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Introduction
1.1 Overview
The purpose of this volume is to provide a variety of simple design examples to assist the user in 
becoming familiar with the GENESIS design optimization capabilities.  These examples are also 
provided with the GENESIS software so they may be executed for comparison.  
It should be remembered that, because of different machine precisions, the results may differ 
slightly from those presented here.
Volume III contains numerous analysis examples which are helpful in understanding the design 
optimization capabilities of GENESIS.
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Introduction
1.2 Design Examples
To assist the user in understanding the design capabilities of GENESIS, a variety of examples are 
presented in Chapter 2. Some of these examples correspond to analysis examples explained in 
Volume III.
The following table lists the examples, together with the features demonstrated by each:

SECTION PROBLEM SOLVED SPECIAL FEATURES

2.1 Three Rod Truss - 3 Design 
Variables

None: Classical optimization problem.

2.2 Three Rod Truss - Linked Variables Design variable linking.

2.3 Three Rod Truss - 2 Design 
Variables

Linking by property definitions.

2.4 Ten Rod Truss - 10 Design 
Variables

None.

2.5 Ten Rod Truss - 3 Design Variables Design variable linking.

2.6 Ten Rod Truss - Basis Design 
Approach

Basis design approach.

2.7 Cantilevered Beam - 6 Design 
Variables

Nonlinear design variable to property 
relationships (DVPROP2 and 
DEQATN).

2.8 Cantilevered Plate - One Design 
Variable

Nonlinear design variable to property 
relationships(DVPROP2 and 
DEQATN).

2.9 Cantilevered Plate - Design 
Element Library

Design element library (DVPROP3).

2.10 Portal Frame - Design Element 
Library

Design element library (DVPROP3).

2.11 Portal Frame - Synthetic 
Responses

Local buckling constraints using 
DRESP2 data.

2.12 Cantilevered Beam - Size 
Constraint

Element sizing constraints using 
DRESP2 data.

2.13 Three Rod Truss - Shape 
Perturbation

Shape design using perturbation 
vectors.

2.14 Three Rod Truss - Basis Shape 
Design

Shape design using basis design 
vectors.

2.15 Shape Design of an 18-Rod Truss DRESP2 responses that are functions 
of grid locations.
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PROBLEM SOLVED SPECIAL FEATURES

2.16 Shape Design of a Plate with a Hole Override default values for constraint 
screening parameters.

2.17 Beam - Shape Perturbation Shape design in a nonrectangular 
coordinate system with perturbation 
vectors.

2.18 Beam - Basis Shape Design Shape design in a nonrectangular 
coordinate system with basis design 
vectors.

2.19 Beam - Grid Location Constraint Grid location constraint data on GRID 
continuation.

2.20 Beam - DRESP2 Grid Location 
Constraint

DRESP2 grid location constraint.

2.21 Beam - Deformed Shape Constraint DRESP2 deformed shape constraint.

2.22 Design of a Straight Uniform Fin Optimization with temperature 
constraints.

2.23 Design of a Square Plate with 
Volume Heat Generation and 
Enforced Temperature

None.

2.24 Three Rod Truss - Design Using 
Multidisciplinary Load Cases

Optimization using multiple load case 
types.

2.25 Cantilevered Beam - Dynamic 
Stress Constraints

Optimization using dynamic stresses.

2.26 ELAS1/DAMP1/MASS1 Structure - 
Multiple Type Constraints

Optimization using multiple types of 
dynamic constraints.

2.27 Design of Box Beam Modeled With 
Composite Quad4 Elements

Laminated composite design.

2.28 Three Rod Truss - Finding Rod 
Areas to Match Desirable 
Responses

Adjusting the analysis model to match 
measured data.

2.29 Shape and Property Design of a 
Thin Axisymmetric Annulus

Automatic generation of grid stress 
constraints.

2.30 Shape Design of a Plate with a Hole 
II

DOMAIN and DVGRIDC to 
automatically generate DVGRID data.

2.31 Shape Design of a Plate with a Hole 
III

Mesh smoothing to relieve mesh 
distortion during shape optimization.

2.32 Design of Beam Taper to Match 
Eigenvector

EVECT type DRESP1 responses. 
POINT normalization for 
eigenvectors.
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PROBLEM SOLVED SPECIAL FEATURES

2.33 Shape Design of a Bracket with a 
Triangular Hole

Optimization using multiple 
DOMAINs.

2.34 Shape Design of a Cantilevered C 
Beam using Geometric 
Perturbation Vectors

Optimization using multiple 
DOMAINs.

2.35 Creating Natural Perturbation 
Vector for the Shape Design of a 
Cantilevered C Beam

DVSHAPE data to automatically 
generate DVGRID data.

2.36 Shape Design of a Cantilevered C 
Beam using Natural Perturbation 
Vectors

Optimization using natural 
perturbation vectors. Pass through 
constraints using DRESPG - 
DGPLANE.

2.37 Shape Design of a Cantilivered 
Plate using RBE3, RSPLINE and 
Geometric Perturbation Vectors

Optimization using RBE3, RSPLINE, 
DOMAIN and DVGRIDC

2.38 Shape and Sizing Design of a Free 
Body Structure (Inertia Relief)

Optimization using Inertia Relief.

2.39 Shape Design Sensitivity for 
Doubly Curved Shell using Guyan 
Reduction

Guyan reduction.

2.40 Shape Design of a Plate Structure 
being Constrained on the Inertia 
Response

Optimization with inertia responses.

2.41 Creating Natural Perturbation 
Vectors for the Shape Design of a 
Structure

DVSHAPE data on an auxiliary model 
to generate DVGRID data.

2.42 Shape Design of a Plate Structure 
being Constrained on the Inertia 
Response using Natural 
Perturbation Vectors (An Auxiliary 
Model)

Optimization using natural 
perturbation vectors.

2.43 Shape Design of a Curved Beam Axisymmetric DOMAINs.

2.44 Design of Box Beam Modeled With 
Composite Quad4 Elements using 
DVPROP4

DVPROP4 for composite element 
design.

2.45 Design of a Tripod using a 
Buckling Constraint

LAMA response

2.46 Design of Plate Thicknesses using 
GNUSER and DRESPU to 
Constrain External Responses

DRESPU responses.
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Introduction
2.47 Three Rod Truss - Discrete 
Optimization

Discrete design variables

2.48 Truck Cabin - Full System Design Baseline design for comparison with 
superelement design

2.49 Truck Cabin - Superelement 
Simulation using Craig-Bampton 
modes

Generate a superelement using 
Guyan reduction and Craig-Bampton 
modes

2.50 Truck Cabin - Design Using 
Imported Superelement

Design using superelements

2.51 Truck Cabin - Superelement 
REDUCE Mode

Superelement stiffness and load 
reduction

2.52 Truck Cabin - Design Using 
Imported Superelement

Optimization using DMIG matrices

2.53 Bead Pattern Optimization using 
Topography Optimization I 
(DTGRID Data)

Topography Optimization

2.54 Bead Pattern Optimization using 
Topography Optimization 
II(DTGRID Data)

Topography Optimization

2.55 Design of Box Beam Modeled With 
Composite Quad4 Elements - Use 
of DVPROP4 and Topography 
Optimization

Topography Optimization

2.56 Six Bead Pattern optimization 
using Topography Optimization

Topography Optimization

2.57 Six Bead Patterns and Curvature 
Optimization Using Topography 
Optimization and Domain

Topography Optimization

2.58 Topometry Optimization of a 
Simply Supported Plate

Topometry Optimization

2.59 Spot Weld Location Optimization 
using Topometry Optimization

Topometry Optimization

2.60 Six Bead Patterns, Sizing and 
Curvature Optimization Using 
Topography, Topometry and 
Domains

Topography, Topometry,  Shape and  
Optimization

2.61 Shape Optimization of a Solid 
Cantilever Beam using DOMAINs

General Method

2.62 Shape Optimization of a Solid 
Cantilever Beam using Natural 
Perturbation Vectors (Auxiliary 
Problem)

General Method
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2.63 Shape Optimization of a Solid 
Cantilever Beam using Natural 
Perturbation Vectors

General Method

2.64 Shape Optimization of a Solid 
Cantilever Beam using 
TOPOGRAPHY Optimization

Topography Optimization of Solid 
using skin of shell elements

2.65 Design of Beam Taper to Match 
Two Eigenvector and Two 
Frequencies Using DMATCH2

Use of DMATCH2

2.66 Multi-objective Coarse Topometry 
Optimization

Use of DINDEX

2.67 Two Objectives Coarse Topometry 
Optimization: Case 1

Coarse Topometry Optimization 

2.68 Two Objectives Coarse Topometry 
Optimization: Case 2

Coarse Topometry Optimization 

2.69 Two Objectives Coarse Topometry 
Optimization: Case 3

Coarse Topometry Optimization 

2.70 Topometry Optimization with 
Double Mirror Symmetries

Topometry Optimization and 
Fabrication Constraints

2.71 Topometry Optimization with 
Extrusion and Mirror Symmetry

Topometry Optimization and 
Fabrication Constraints

2.72 Topometry Optimization with 
Multiple Sets of Extrusion and 
Mirror Symmetry Conditions

Topometry Optimization and 
Fabrication Constraints

2.73 Topography Optimization of 
Multiple Regions and with Multiple 
Sets of Extrusion, Cyclic, 
Axisymmetric and Mirror 
Symmetry Constraints

Topography Optimization and 
Fabrication Constraints

2.74 Three Rod Truss - Discrete 
Optimization Using DSCDOT

Discrete Optimizatio

2.75 Topography Optimization using 
BEADFR and Mirror Symmetry 
Constraints

Use of  DTGRID bead fraction 
(BEADFR) option to control the grids 
movements. BEADFR allows to get more 
clear beads. 

2.76 Design Using User-defined 
Composite Failure Equations

Use of user defined failure index 
equations: FINDEX

2.77 Spot Weld Location Optimization 
using Topometry Optimization 
using DSELECT

Topometry Optimization and 
DSELECT

2.78 Topometry Optimization of a Plate 
with Random Responses

Use of Random root mean square 
velocities (RMSVELO) with DCONS. 
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2.79 Sizing Optimization of a Truck with 
Random Responses

Use of Random root mean square 
velocities (RMSVELO) with DCONS. 

3.1 Plate With a Hole Using the PC 
Version of Femb

Creating data using Femb

4.1 Test of Michell Truss Topology Classical Topology Problem.

4.2 Short Cantilever Beam Symmetry using TSYM2.

4.3 Multi-Objective Topology Problem Use TINDEX option.

4.4 3-D Continuum Solid Topology 
Example

Symmetry using TSYM1.

4.5 Design of Force/Displacement 
Inverter

4.6 Design of Gripping Mechanisms

4.7 Bar Subject to Torsional Loads 
With No Fabrication Constraints

4.8 Bar Subject to Torsional Loads 
with Triple Symmetry Enforcement

Triple Symmetry using TSYM3

4.9 Bar Subject to Torsional Loads 
with Extrusion Constraints

Extrusion using TSYM3

4.10 Bar Subject to Torsional Loads 
with Filling Constraints

Casting  using TSYM3

4.11 Bar Subject to Multiple Torsional 
Loads Cases With no Fabrication 
Constraints

4.12 Bar Subject to Multiple Load Cases 
With FBZ Fabrication Constraints 
(Parting Plane on Bottom)

Casting  using TSYM3.

4.13 Bar Subject to Multiple Load Cases 
With FGZ Fabrication Constraints 
(With Free Parting Plane Location)

Casting  using TSYM3

4.14 Topology Optimization with Force 
Constrains (Using Relative 
Displacements Contraints)

Relative displacement  using 
RELDISP option in TRESP1

4.15 Topology Optimzation with Inertia 
Responses

Inertia response using INERTIA  
option in TRESP1
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Initial, intermediate and final parts of the output file is given for the first example, while the 
remaining examples include only the key information.

4.16 Topology Optimization with 
Buckling Load Factor Constraints 
and Fabrication Constraints

Bukling load factors using LAMA 
option in TRESP1

4.17 Topology Optimization of Simple 
Supported Plate, Direct 
Displacement Minimization to 
Increase Overall Stiffness

Direct (Frequency Response) 
Displacement DDISP option in 
TRESP1

4.18 Solid Block Subject to Torsional 
Loads with Stampable Sheet 
Constraints - Use of Two Layers 
With No Punch Holes

Stampable Sheet Fabrication 
Constraints

4.19 Solid Block Subject to Torsional 
Loads with Stampable Sheet 
Constraints - Use of Two Layers 
With Punch Holes

Stampable Sheet Fabrication 
Constraints

4.20 Solid Block Subject to Torsional 
Loads With Stampable Sheet 
Constraints. Use of One Layer With 
No Punch Holes - Layer Stamped 
from Bottom

Stampable Sheet Fabrication 
Constraints

4.21 Solid Block Subject to Torsional 
Loads with Stampable Sheet 
Constraints. Use of One Layer with 
No Punch Holes - Layer Stamped 
from Top

Stampable Sheet Fabrication 
Constraints

4.22 Topology Optimization of 
Reinforcement With Random 
Responses

Use of random root mean square 
displacements (RMSDISP)
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P3⁄STRUCTURAL OPTIMIZATION (Vol. II)

CHAPTER 2
Design Examples: Sizing and 
Shape

o Three Rod Truss - 3 Design Variables

o Three Rod Truss - Linked Variables

o Three Rod Truss - 2 Design Variables

o Ten Rod Truss - 10 Design Variables

o Ten Rod Truss - 3 Design Variables

o Ten Rod Truss - Basis Design Approach

o Cantilevered Beam - 6 Design Variables

o Cantilevered Plate - One Design Variable

o Cantilevered Plate - Design Element Library

o Portal Frame - Design Element Library

o Portal Frame - Synthetic Responses

o Cantilevered Beam - Size Constraint

o Three Rod Truss - Shape Perturbation

o Three Rod Truss - Basis Shape Design

o Shape Design of an 18-Rod Truss

o Shape Design of a Plate with a Hole

o Beam - Shape Perturbation

o Beam - Basis Shape Design



o Beam - Grid Location Constraint

o Beam - DRESP2 Grid Location Constraint

o Beam - Deformed Shape Constraint

o Design of a Straight Uniform Fin

o Design of a Square Plate with Volume Heat Generation 
and Enforced Temperature

o Three Rod Truss - Design Using Multidisciplinary 
Load Cases

o Cantilevered Beam - Dynamic Stress Constraints

o ELAS1/DAMP1/MASS1 Structure - Multiple Type 
Constraints

o Design of Box Beam Modeled With Composite Quad4 
Elements

o Three Rod Truss - Finding Rod Areas to Match 
Desirable Responses

o Shape and Property Design of a Thin Axisymmetric 
Annulus

o Shape Design of a Plate with a Hole II

o Shape Design of a Plate with a Hole III

o Design of Beam Taper to Match Eigenvector

o Shape Design of a Bracket with a Triangular Hole

o Shape Design of a Cantilevered C Beam using 
Geometric Perturbation Vectors

o Creating Natural Perturbation Vector for the Shape 
Design of a Cantilevered C Beam

o Shape Design of a Cantilevered C Beam using Natural 
Perturbation Vectors

o Shape Design of a Cantilivered Plate using RBE3, 
RSPLINE and Geometric Perturbation Vectors

o Shape and Sizing Design of a Free Body Structure 
(Inertia Relief)

o Shape Design Sensitivity for Doubly Curved Shell 
using Guyan Reduction

o Shape Design of a Plate Structure being Constrained 
on the Inertia Response



o Creating Natural Perturbation Vectors for the Shape 
Design of a Structure

o Shape Design of a Plate Structure being Constrained 
on the Inertia Response using Natural Perturbation 
Vectors (An Auxiliary Model)

o Shape Design of a Curved Beam

o Design of Box Beam Modeled With Composite Quad4 
Elements using DVPROP4

o Design of a Tripod using a Buckling Constraint

o Design of Plate Thicknesses using GNUSER and 
DRESPU to Constrain External Responses

o Three Rod Truss - Discrete Optimization

o Truck Cabin - Full System Design

o Truck Cabin - Superelement Simulation using Craig-
Bampton modes

o Truck Cabin - Design Using Imported Superelement

o Bead Pattern Optimization using Topography 
Optimization I (DTGRID Data)

o Bead Pattern Optimization using Topography 
Optimization II(DTGRID Data)

o Design of Box Beam Modeled With Composite Quad4 
Elements - Use of DVPROP4 and Topography 
Optimization

o Six Bead Pattern optimization using Topography 
Optimization

o Shape Optimization of a Solid Cantilever Beam using 
DOMAINs

o Shape Optimization of a Solid Cantilever Beam using 
Natural Perturbation Vectors (Auxiliary Problem)

o Shape Optimization of a Solid Cantilever Beam using 
Natural Perturbation Vectors

o Shape Optimization of a Solid Cantilever Beam using 
TOPOGRAPHY Optimization

o Design of Beam Taper to Match Two Eigenvector and 
Two Frequencies Using DMATCH2

o Multi-objective Coarse Topometry Optimization



o Two Objectives Coarse Topometry Optimization: Case 
1

o Two Objectives Coarse Topometry Optimization: Case 
2

o Two Objectives Coarse Topometry Optimization: Case 
3

o Topometry Optimization with Double Mirror 
Symmetries

o Topometry Optimization with Extrusion and Mirror 
Symmetry

o Topometry Optimization with Multiple Sets of 
Extrusion and Mirror Symmetry Conditions

o Topography Optimization of Multiple Regions and 
with Multiple Sets of Extrusion, Cyclic, Axisymmetric 
and Mirror Symmetry Constraints

o Three Rod Truss - Discrete Optimization Using 
DSCDOT

o Topography Optimization using BEADFR and Mirror 
Symmetry Constraints

o Design Using User-defined Composite Failure 
Equations

o Spot Weld Location Optimization using Topometry 
Optimization using DSELECT

o Topometry Optimization of a Plate with Random 
Responses

o Sizing Optimization of a Truck with Random 
Responses

o Freeform Optimization on Raw Perturbations 
(DVGRID) using Grid Fraction and Mirror Symmetry 
Constraints

o Freeform Optimization on DOMAIN Perturbations 
(DVGRIDC) using Grid Fraction and Axisymmetry 
Constraints
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Design Examples: Sizing and Shape
2.1 Three Rod Truss - 3 Design Variables

Example ID:
D001

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS

Special Features Used:
NONE

Problem Statement:
Minimize the mass of the three rod truss structure shown in Figure 2-1, subject to stress con-
straints in each element and displacement constraints on GRID 4. The three design variables are 
the three ROD areas. There are two load cases and one boundary condition. The constraints are 
applied to the responses in each load case.

Figure 2-1

Y

10" 10"

10

X

3

4

A 2 A 3

2

A 1

1

P2=20,000 P1=19,000

θ=36.9θ=36.9
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Design Examples: Sizing and Shape
Design Problem:
Minimize mass

1. 3 sizing design variables.
2. 2 load cases.
3. 3 stress constraints per load case.
4. 2 displacement constraints per load case.

Design Data Relationships:

Problem Description:
1. The three design variables have lower and upper bounds of 0.1 and 100.0 

respectively. The initial values of design variables 1 and 3 are 1.0 and the initial 
value of design variable 2 is 2.0. 

2. The ROD areas are related to the design variables by a linear one to one relationship 
defined by the DVPROP1 data 10, 20, and 30.

3. The displacement responses of GRID 4 in the 1 and 2 directions are defined on the 
DRESP1 data 21 and 22.

4. The stress responses at end B of each ROD (item code 2) are defined on the 
DRESP1 data 23, 24, and 25.

5. The mass response of the structure is defined on the DRESP1 data 20.
6. The objective function (DOBJ) will be the minimization of response 20; the mass 

of the structure.
7. The responses 21 and 22 (GRID 4 displacements) are constrained to be between -

0.2 and 0.2 in both load cases.
8. The responses 23-25 (stresses) are constrained to be between -15000. and 20000. in 

both load cases.

Results:
The final design mass is 2.63. The upper bound stress constraints for ROD 1 in load case 1 and 
ROD 3 in load case 2 are active in the final design. The final structure is not symmetric because 
the loading is not symmetric.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS
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Design Examples: Sizing and Shape
2.1.1 Input Data

ID D001
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - 3 DESIGN VARIABLES
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
DVAR    3       A3      1.0     0.1     100.0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
DVPROP1 30      13      1
+DP3    3       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
DRESP1  25      S3      STRESS  PROD            2       13
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
DCONS   24      ALL     -15000. 20000.
DCONS   25      ALL     -15000. 20000.
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$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.1.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
20 Design Examples Manual November 2009 GENESIS



Design Examples: Sizing and Shape
GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   97
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   98
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  1.711142E-16 ; STRAIN ENERGY :  2.776332E+02
LOADCASE        2 ; RESIDUAL :  3.298749E-16 ; STRAIN ENERGY :  2.933473E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   99
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 1                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      2.611724E-02     -1.388459E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  100
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 2                                             LOADCASE         2
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                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -2.659936E-02     -1.342540E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  101
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 1                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        2.000092E+04        2.000092E+04
       2        1.388459E+04        1.388459E+04
       3       -6.116322E+03       -6.116322E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  102
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 2                                             LOADCASE         2

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1       -6.586979E+03       -6.586979E+03
       2        1.342540E+04        1.342540E+04
       3        2.001238E+04        2.001238E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  103
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
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STRESS AND DISPLACEMENT CONSTRAINTS                                     

              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.632521E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    8.105790E-01    1.000000E+02
         2     A2          1.000000E-01    2.644884E-01    1.000000E+02
         3     A3          1.000000E-01    8.638727E-01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  104
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    2.000092E+04  UB   2.000000E+04   A
   ROD              2    2        1    1.388459E+04  UB   2.000000E+04   I
   ROD              2    2        2    1.342540E+04  UB   2.000000E+04   I
   ROD              3    2        2    2.001238E+04  UB   2.000000E+04   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  105
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                      ***********************************
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                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 4.828E-03 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  106
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.9116E+00         2.0%
   2     2.7744E+00         0.5%
   3     2.6501E+00         0.8%
   4     2.6424E+00         0.0%
   5     2.6223E+00         0.4%
   6     2.6312E+00         0.7%
   7     2.6390E+00         0.0%
   8     2.6316E+00         0.1%
   9     2.6279E+00         0.4%
  10     2.6325E+00         0.1%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  107
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2            A3

   0     1.0000E+00    2.0000E+00    1.0000E+00 
   1     6.4673E-01    1.0000E+00    7.0501E-01 
   2     6.8034E-01    7.5000E-01    7.5110E-01 
   3     7.3080E-01    5.0000E-01    7.8953E-01 
   4     7.6832E-01    3.8889E-01    8.2515E-01 
   5     8.0469E-01    2.7037E-01    8.5840E-01 
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   6     7.5003E-01    4.2840E-01    8.0760E-01 
   7     7.8361E-01    3.4377E-01    8.3935E-01 
   8     8.0991E-01    2.6476E-01    8.6368E-01 
   9     7.7060E-01    3.6900E-01    8.2669E-01 
  10     8.1058E-01    2.6449E-01    8.6387E-01 

                            ***** END OF OUTPUT *****
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2.2 Three Rod Truss - Linked Variables

Example ID:
D002

Design Data Used:
DVAR, DLINK, DVPROP1, DRESP1, DOBJ, DCONS

Special Features Used:
DESIGN VARIABLE LINKING

Problem Statement:
The same as D001 except that design variables 1 and 3 are linked to produce a symmetric struc-
ture.

Design Problem:
Same as D001

Design Date Relationships:

Problem Description: 
1. Same as D001 except that design variable 3 is made dependent to design variable 

1 using the DLINK data. The value of design variable 3 is to be equal to that of 
design variable 1.

In detail, these relationships are:

Results:
The final design mass is 2.70. This is higher than the unsymmetric case (2.63 in D001) because of 
the addition constraint (linking) on the design. As in D001 the upper bound stress constraints for 
ROD 1 in load case 1 and ROD 3 in load case 2 are active in the final design.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS

CROD 1

CROD 2

CROD 3

PROD 11

PROD 12

PROD 13

DVPROP 10

DVPROP 11

DVPROP 12

DVAR 1

DVAR 2

DVAR 3

DLINK 3
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2.2.1 Input Data

ID D002
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - 3 DESIGN VARIABLES
SUBTITLE = DESIGN VARIABLES 1 AND 3 ARE LINKED
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
DVAR    3       A3      1.0     0.1     100.0
$ DESIGN VARIABLE LINKING INFORMATION
DLINK   3                       1       1.
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
DVPROP1 30      13      1
+DP3    3       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
DRESP1  25      S3      STRESS  PROD            2       13
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
DCONS   24      ALL     -15000. 20000.
DCONS   25      ALL     -15000. 20000.
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$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.2.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  107
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  108
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  9.002948E-17 ; STRAIN ENERGY :  2.639627E+02
LOADCASE        2 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  2.924794E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  109
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
LOAD CONDITION 1                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      2.493346E-02     -1.306463E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  110
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
LOAD CONDITION 2                                             LOADCASE         2
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                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -2.624575E-02     -1.375224E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  111
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
LOAD CONDITION 1                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        1.899904E+04        1.899904E+04
       2        1.306463E+04        1.306463E+04
       3       -5.934414E+03       -5.934414E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  112
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
LOAD CONDITION 2                                             LOADCASE         2

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1       -6.246752E+03       -6.246752E+03
       2        1.375224E+04        1.375224E+04
       3        1.999899E+04        1.999899E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  113
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     
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              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.701453E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    8.621366E-01    1.000000E+02
         2     A2          1.000000E-01    2.629624E-01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  114
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

 DESIGN VARIABLE

                       DEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         3     A3          1.000000E-01    8.621366E-01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  115
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    1.899904E+04  UB   2.000000E+04   A
   ROD              2    2        1    1.306463E+04  UB   2.000000E+04   I
   ROD              2    2        2    1.375224E+04  UB   2.000000E+04   I
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   ROD              3    2        2    1.999899E+04  UB   2.000000E+04   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  116
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  117
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.9649E+00         1.5%
   2     2.8346E+00         0.4%
   3     2.7144E+00         0.7%
   4     2.7077E+00         0.0%
   5     2.6896E+00         0.4%
   6     2.6969E+00         0.7%
   7     2.7062E+00         0.0%
   8     2.7001E+00         0.0%
   9     2.6948E+00         0.4%
  10     2.7015E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  118
THREE ROD TRUSS - 3 DESIGN VARIABLES                                    
DESIGN VARIABLES 1 AND 3 ARE LINKED                                     

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
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              A1            A2            A3

   0     1.0000E+00    2.0000E+00    1.0000E+00 
   1     6.9471E-01    1.0000E+00    6.9471E-01 
   2     7.3701E-01    7.5000E-01    7.3701E-01 
   3     7.8290E-01    5.0000E-01    7.8290E-01 
   4     8.1984E-01    3.8889E-01    8.1984E-01 
   5     8.5533E-01    2.7037E-01    8.5533E-01 
   6     8.0204E-01    4.2840E-01    8.0204E-01 
   7     8.3526E-01    3.4377E-01    8.3526E-01 
   8     8.6102E-01    2.6476E-01    8.6102E-01 
   9     8.2254E-01    3.6831E-01    8.2254E-01 
  10     8.6214E-01    2.6296E-01    8.6214E-01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.3 Three Rod Truss - 2 Design Variables

Example ID:
D003

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS

Special Features Used:
NONE

Problem Statement:
The same as D001 except that design variable 1 controls the area of RODs 1 and 3 to produce a 
symmetric structure.

Design Problem:
Same as D001

Design Data Relationships:

Problem Description:
1. Same as D001 except that design variable 1 controls the areas of RODs 1 and 3 to 

produce a symmetric structure. This will produce the same structure as D002 where 
design variables 1 and 3 were linked to produce a symmetric structure.

In detail, the relationships are:

1. Also note that both PROD IDs are listed on the same DRESP1 data for the stress 
constraints. This reduces the amount of DRESP1 and DCONS data that is required.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS

CROD 1

CROD 3

CROD 2

PROD 11

PROD 12

DVPROP 10

DVPROP 20

DVAR 1

DVAR 2
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Results:
The final design mass is 2.70. This is higher than the unsymmetric case (2.63 in D001) because of 
the addition constraint (linking) on the design. This is exactly the same result as obtained in 
D002.
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2.3.1 Input Data

ID D003
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - 2 DESIGN VARIABLES
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11      12
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
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$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       11      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.3.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   96
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   97
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  9.002948E-17 ; STRAIN ENERGY :  2.639627E+02
LOADCASE        2 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  2.924794E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   98
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 1                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      2.493346E-02     -1.306463E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   99
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 2                                             LOADCASE         2
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                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -2.624575E-02     -1.375224E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  100
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 1                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        1.899904E+04        1.899904E+04
       2        1.306463E+04        1.306463E+04
       3       -5.934414E+03       -5.934414E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  101
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
LOAD CONDITION 2                                             LOADCASE         2

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1       -6.246752E+03       -6.246752E+03
       2        1.375224E+04        1.375224E+04
       3        1.999899E+04        1.999899E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  102
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     
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              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.701453E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    8.621366E-01    1.000000E+02
         2     A2          1.000000E-01    2.629624E-01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  103
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    1.899904E+04  UB   2.000000E+04   A
   ROD              2    2        1    1.306463E+04  UB   2.000000E+04   I
   ROD              3    2        2    1.999899E+04  UB   2.000000E+04   A
   ROD              2    2        2    1.375224E+04  UB   2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  104
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
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                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  105
THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.9649E+00         1.5%
   2     2.8346E+00         0.4%
   3     2.7144E+00         0.7%
   4     2.7077E+00         0.0%
   5     2.6896E+00         0.4%
   6     2.6969E+00         0.7%
   7     2.7062E+00         0.0%
   8     2.7001E+00         0.0%
   9     2.6948E+00         0.4%
  10     2.7015E+00         0.0%
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THREE ROD TRUSS - 2 DESIGN VARIABLES                                    
STRESS AND DISPLACEMENT CONSTRAINTS                                     

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE
               1             2
              A1            A2

   0     1.0000E+00    2.0000E+00 
   1     6.9471E-01    1.0000E+00 
   2     7.3701E-01    7.5000E-01 
   3     7.8290E-01    5.0000E-01 
   4     8.1984E-01    3.8889E-01 
   5     8.5533E-01    2.7037E-01 
   6     8.0204E-01    4.2840E-01 
   7     8.3526E-01    3.4377E-01 
   8     8.6102E-01    2.6476E-01 
   9     8.2254E-01    3.6831E-01 
  10     8.6214E-01    2.6296E-01 
GENESIS November 2009 Design Examples Manual 43



Design Examples: Sizing and Shape
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.4 Ten Rod Truss - 10 Design Variables

Example ID:
D004

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS

Special Features Used:
NONE

Problem Statement:
Minimize the mass of the ten rod truss structure shown in Figure 2-2, subject to stress con-
straints in each element. The ten design variables are the ten ROD areas. There is one load case.

Figure 2-2
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Design Problem:
Minimize mass; 10 sizing design variables, 1 load case, 10 stress constraints. 

Design Relationships:

Problem Description: 
1. The ten design variables have lower and upper bounds of 0.001 and 1000.0 

respectively. The initial values of design variables are 5.0. 
2. The ROD areas are related to the design variables by a linear one to one relationship 

defined by the DVPROP1 data 1 through 10.
3. The stress responses at end B of each ROD (item code 2) are defined on the 

DRESP1 data 1. Note that the default value for PTYPE is used. This indicates that 
the attributes are property ID's (PID's).

4. The mass response of the structure is defined on the DRESP1 data 11.
5. The objective function (DOBJ) will be the minimization of response 11; the mass 

of the structure.
6. The stress responses are constrained to be between -25000. and 25000. 

Results:
The final design mass is 1590. The upper bound stress constraints for RODs 1, 7, and 9 as well as 
the lower bound stress constraints for RODs 3, 4, and 8 are active in the final design. Also note 
that design variables 2, 5, 6, and 10 are at or near there lower bound values.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS
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2.4.1 Input Data

ID D004
CEND
$
LINE = 64,80
TITLE = TEN ROD TRUSS - TEN DESIGN VARIABLES
SUBTITLE = STRESS CONSTRAINTS
DISP = ALL
STRESS = ALL
SPC = 100
LOAD = 300
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       A1      5.0     0.001   1000.0
DVAR    2       A2      5.0     0.001   1000.0
DVAR    3       A3      5.0     0.001   1000.0
DVAR    4       A4      5.0     0.001   1000.0
DVAR    5       A5      5.0     0.001   1000.0
DVAR    6       A6      5.0     0.001   1000.0
DVAR    7       A7      5.0     0.001   1000.0
DVAR    8       A8      5.0     0.001   1000.0
DVAR    9       A9      5.0     0.001   1000.0
DVAR    10      A10     5.0     0.001   1000.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
DVPROP1 1       1       1
+DP1    1       1.0
DVPROP1 2       2       1
+DP2    2       1.0
DVPROP1 3       3       1
+DP3    3       1.0
DVPROP1 4       4       1
+DP4    4       1.0
DVPROP1 5       5       1
+DP5    5       1.0
DVPROP1 6       6       1
+DP6    6       1.0
DVPROP1 7       7       1
+DP7    7       1.0
DVPROP1 8       8       1
+DP8    8       1.0
DVPROP1 9       9       1
+DP9    9       1.0
DVPROP1 10      10      1
+DP10   10      1.0
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$ RESPONSES
DRESP1  1       S1      STRESS                  2       1       2       3
+       4       5       6       7       8       9       10
DRESP1  11      W       MASS
$ OBJECTIVE FUNCTION AND CONSTRAINTS
DOBJ    11      W               MIN
DCONS   1       ALL     -25000. 25000.
$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               720.    360.    0.0
GRID    2               720.    0.0     0.0
GRID    3               360.    360.    0.0
GRID    4               360.    0.0     0.0
GRID    5               0.0     360.    0.0
GRID    6               0.0     0.0     0.0
$ ELEMENTS
CROD    1       1       5       3
CROD    2       2       3       1
CROD    3       3       6       4
CROD    4       4       4       2
CROD    5       5       3       4
CROD    6       6       1       2
CROD    7       7       5       4
CROD    8       8       6       3
CROD    9       9       3       2
CROD    10      10      4       1
$ PROPERTIES AND MATERIALS
PROD    1       1       5.0
PROD    2       1       5.0
PROD    3       1       5.0
PROD    4       1       5.0
PROD    5       1       5.0
PROD    6       1       5.0
PROD    7       1       5.0
PROD    8       1       5.0
PROD    9       1       5.0
PROD    10      1       5.0
MAT1    1       1.0E7                   0.1
$ BOUNDARY CONDITIONS AND LOADS
GRDSET                                                  3456
SPC1    100     12      5       6
FORCE   300     2               100000. 0.0     -1.0    0.0
FORCE   300     4               100000. 0.0     -1.0    0.0
$
ENDDATA
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2.4.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   65
TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

              ********************************************
              *  D E S I G N  C Y C L E      8 (ANALYSIS)*
              ********************************************
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -1.501502E-16 ; STRAIN ENERGY :  4.933810E+05
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      
                                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      1.454067E+00     -6.617665E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.793021E+00     -7.174383E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      8.973489E-01     -2.691936E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -8.957236E-01     -2.693237E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       5      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       6      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   68
TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      
                                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        2.492636E+04        2.492636E+04
       2        1.546440E+04        1.546440E+04
       3       -2.488121E+04       -2.488121E+04
       4       -2.492493E+04       -2.492493E+04
       5        3.615065E+01        3.615065E+01
       6        1.546440E+04        1.546440E+04
       7        2.496547E+04        2.496547E+04
       8       -2.492482E+04       -2.492482E+04
       9        2.488996E+04        2.488996E+04
      10       -2.186996E+04       -2.186996E+04
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

              ********************************************
              *  D E S I G N  C Y C L E      8 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.589292E+03

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-03    8.023016E+00    1.000000E+03
         2     A2          1.000000E-03    1.000000E-03    1.000000E+03
         3     A3          1.000000E-03    8.038814E+00    1.000000E+03
         4     A4          1.000000E-03    4.011427E+00    1.000000E+03
         5     A5          1.000000E-03    1.000000E-03    1.000000E+03
         6     A6          1.000000E-03    1.000000E-03    1.000000E+03
         7     A7          1.000000E-03    5.665553E+00    1.000000E+03
         8     A8          1.000000E-03    5.673042E+00    1.000000E+03
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         9     A9          1.000000E-03    5.680984E+00    1.000000E+03
        10     A10         1.000000E-03    1.000000E-03    1.000000E+03
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    2.492636E+04  UB   2.500000E+04   A
   ROD              2    2        1    1.546440E+04  UB   2.500000E+04   I
   ROD              3    2        1   -2.488121E+04  LB  -2.500000E+04   A
   ROD              4    2        1   -2.492493E+04  LB  -2.500000E+04   A
   ROD              6    2        1    1.546440E+04  UB   2.500000E+04   I
   ROD              7    2        1    2.496547E+04  UB   2.500000E+04   A
   ROD              8    2        1   -2.492482E+04  LB  -2.500000E+04   A
   ROD              9    2        1    2.488996E+04  UB   2.500000E+04   A
   ROD             10    2        1   -2.186996E+04  LB  -2.500000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   72
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     2.0982E+03        63.7%
   1     1.8357E+03         9.0%
   2     1.7045E+03         3.8%
   3     1.6372E+03         1.6%
   4     1.5951E+03         1.0%
   5     1.5901E+03         0.0%
   6     1.5888E+03        38.7%
   7     1.6752E+03         0.0%
   8     1.5893E+03         0.0%
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
              A1            A2            A3            A4            A5

   0     5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00 
   1     7.5000E+00    2.5000E+00    7.5000E+00    2.5000E+00    2.5000E+00 
   2     6.9021E+00    1.2500E+00    9.1460E+00    3.2438E+00    1.2524E+00 
   3     7.9132E+00    4.1667E-01    8.1351E+00    3.7767E+00    6.2621E-01 
   4     7.9315E+00    4.4433E-02    8.1165E+00    3.9684E+00    1.2621E-01 
   5     8.0264E+00    8.0885E-03    8.0214E+00    4.0081E+00    2.5597E-02 
   6     8.0084E+00    1.0000E-03*   8.0395E+00    4.0041E+00    1.0000E-03*
   7     8.0233E+00    1.0000E-03*   8.0385E+00    4.7212E+00    1.0000E-03*
   8     8.0230E+00    1.0000E-03*   8.0388E+00    4.0114E+00    1.0000E-03*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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TEN ROD TRUSS - TEN DESIGN VARIABLES                                    
STRESS CONSTRAINTS                                                      

                 D E S I G N   V A R I A B L E   H I S T O R Y
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DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               6             7             8             9            10
              A6            A7            A8            A9           A10

   0     5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00 
   1     2.5000E+00    5.7324E+00    6.6646E+00    3.4813E+00    2.5000E+00 
   2     1.2500E+00    7.2605E+00    4.0872E+00    4.5873E+00    1.2500E+00 
   3     4.1667E-01    5.8311E+00    5.5173E+00    5.3410E+00    4.1850E-01 
   4     4.4433E-02    5.8044E+00    5.5428E+00    5.6121E+00    6.6209E-02 
   5     8.0885E-03    5.6696E+00    5.6772E+00    5.6683E+00    5.6706E-03 
   6     1.0000E-03*   5.6951E+00    5.6517E+00    5.6627E+00    1.6432E-02 
   7     1.0000E-03*   5.6652E+00    6.2651E+00    6.2751E+00    1.0000E-03*
   8     1.0000E-03*   5.6656E+00    5.6730E+00    5.6810E+00    1.0000E-03*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.5 Ten Rod Truss - 3 Design Variables

Example ID:
D005

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS

Special Features Used:
DLINK

Problem Statement:
Same as D004 except design variable linking is used to reduce the number of design variables 
from 10 to 3.

Design Problems:
Minimize mass; 3 sizing design variables, 1 load case, 10 stress constraints.

Design Data Relationships:

Problem Description: 
Same as D004 except that design variables 2, 3, and 4 are linked to 1, design variable 6 is linked 
to 5 and design variables 8, 9, and 10 are linked to 7.

Results:
The final design mass is 2536. Note that this is much higher than that of D004 (1589). This is 
because the design variable linking reduces the size of the design space and therefore, the design 
freedom. The upper bound stress constraints for RODs 6 and 7, as well as the lower bound stress 
constraints for ROD 3 is active in the final design. 

DVAR

DRESP1

DRESP1

DLINK

DOBJ

DCONS

DVAR DVPROP1
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2.5.1 Input Data

ID D005
CEND
$
LINE = 64,80
TITLE = TEN ROD TRUSS - 3 DESIGN VARIABLES
SUBTITLE =  LINKED DESIGN VARIABLES
LABEL = STRESS CONSTRAINTS
DISP = ALL
STRESS = ALL
SPC = 100
LOAD = 300
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       A1      5.0     0.001   1000.0
DVAR    2       A2      5.0     0.001   1000.0
DVAR    3       A3      5.0     0.001   1000.0
DVAR    4       A4      5.0     0.001   1000.0
DVAR    5       A5      5.0     0.001   1000.0
DVAR    6       A6      5.0     0.001   1000.0
DVAR    7       A7      5.0     0.001   1000.0
DVAR    8       A8      5.0     0.001   1000.0
DVAR    9       A9      5.0     0.001   1000.0
DVAR    10      A10     5.0     0.001   1000.0
$ DESIGN VARIABLE LINKING INFORMATION
DLINK   2                       1       1.
DLINK   3                       1       1.
DLINK   4                       1       1.
DLINK   6                       5       1.
DLINK   8                       7       1.
DLINK   9                       7       1.
DLINK   10                      7       1.
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$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
DVPROP1 1       1       1
+DP1    1       1.0
DVPROP1 2       2       1
+DP2    2       1.0
DVPROP1 3       3       1
+DP3    3       1.0
DVPROP1 4       4       1
+DP4    4       1.0
DVPROP1 5       5       1
+DP5    5       1.0
DVPROP1 6       6       1
+DP6    6       1.0
DVPROP1 7       7       1
+DP7    7       1.0
DVPROP1 8       8       1
+DP8    8       1.0
DVPROP1 9       9       1
+DP9    9       1.0
DVPROP1 10      10      1
+DP10   10      1.0
$ RESPONSES
DRESP1  1       S1      STRESS                  2       1       2       3
+       4       5       6       7       8       9       10
DRESP1  11      W       MASS
$ OBJECTIVE FUNCTION AND CONSTRAINTS
DOBJ    11      W               MIN
DCONS   1       ALL     -25000. 25000.
$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               720.    360.    0.0
GRID    2               720.    0.0     0.0
GRID    3               360.    360.    0.0
GRID    4               360.    0.0     0.0
GRID    5               0.0     360.    0.0
GRID    6               0.0     0.0     0.0
$ ELEMENTS
CROD    1       1       5       3
CROD    2       2       3       1
CROD    3       3       6       4
CROD    4       4       4       2
CROD    5       5       3       4
CROD    6       6       1       2
CROD    7       7       5       4
CROD    8       8       6       3
CROD    9       9       3       2
CROD    10      10      4       1
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$ PROPERTIES AND MATERIALS
PROD    1       1       5.0
PROD    2       1       5.0
PROD    3       1       5.0
PROD    4       1       5.0
PROD    5       1       5.0
PROD    6       1       5.0
PROD    7       1       5.0
PROD    8       1       5.0
PROD    9       1       5.0
PROD    10      1       5.0
MAT1    1       1.0E7                   0.1
$ BOUNDARY CONDITIONS AND LOADS
GRDSET                                                  3456
SPC1    100     12      5       6
FORCE   300     2               100000. 0.0     -1.0    0.0
FORCE   300     4               100000. 0.0     -1.0    0.0
$
ENDDATA
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2.5.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 

              ********************************************
              *  D E S I G N  C Y C L E      5 (ANALYSIS)*
              ********************************************
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TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -7.930170E-16 ; STRAIN ENERGY :  4.174668E+05
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TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 
STRESS CONSTRAINTS                                           LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      8.890030E-01     -4.767142E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.244934E+00     -5.664004E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      8.111706E-01     -2.277092E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -8.959787E-01     -2.685332E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       5      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       6      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   55
TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 
STRESS CONSTRAINTS                                           LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        2.253252E+04        2.253252E+04
       2        2.162009E+03        2.162009E+03
       3       -2.488830E+04       -2.488830E+04
       4       -9.693195E+03       -9.693195E+03
       5        1.134001E+04        1.134001E+04
       6        2.491283E+04        2.491283E+04
       7        2.485213E+04        2.485213E+04
       8       -2.036001E+04       -2.036001E+04
       9        1.848345E+04        1.848345E+04
      10       -4.122623E+03       -4.122623E+03
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              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.541356E+03

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-03    8.435114E+00    1.000000E+03
         5     A5          1.000000E-03    7.320242E-01    1.000000E+03
         7     A7          1.000000E-03    6.255902E+00    1.000000E+03
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LINKED DESIGN VARIABLES                                                 
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 DESIGN VARIABLE

                       DEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         2     A2          1.000000E-03    8.435114E+00    1.000000E+03
         3     A3          1.000000E-03    8.435114E+00    1.000000E+03
         4     A4          1.000000E-03    8.435114E+00    1.000000E+03
         6     A6          1.000000E-03    7.320242E-01    1.000000E+03
         8     A8          1.000000E-03    6.255902E+00    1.000000E+03
         9     A9          1.000000E-03    6.255902E+00    1.000000E+03
        10     A10         1.000000E-03    6.255902E+00    1.000000E+03
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TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    2.253252E+04  UB   2.500000E+04   A
   ROD              3    2        1   -2.488830E+04  LB  -2.500000E+04   A
   ROD              6    2        1    2.491283E+04  UB   2.500000E+04   A
   ROD              7    2        1    2.485213E+04  UB   2.500000E+04   A
   ROD              8    2        1   -2.036001E+04  LB  -2.500000E+04   I
   ROD              9    2        1    1.848345E+04  UB   2.500000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
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APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   60
TEN ROD TRUSS - 3 DESIGN VARIABLES                                      
LINKED DESIGN VARIABLES                                                 

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     2.0982E+03        63.7%
   1     2.6189E+03         9.8%
   2     2.6027E+03         0.2%
   3     2.5626E+03         0.0%
   4     2.5445E+03         0.0%
   5     2.5414E+03         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
              A1            A2            A3            A4            A5

   0     5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00 
   1     7.5000E+00    7.5000E+00    7.5000E+00    7.5000E+00    4.3162E+00 
   2     8.3397E+00    8.3397E+00    8.3397E+00    8.3397E+00    2.1581E+00 
   3     8.4265E+00    8.4265E+00    8.4265E+00    8.4265E+00    1.0790E+00 
   4     8.4361E+00    8.4361E+00    8.4361E+00    8.4361E+00    7.6904E-01 
   5     8.4351E+00    8.4351E+00    8.4351E+00    8.4351E+00    7.3202E-01 
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                 D E S I G N   V A R I A B L E   H I S T O R Y
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DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               6             7             8             9            10
              A6            A7            A8            A9           A10

   0     5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00 
   1     4.3162E+00    6.0305E+00    6.0305E+00    6.0305E+00    6.0305E+00 
   2     2.1581E+00    6.1205E+00    6.1205E+00    6.1205E+00    6.1205E+00 
   3     1.0790E+00    6.2437E+00    6.2437E+00    6.2437E+00    6.2437E+00 
   4     7.6904E-01    6.2573E+00    6.2573E+00    6.2573E+00    6.2573E+00 
   5     7.3202E-01    6.2559E+00    6.2559E+00    6.2559E+00    6.2559E+00 

                            ***** END OF OUTPUT *****
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2.6 Ten Rod Truss - Basis Design Approach

Example ID:
D006

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS

Special Statement:
Basis Designs

Problem Statement:
Same as D004 except 3 basis designs are used to control the ROD areas.

Design Problem:
Minimize mass; 3 basis design variables, 1 load case, 10 stress constraints 

Design Data Relationships:
DVAR
DRESP1
DRESP1

DVPROP1
DOBJ
DCONS
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Problem Description: 
1. Same as D004 except that three basis designs, and therefore 3 design variables, are 

used. The three basis designs are; 1) a design close to the final design achieved in 
D004; 2) a design close to the final design achieved in D005; and 3) a random 
design generated by giving each rod an area equal to its ID.

2. The three design variables are the participation coefficients of each of the basis 
designs in the actual design.

3. The basis designs are created by using a design variable coefficient equal to the 
ROD area of the basis design on the DVPROP1 data. Note that all three design 
variables are used on each DVPROP1 data.

4. The initial design variable values are 0.3, giving each basis design equal weighting 
in the initial design.

5. Note that the design variable values can be positive or negative since they are not 
areas but participation coefficients.

The relationships between the basis designs, participation coefficients, A1, A2, A3, and the areas 
of the rods can be visualized from the following equation:

BASIS 1 BASIS 2 BASIS 3

Results:
The final design mass is 1684. The final design variable value for design variable 1 is near 1.0 
while the other two are near zero. This is because basis design 1 was much better than the other 
two designs. Note that the optimum mass is near that of D004 (1589, 6.0% difference). Also note 
that design variable 3 is negative.
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2.6.1 Input Data

ID D006
CEND
$
LINE = 64,80
TITLE = TEN ROD TRUSS - THREE DESIGN VARIABLES
SUBTITLE = BASIS DESIGN APPROACH
LABEL = STRESS CONSTRAINTS
DISP = ALL
STRESS = ALL
SPC = 100
LOAD = 300
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       A1      0.3     -10.0   10.0
DVAR    2       A2      0.3     -10.0   10.0
DVAR    3       A3      0.3     -10.0   10.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
DVPROP1 1       1       1
+DP1    1       8.0     2       8.      3       1.
DVPROP1 2       2       1
+DP2    1       0.1     2       8.      3       2.
DVPROP1 3       3       1
+DP3    1       8.0     2       8.      3       3.
DVPROP1 4       4       1
+DP4    1       4.0     2       8.      3       4.
DVPROP1 5       5       1
+DP5    1       0.1     2       0.7     3       5.
DVPROP1 6       6       1
+DP6    1       0.1     2       0.7     3       6.
DVPROP1 7       7       1
+DP7    1       6.0     2       6.      3       7.
DVPROP1 8       8       1
+DP8    1       6.0     2       6.      3       8.
DVPROP1 9       9       1
+DP9    1       6.0     2       6.      3       9.
DVPROP1 10      10      1
+DP10   1       0.1     2       6.      3       10.
$ RESPONSES
DRESP1  1       S1      STRESS                  2       1       2       3
+       4       5       6       7       8       9       10
DRESP1  11      W       MASS
$ OBJECTIVE FUNCTION AND CONSTRAINTS
DOBJ    11      W               MIN
DCONS   1       ALL     -25000. 25000.
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$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               720.    360.    0.0
GRID    2               720.    0.0     0.0
GRID    3               360.    360.    0.0
GRID    4               360.    0.0     0.0
GRID    5               0.0     360.    0.0
GRID    6               0.0     0.0     0.0
$ ELEMENTS
CROD    1       1       5       3
CROD    2       2       3       1
CROD    3       3       6       4
CROD    4       4       4       2
CROD    5       5       3       4
CROD    6       6       1       2
CROD    7       7       5       4
CROD    8       8       6       3
CROD    9       9       3       2
CROD    10      10      4       1
$ PROPERTIES AND MATERIALS
PROD    1       1       5.0
PROD    2       1       5.0
PROD    3       1       5.0
PROD    4       1       5.0
PROD    5       1       5.0
PROD    6       1       5.0
PROD    7       1       5.0
PROD    8       1       5.0
PROD    9       1       5.0
PROD    10      1       5.0
MAT1    1       1.0E7                   0.1
$ BOUNDARY CONDITIONS AND LOADS
GRDSET                                                  3456
SPC1    100     12      5       6
FORCE   300     2               100000. 0.0     -1.0    0.0
FORCE   300     4               100000. 0.0     -1.0    0.0
$
ENDDATA
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2.6.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
TEN ROD TRUSS - THREE DESIGN VARIABLES                                  
BASIS DESIGN APPROACH                                                   
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
TEN ROD TRUSS - THREE DESIGN VARIABLES                                  
BASIS DESIGN APPROACH                                                   

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************
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TEN ROD TRUSS - THREE DESIGN VARIABLES                                  
BASIS DESIGN APPROACH                                                   

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  1.897770E-16 ; STRAIN ENERGY :  4.692040E+05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   56
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BASIS DESIGN APPROACH                                                   
STRESS CONSTRAINTS                                           LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      1.226458E+00     -6.039187E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.751189E+00     -6.790815E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      8.765187E-01     -2.520982E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -8.923326E-01     -2.593264E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       5      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       6      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   57
TEN ROD TRUSS - THREE DESIGN VARIABLES                                  
BASIS DESIGN APPROACH                                                   
STRESS CONSTRAINTS                                           LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        2.434774E+04        2.434774E+04
       2        9.720544E+03        9.720544E+03
       3       -2.478702E+04       -2.478702E+04
       4       -2.385713E+04       -2.385713E+04
       5        2.007819E+03        2.007819E+03
       6        2.087857E+04        2.087857E+04
       7        2.362404E+04        2.362404E+04
       8       -2.283977E+04       -2.283977E+04
       9        2.280729E+04        2.280729E+04
      10       -1.843239E+04       -1.843239E+04
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              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.684835E+03

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1         -1.000000E+01    1.005725E+00    1.000000E+01
         2     A2         -1.000000E+01    1.265124E-02    1.000000E+01
         3     A3         -1.000000E+01   -3.054638E-03    1.000000E+01
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    2.434774E+04  UB   2.500000E+04   A
   ROD              3    2        1   -2.478702E+04  LB  -2.500000E+04   A
   ROD              4    2        1   -2.385713E+04  LB  -2.500000E+04   A
   ROD              6    2        1    2.087857E+04  UB   2.500000E+04   I
   ROD              7    2        1    2.362404E+04  UB   2.500000E+04   A
   ROD              8    2        1   -2.283977E+04  LB  -2.500000E+04   A
   ROD              9    2        1    2.280729E+04  UB   2.500000E+04   A
   ROD             10    2        1   -1.843239E+04  LB  -2.500000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   60
TEN ROD TRUSS - THREE DESIGN VARIABLES                                  
BASIS DESIGN APPROACH                                                   

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     1.9691E+03        49.9%
   1     2.9399E+03         0.3%
   2     2.3616E+03         0.1%
   3     2.0479E+03         0.0%
   4     1.8602E+03         0.0%
   5     1.7585E+03         0.0%
   6     1.6848E+03         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2            A3

   0     3.0000E-01    3.0000E-01    3.0000E-01 
   1     4.4694E-01    4.5000E-01    4.4650E-01 
   2     6.7041E-01    2.8820E-01    2.2325E-01 
   3     8.6000E-01    1.4410E-01    1.1163E-01 
   4     9.3905E-01    7.9611E-02    4.6496E-02 
   5     9.7446E-01    4.6495E-02    1.4341E-02 
   6     1.0057E+00    1.2651E-02   -3.0546E-03 
***** THERE WERE       14 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.7 Cantilevered Beam - 6 Design Variables

Example ID:
D007

Design Data Used:
DVAR, DVPROP2, DEQATN, DRESP1, DOBJ, DCONS, DOPT

Special Features Used:
Nonlinear design variable to property relationship (DVPROP2 and DEQATN). Overriding of 
default convergence criteria (DOPT).

Problem Statement:
Minimize the mass of the three BAR cantilevered beam structure shown in Figure 2-3, subject to 
static stress constraints in each element, a static displacement constraint at the tip of the beam, and 
lower and upper bound frequency constraints. The six design variables are the height and width 
each of the three rectangular BAR elements areas. There is one static load case and one frequency 
load case, each with the same boundary condition. 

Figure 2-3

Design Problem:
Minimize mass: 6 sizing design variables, 1 static load case, 1 frequency load case, 6 stress con-
straints, 1 displacement constraint, 1 frequency constraint.

1 321 2 3 4

10" 10" 10"

100 lb

H

B
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Design Data Relationships: 

Problem Description: 
1. The cantilevered beam is composed of three rectangular BAR elements. The design 

variables control the base width and height of each element. The initial base is 0.5 
and the initial height is 1. 

2. The BAR areas, bending moments in the 1 plane, and stress recovery location are 
related to the cross sectional dimensions using the DVPROP2 data. The area is 
calculated by DEQATN 1000, the bending moment by DEQATN 2000, and the 
stress recovery location by DEQATN 3000.

3. The stress location that is calculated by DEQATN 3000 is C1 (item 9 on the 
DVPROP2 30x). Stress location C2 is zero. Therefore, the stress is calculated at the 
middle of the top of each end of each BAR element.

4. The stress at location C at each end of the BAR elements (items 1 and 5) are 
constrained to be less than 45000 (see DRESP1 and DCONS 1 and 2).

5. The displacement of GRID 4 in the 2 direction is constrained to be less than 2.
6. The lowest structural frequency is constrained to be greater than 30 Hz.
7. Note that on DCONS 3 and 4 the LOADCASE ID is "ALL". GENESISGENESIS 

determines whether the response is static or frequency and the applies constraints 
to all LOAD CASEs of this type. The LOAD CASES of the other type are ignored.

8. The mass response of the structure is defined on the DRESP1 data 11.
9. The objective function (DOBJ) will be the minimization of response 11; the mass 

of the structure.
10. Because the value of the objective function (mass) is so small, the absolute 

convergence criterion must be changed from its default value. Premature 
convergence will occur if this is not done. The value of CONV2 is changed from 
0.01 to 0.000001.

Results:
The final design mass is 1.25E-03. The upper bound stress constraints at end A of elements 1, 2 
and 3 are active in the final design. The lower bound on displacement is also active in the final 
design. The base dimension of each bar is at its lower limit.

DVAR

DRESP1

DRESP1

DVPROP 10

DVPROP 11

DVPROP 12

DEQATN
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2.7.1 Input Data

ID D007
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM
SUBTITLE = 6 DESIGN VARIABLES
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD
DISP = ALL
STRESS = ALL
LOAD = 300
LOADCASE 20
LABEL = RECOVER FREQUENCIES
METHOD = 20
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       B1      0.5     0.1     1.0
DVAR    2       H1      1.0     0.1     10.0
DVAR    3       B2      0.5     0.1     1.0
DVAR    4       H2      1.0     0.1     10.0
DVAR    5       B3      0.5     0.1     1.0
DVAR    6       H3      1.0     0.1     10.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$ BAR AREAS
DVPROP2 101     1       2       1000
+       DVAR    1       2
DVPROP2 102     2       2       1000
+       DVAR    3       4
DVPROP2 103     3       2       1000
+       DVAR    5       6
$ BAR BENDING MOMENTS OF INERTIA
DVPROP2 201     1       4       2000
+       DVAR    1       2
DVPROP2 202     2       4       2000
+       DVAR    3       4
DVPROP2 203     3       4       2000
+       DVAR    5       6
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$ BAR STRESS RECOVERY LOCATIONS
DVPROP2 301     1       9       3000
+       DVAR    2
DVPROP2 302     2       9       3000
+       DVAR    4
DVPROP2 303     3       9       3000
+       DVAR    6
$ EQUATIONS
DEQATN  1000    AREA(B,H)=B*H
DEQATN  2000    I1(B,H)=B*H**3/12.
DEQATN  3000    C(H)=H/2.
$ RESPONSES - STRESS AS LOCATION 1 FOR ELEMENTS WITH PROPERTIES 1,2,3
DRESP1  1       S1      STRESS                  1       1       2       3
DRESP1  2       S5      STRESS                  5       1       2       3
$ RESPONSES - 1ST FREQUENCY
DRESP1  3       FREQ1   FREQ                    1
$ RESPONSES - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       DISP4   DISP                    2       4
$ RESPONSES - SYSTEM MASS
DRESP1  11      OBJFUN  MASS
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    11
$ CONSTRAINTS - STRESS IN STATIC LOADCASE 10
DCONS   1       10      -45000. 45000.
DCONS   2       10      -45000. 45000.
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   4       ALL     -2.     2.
$ CONSTRAINTS - FREQUENCY CONSTRAINT IN FREQUENCY LOADCASE 20
DCONS   3       ALL     30.
$ OPTIMIZATION PARAMETERS - CHANGE THE VALUE OF CONV2 SINCE THE
$ OBJECTIVE FUNCTION IS RELATIVELY SMALL
DOPT    10
+       CONV2   .000001
$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               0.0
GRID    2               10.
GRID    3               20.
GRID    4               30.
$ ELEMENTS
CBAR    1       1       1       2               1.
CBAR    2       2       2       3               1.
CBAR    3       3       3       4               1.
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$ PROPERTIES AND MATERIALS
PBAR    1       1       0.5     .0417   .0104
PBAR    2       1       0.5     .0417   .0104
PBAR    3       1       0.5     .0417   .0104
MAT1    1       1.0E7                   0.101
PARAM,WTMASS,.00259
$ BOUNDARY CONDITIONS AND LOADS
GRDSET                                                  1345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
$ FREQUENCY CALCULATION PARAMETERS
EIGR    20      SUB                             1
$
ENDDATA
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2.7.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

              ********************************************
              *  D E S I G N  C Y C L E      3 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.253979E-03

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     B1          1.000000E-01    1.000000E-01    1.000000E+00
         2     H1          1.000000E-01    2.003007E+00    1.000000E+01
         3     B2          1.000000E-01    1.000000E-01    1.000000E+00
         4     H2          1.000000E-01    1.634242E+00    1.000000E+01
         5     B3          1.000000E-01    1.000000E-01    1.000000E+00
         6     H3          1.000000E-01    1.156434E+00    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR              1    1       10    4.486499E+04  UB   4.500000E+04   A
   BAR              2    1       10    4.493127E+04  UB   4.500000E+04   A
   BAR              3    1       10    4.486518E+04  UB   4.500000E+04   A
   BAR              1    5       10    2.990999E+04  UB   4.500000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

 CONSTRAINT

                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    4   2        10   -1.845887E+00  LB  -2.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.9239E-03         8.0%
   1     2.3221E-03         0.0%
   2     1.4154E-03         0.0%
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   3     1.2540E-03         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
              B1            H1            B2            H2            B3

   0     5.0000E-01    1.0000E+00    5.0000E-01    1.0000E+00    5.0000E-01 
   1     2.5000E-01    1.4322E+00    2.5000E-01    1.1158E+00    2.5000E-01 
   2     1.2500E-01    1.8314E+00    1.2500E-01    1.4628E+00    1.2500E-01 
   3     1.0000E-01*   2.0030E+00    1.0000E-01*   1.6342E+00    1.0000E-01*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   55
3 BAR CANTILEVERED BEAM                                                 
6 DESIGN VARIABLES                                                      

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               6
              H3

   0     1.0000E+00 
   1     1.0027E+00 
   2     1.0343E+00 
   3     1.1564E+00 

                            ***** END OF OUTPUT *****
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2.8 Cantilevered Plate - One Design Variable

Example ID:
D008

Design Data Used:
DVAR, DVPROP1, DVPROP2, DEQATN, DRESP1, DCONS, DOBJ

Special Features Used: 
Nonlinear design variable to property relationship (DVPROP2 and DEQATN).

Problem Statement:
Minimize the volume of a four QUAD4 element cantilevered plate subject to stress and displace-
ment constraints.

Figure 2-4

Design Problem:
Minimize volume; 1 design variable, 1 load case, 1 displacement constraint, and 4 stress con-
straints.

1000 lb

1000 lb
1.0

4.0
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Design Data Relationships:

Problem Description:
1. The structure consists of a four QUAD4 element cantilevered plate subject to point 

loads of 1000. at both of the tip grid points.
2. The volume of the structure, specified on DRESP1 11, is to be minimized (DOBJ 

11).
3. The displacement of the tip of the structure, specified by grid 10 in the 3 direction 

on DRESP1 1, is constrained to be less than 0.1 (DCONS 1).
4. The major principle stress on the top surface of the QUAD4 elements (stress item 

code 10) is constrained to be less than 50000. See DRESP1 and DCONS 101.
5. Four plate element properties will be controlled by the single design variable. These 

are the membrane thickness, bending stiffness parameter, and the stress recovery 
distances on the top and bottom surfaces.

6. The element membrane thickness has a one to one relationship with the design 
variable as defined on DVPROP1 100.

7. The bending stiffness parameter is calculated from the design variable value using 
the equation defined with DEQATN 2000 and DVPROP2 201.

8. The stress recovery distances are calculated from the design variable value using 
the equations defined with DEQATN 3000 and 4000 and with DVPROP2 301 and 
302.

9. Note that in GENESISGENESIS the bending stiffness parameter and stress recovery 
distances are not automatically updated when the membrane thickness is changed. 
A simplified method for designing with plate elements is presented in the next 
demonstration problem (D009).

Results:
The volume of the structure is reduced from 4.0 to 3.67. The stress constraint in the element at the 
root of the plate is active in the final design.

DVAR

DRESP1

DRESP1

DVPROP2

DOBJ

DCONS

DEQATN

DVAR DVPROP1
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2.8.1 Input Data

ID D008
CEND
$
LINE = 64,80
TITLE = 4 QUAD4 CANTILEVERED BEAM
SUBTITLE = 1 DESIGN VARIABLE
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD
LOAD = 300
DISP = ALL
STRESS = ALL
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       THICKNS 1.0     0.1     10.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$ THICKNESS - LINEAR RELATIONSHIP USING DVPROP1
DVPROP1 100     1       2
+       1
$ PLATE BENDING STIFFNESS - NONLINEAR RELATIONSHIP USING DVPROP2
DVPROP2 201     1       3       2000
+       DVAR    1
$ PLATE STRESS RECOVERY LOCATIONS - LINEAR RELATIONSHIP USING DVPROP2
DVPROP2 301     1       6       3000
+       DVAR    1
DVPROP2 302     1       5       4000
+       DVAR    1
$ EQUATIONS
DEQATN  2000    D(T)=T**3/12.
DEQATN  3000    C1(T)=T/2.
DEQATN  4000    C2(T)=-T/2.
$ RESPONSES - DISPLACEMENT IN DIRECTION 3 OF GRID 10
DRESP1  1       S1      DISP                    3       10
$ RESPONSES - STRESS AS LOCATION 10 FOR ELEMENTS WITH PROPERTIES 1
DRESP1  101     S5      STRESS                  10      1
$ RESPONSES - SYSTEM MASS
DRESP1  11      OBJFUN  VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    11
$ CONSTRAINTS - STRESS IN STATIC LOADCASE 10
DCONS   101     10              50000.
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   1       ALL     -0.1    0.1
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$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               0.0     0.0
GRID    2               1.0     0.0
GRID    3               0.0     1.0
GRID    4               1.0     1.0
GRID    5               0.0     2.0
GRID    6               1.0     2.0
GRID    7               0.0     3.0
GRID    8               1.0     3.0
GRID    9               0.0     4.0
GRID    10              1.0     4.0
$ ELEMENTS
CQUAD4  1       1       1       2       4       3
CQUAD4  2       1       3       4       6       5
CQUAD4  3       1       5       6       8       7
CQUAD4  4       1       7       8       10      9
$ PROPERTIES AND MATERIALS
PSHELL  1       1       1.0     1
MAT1    1       1.0E7           .3
$ BOUNDARY CONDITIONS AND LOADS
SPC1    100     123456  1       2
FORCE   300     9               1000.   0.0     0.0     -1.0
FORCE   300     10              1000.   0.0     0.0     -1.0
$
ENDDATA
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2.8.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   28
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

              ********************************************
              *  D E S I G N  C Y C L E      1 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   29
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL :  1.081639E-14 ; STRAIN ENERGY :  6.472396E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   30
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       
STATIC LOAD                                                  LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00     -5.352652E-03
             -1.040980E-02      1.751753E-03      0.000000E+00

       4      0.000000E+00      0.000000E+00     -5.352652E-03
             -1.040980E-02     -1.751753E-03      0.000000E+00

       5      0.000000E+00      0.000000E+00     -1.996470E-02
             -1.825492E-02      8.646480E-04      0.000000E+00

       6      0.000000E+00      0.000000E+00     -1.996470E-02
             -1.825492E-02     -8.646480E-04      0.000000E+00
88 Design Examples Manual November 2009 GENESIS



Design Examples: Sizing and Shape
       7      0.000000E+00      0.000000E+00     -4.079300E-02
             -2.289159E-02      4.705533E-04      0.000000E+00

       8      0.000000E+00      0.000000E+00     -4.079300E-02
             -2.289159E-02     -4.705533E-04      0.000000E+00

       9      0.000000E+00      0.000000E+00     -6.472396E-02
             -2.445649E-02      3.897498E-05      0.000000E+00

      10      0.000000E+00      0.000000E+00     -6.472396E-02
             -2.445649E-02     -3.897498E-05      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   31
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       
STATIC LOAD                                                  LOADCASE        10

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

       1     1    2.146731E+04   4.677729E+04  -6.915398E+03  -4.985002E+04
                 -6.915398E+03  -4.985002E+04  -2.449677E-10
             2    2.146731E+04   4.677729E+04   4.985002E+04   6.915398E+03
                  6.915398E+03   4.985002E+04   2.449677E-10

       2     1    1.846644E+04   3.628819E+04   1.325732E+03  -3.560716E+04
                  1.325732E+03  -3.560716E+04  -2.694645E-10
             2    1.846644E+04   3.628819E+04   3.560716E+04  -1.325732E+03
                 -1.325732E+03   3.560716E+04   2.694645E-10

       3     1    1.054143E+04   2.122498E+04  -2.814301E+02  -2.136429E+04
                 -2.814301E+02  -2.136429E+04  -1.959742E-10
             2    1.054143E+04   2.122498E+04   2.136429E+04   2.814301E+02
                  2.814301E+02   2.136429E+04   1.959742E-10

       4     1    3.661732E+03   7.224567E+03   2.020321E+02  -7.121432E+03
                  2.020321E+02  -7.121432E+03  -1.469806E-10
             2    3.661732E+03   7.224567E+03   7.121432E+03  -2.020321E+02
                 -2.020321E+02   7.121432E+03   1.469806E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   32
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       
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              ********************************************
              *  D E S I G N  C Y C L E      1 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.671571E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     THICKNS     1.000000E-01    9.178928E-01    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   33
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1   10       10    4.985002E+04  UB   5.000000E+04   A
   QUAD4            2   10       10    3.560716E+04  UB   5.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   34
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

 CONSTRAINT

                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
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  --------------------------------------------------------------------------
-
                   10   3        10   -6.472396E-02  LB  -1.000000E-01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   35
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   36
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.0000E+00         0.0%
   1     3.6716E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   37
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE                                                       

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
         THICKNS
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   0     1.0000E+00 
   1     9.1789E-01 

                            ***** END OF OUTPUT *****
92 Design Examples Manual November 2009 GENESIS



Design Examples: Sizing and Shape
2.9 Cantilevered Plate - Design Element Library

Example ID:
D009

Design Data Used:
DVAR, DVPROP3, DRESP1, DCONS, DOBJ

Special Features Used:
Design element library (DVPROP3).

Problem Statement:
Same as D008.

Design Problem:
Same as D008.

Design Data Relationships:

Problem Description:
Same as D008 except that;

1. All four QUAD4 element properties are controlled by the design variable through 
a single design variable to property relationship (DVPROP3). DVPROP3 1 
specifies to use the SOLID plate element section property relationships. The design 
variable ID is 1. Note that the data preparation is much easier when the DVPROP3 
data is used rather than the DVPROP2 data used in example problem D008.

Results:
The volume of the structure is reduced from 4.0 to 3.67. The stress constraint in the element at the 
root of the plate is active in the final design. Note that this result is the same as that of D008.

DVAR

DRESP1

DRESP1

DVPROP3

DOBJ

DCONS
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2.9.1 Input Data

ID D009
CEND
$
LINE = 64,80
TITLE = 4 QUAD4 CANTILEVERED BEAM
SUBTITLE = 1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD
LOAD = 300
DISP = ALL
STRESS = ALL
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       THICKNS 1.0     0.1     10.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
DVPROP3 1       1       SOLID
+       1
$ RESPONSES - DISPLACEMENT IN DIRECTION 3 OF GRID 10
DRESP1  1       S1      DISP                    3       10
$ RESPONSES - STRESS AS LOCATION 10 FOR ELEMENTS WITH PROPERTIES 1
DRESP1  101     S5      STRESS                  10      1
$ RESPONSES - SYSTEM MASS
DRESP1  11      OBJFUN  VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    11
$ CONSTRAINTS - STRESS IN STATIC LOADCASE 10
DCONS   101     10              50000.
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   1       ALL     -0.1    0.1
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$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               0.0     0.0
GRID    2               1.0     0.0
GRID    3               0.0     1.0
GRID    4               1.0     1.0
GRID    5               0.0     2.0
GRID    6               1.0     2.0
GRID    7               0.0     3.0
GRID    8               1.0     3.0
GRID    9               0.0     4.0
GRID    10              1.0     4.0
$ ELEMENTS
CQUAD4  1       1       1       2       4       3
CQUAD4  2       1       3       4       6       5
CQUAD4  3       1       5       6       8       7
CQUAD4  4       1       7       8       10      9
$ PROPERTIES AND MATERIALS
PSHELL  1       1       1.0     1
MAT1    1       1.0E7           .3
$ BOUNDARY CONDITIONS AND LOADS
SPC1    100     123456  1       2
FORCE   300     9               1000.   0.0     0.0     -1.0
FORCE   300     10              1000.   0.0     0.0     -1.0
$
ENDDATA
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2.9.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   29
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

              ********************************************
              *  D E S I G N  C Y C L E      1 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.671571E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     THICKNS     1.000000E-01    9.178928E-01    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   30
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1   10       10    4.985002E+04  UB   5.000000E+04   A
   QUAD4            2   10       10    3.560716E+04  UB   5.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   31
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

 CONSTRAINT
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                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                   10   3        10   -6.472396E-02  LB  -1.000000E-01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   32
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   33
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.0000E+00         0.0%
   1     3.6716E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   34
4 QUAD4 CANTILEVERED BEAM                                               
1 DESIGN VARIABLE - DVPROP3 RELATIONSHIP                                

                 D E S I G N   V A R I A B L E   H I S T O R Y
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DESIGN     DESIGN
CYCLE     VARIABLE
               1
         THICKNS

   0     1.0000E+00 
   1     9.1789E-01 

                            ***** END OF OUTPUT *****
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2.10 Portal Frame - Design Element Library

Example ID:
D010

Design Data Used:
DVAR, DVPROP3, DRESP1, DCONS, DOBJ

Special Features Used:
Design element library (DVPROP3).

Problem Statement:
Minimize the volume of a three bar portal frame subject to stress and displacement constraints.

Figure 2-5
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Design Problem:
Minimize volume; 18 design variables, 2 load cases, 8 displacement constraints, and 48 stress 
constraints.

Design Data Relationships:

Problem Description:
1. The structure consists of a three BAR element portal frame subject to a point load 

in the first load case and a concentrated moment in the second
2. The rail cross section bar element section properties are calculated from the design 

variable values specified for the cross sectional dimensions on the DVPROP3 data. 
The relationships between the cross sectional dimensions and the section properties 
are presented with the DVPROP3 data described in Volume II.

3. Each of the three RAIL elements has six independent cross sectional dimensions. 
This results in a total of 18 design variables.

4. The volume of the structure, specified on DRESP1 21, is to be minimized (DOBJ 
21).

5. The displacement in the 1 direction and the rotation in the 6 direction at grid point 
3 are constrained in both load cases to be less than 4.0 and 0.015 respectively.

6. The axial stresses on the top and bottom at each end of the three bar elements (item 
codes 1, 2, 8, and 9) are constrained to be below 20000. (see DRESP1 and DCONS 
1 to 12).

7. The stress item codes for the design element library elements (DVPROP3 elements) 
are found in the Users Manual along with the DVPROP3 data format.

Results:
The volume of the structure is reduced from 280,000 to 44,849 in 4 design cycles. The displace-
ment constraint in load case 1and the rotational constraint in load case 2, as well as seven stress 
constraints are active in the final design.

DVAR

DRESP1

DRESP1

DVPROP3

DOBJ

DCONS
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2.10.1 Input Data

ID D010
CEND
LINE=64,80
TITLE = DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES
SUBTITLE = STRESS, AND DISPLACEMENT CONSTRAINTS
DISP = ALL
STRESS = ALL
FORCE = ALL
SPC = 100
SUBCASE 1
LABEL = A FORCE AT NODE 3
LOAD = 300
SUBCASE 2
LABEL = A MOMENT AT NODE 3
LOAD = 310
BEGIN BULK
DOPT    20
$
$ DESIGN DATA
$
$ DESIGN VARIABLES
DVAR, 1,  1B1,15.0, 5.0, 50.0
DVAR, 2, 1TF1, 1.0, 0.1,  5.0
DVAR, 3,  1B2,15.0, 5.0, 50.0
DVAR, 4, 1TF2, 1.0, 0.1,  5.0
DVAR, 5,   1H,50.0,25.0,100.0      
DVAR, 6,  1TW, 1.0, 0.1,  5.0
DVAR, 7,  2B1,15.0, 5.0, 50.0
DVAR, 8, 2TF1, 1.0, 0.1,  5.0
DVAR, 9,  2B2,15.0, 5.0, 50.0
DVAR,10, 2TF2, 1.0, 0.1,  5.0
DVAR,11,   2H,50.0,25.0,100.0      
DVAR,12,  2TW, 1.0, 0.1,  5.0
DVAR,13,  3B1,15.0, 5.0, 50.0
DVAR,14, 3TF1, 1.0, 0.1,  5.0
DVAR,15,  3B2,15.0, 5.0, 50.0
DVAR,16, 3TF2, 1.0, 0.1,  5.0
DVAR,17,   3H,50.0,25.0,100.0      
DVAR,18,  3TW, 1.0, 0.1,  5.0
$ - DESIGN VARIABLE TO PROPERTY RELATIONSHIPS - NONLINEAR
DVPROP3 1       1       RAIL
+       1       2       3       4       5       6
DVPROP3 2       2       RAIL
+       7       8       9       10      11      12
DVPROP3 3       3       RAIL
+       13      14      15      16      17      18
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$ OBJECTIVE FUNCTION
DRESP1  21              VOLUME
DESOBJ  21      V               MIN
$ STRESS CONSTRAINTS
DRESP1  1       S1      STRESS  PBAR            1       1
DRESP1  2       S2      STRESS  PBAR            2       1
DRESP1  3       S3      STRESS  PBAR            8       1
DRESP1  4       S4      STRESS  PBAR            9       1
DRESP1  5       S5      STRESS  PBAR            1       2
DRESP1  6       S6      STRESS  PBAR            2       2
DRESP1  7       S7      STRESS  PBAR            8       2
DRESP1  8       S8      STRESS  PBAR            9       2
DRESP1  9       S9      STRESS  PBAR            1       3
DRESP1  10      S10     STRESS  PBAR            2       3
DRESP1  11      S11     STRESS  PBAR            8       3
DRESP1  12      S12     STRESS  PBAR            9       3
DCONS   1       ALL     -20000. 20000.
DCONS   2       ALL     -20000. 20000.
DCONS   3       ALL     -20000. 20000.
DCONS   4       ALL     -20000. 20000.
DCONS   5       ALL     -20000. 20000.
DCONS   6       ALL     -20000. 20000.
DCONS   7       ALL     -20000. 20000.
DCONS   8       ALL     -20000. 20000.
DCONS   9       ALL     -20000. 20000.
DCONS   10      ALL     -20000. 20000.
DCONS   11      ALL     -20000. 20000.
DCONS   12      ALL     -20000. 20000.
$ DISPLACEMENT CONSTRAINTS
DRESP1  13      D3      DISP                    1       3
DRESP1  14      THETA3  DISP                    6       3
DCONS   13      ALL     -4.0    4.0
DCONS   14      ALL     -0.015  0.015
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$
$ ANALYSIS DATA
$
GRDSET                                                  345
MAT1    51      7.06E6           0.33    0.1
SPC1    100     123456  1       4
GRID    1               0.0     500.    0.0
GRID    2               0.0     1000.   0.0
GRID    3               1000.   1000.   0.0
GRID    4               1000.   0.0     0.0
CBAR    1       1       1       2       0.0     0.0     -1.0
CBAR    2       2       2       3       0.0     0.0     -1.0
CBAR    3       3       3       4       0.0     0.0     -1.0
PBAR, 1, 51, 112.0, 4969.33, 50737.33
PBAR, 2, 51, 112.0, 4969.33, 50737.33
PBAR, 3, 51, 112.0, 4969.33, 50737.33
FORCE   300     3               50000.0 1.0     0.0     0.0
MOMENT  310     3               20.E6   0.0     0.0     -1.0
ENDDATA
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2.10.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   69
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

              ********************************************
              *  D E S I G N  C Y C L E      4 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  4.489806E+04

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     1B1         5.000000E+00    6.838254E+00    5.000000E+01
         2     1TF1        1.000000E-01    4.429880E-01    5.000000E+00
         3     1B2         5.000000E+00    6.856797E+00    5.000000E+01
         4     1TF2        1.000000E-01    4.462399E-01    5.000000E+00
         5     1H          2.500000E+01    9.999930E+01    1.000000E+02
         6     1TW         1.000000E-01    1.000080E-01    5.000000E+00
         7     2B1         5.000000E+00    5.981357E+00    5.000000E+01
         8     2TF1        1.000000E-01    2.839188E-01    5.000000E+00
         9     2B2         5.000000E+00    6.213962E+00    5.000000E+01
        10     2TF2        1.000000E-01    3.185151E-01    5.000000E+00
        11     2H          2.500000E+01    9.998930E+01    1.000000E+02
        12     2TW         1.000000E-01    1.000020E-01    5.000000E+00
        13     3B1         5.000000E+00    5.487379E+00    5.000000E+01
        14     3TF1        1.000000E-01    2.698092E-01    5.000000E+00
        15     3B2         5.000000E+00    6.051445E+00    5.000000E+01
        16     3TF2        1.000000E-01    3.049463E-01    5.000000E+00
        17     3H          2.500000E+01    9.640592E+01    1.000000E+02
        18     3TW         1.000000E-01    1.000000E-01    5.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   70
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

 CONSTRAINT
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                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR              1    1        1    1.989408E+04  UB   2.000000E+04   A
   BAR              1    2        1   -1.912906E+04  LB  -2.000000E+04   A
   BAR              2    2        1    1.451713E+04  UB   2.000000E+04   I
   BAR              2    8        2    1.989389E+04  UB   2.000000E+04   A
   BAR              2    9        2   -1.954907E+04  LB  -2.000000E+04   A
   BAR              3    1        2   -1.986939E+04  LB  -2.000000E+04   A
   BAR              3    2        2    1.981043E+04  UB   2.000000E+04   A
   BAR              3    9        2   -1.098229E+04  LB  -2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   71
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

 CONSTRAINT

                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    3   1         1    3.974665E+00  UB   4.000000E+00   A
                    3   6         2   -1.489266E-02  LB  -1.500000E-02   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   72
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   73
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     2.8000E+05         0.0%
   1     1.7799E+05         0.0%
   2     1.2136E+05         0.0%
   3     5.8479E+04         0.0%
   4     4.4898E+04         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   74
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, AND DISPLACEMENT CONSTRAINTS                                    

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
             1B1          1TF1           1B2          1TF2            1H

   0     1.5000E+01    1.0000E+00    1.5000E+01    1.0000E+00    5.0000E+01 
   1     1.2044E+01    1.0059E+00    1.2044E+01    1.0059E+00    4.9324E+01 
   2     1.0114E+01    8.7325E-01    1.0114E+01    8.7325E-01    5.8582E+01 
   3     7.2767E+00    5.5011E-01    7.2767E+00    5.5011E-01    8.7873E+01 
   4     6.8383E+00    4.4299E-01    6.8568E+00    4.4624E-01    9.9999E+01 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   75
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STRESS, AND DISPLACEMENT CONSTRAINTS                                    

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
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               6             7             8             9            10
             1TW           2B1          2TF1           2B2          2TF2

   0     1.0000E+00    1.5000E+01    1.0000E+00    1.5000E+01    1.0000E+00 
   1     5.0000E-01    1.2014E+01    1.0134E+00    1.2014E+01    1.0134E+00 
   2     2.5000E-01    1.0108E+01    8.7491E-01    1.0108E+01    8.7491E-01 
   3     1.0001E-01    7.1545E+00    5.6784E-01    7.1545E+00    5.6784E-01 
   4     1.0001E-01    5.9814E+00    2.8392E-01    6.2140E+00    3.1852E-01 
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              11            12            13            14            15
              2H           2TW           3B1          3TF1           3B2

   0     5.0000E+01    1.0000E+00    1.5000E+01    1.0000E+00    1.5000E+01 
   1     4.1509E+01    5.0000E-01    1.2014E+01    1.0134E+00    1.2014E+01 
   2     5.0628E+01    2.5001E-01    1.0106E+01    8.7540E-01    1.0106E+01 
   3     7.5942E+01    1.0001E-01    6.8742E+00    5.3962E-01    6.8742E+00 
   4     9.9989E+01    1.0000E-01    5.4874E+00    2.6981E-01    6.0514E+00 
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
              16            17            18
            3TF2            3H           3TW

   0     1.0000E+00    5.0000E+01    1.0000E+00 
   1     1.0134E+00    4.1509E+01    5.0000E-01 
   2     8.7540E-01    4.7466E+01    2.5000E-01 
   3     5.3962E-01    7.1198E+01    1.0000E-01*
   4     3.0495E-01    9.6406E+01    1.0000E-01*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.11 Portal Frame - Synthetic Responses

Example ID:
D011

Design Data Used
 DVAR, DVPROP3, DRESP1, DRESP2, DEQATN, DCONS, DSCREEN, DOBJ, DOPT

Special Features Used:
Design element library (DVPROP3). DRESP2 for local buckling constraints. DSCREEN to over-
ride default constraint screening threshold.

Problem Statement:
Same as D010 except that local buckling constraints have been added.

Design Problem:
Same as D010 with the addition of 30 local buckling constraints.

Design Data Relationships:

DVAR

DRESP1

DRESP1

DVPROP3

DOBJ

DCONS

DEQATN DRESP2 DCONS

DVAR

DRESP1
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Problem Description:
Same as D010 except that;

1. Flange buckling constraints for the top and bottom of each end of each element have 
been added. The constraint is stated as:

where C1 = 10.123x106 and σ is the axial stress in the flange. The buckling response 
is calculated using DRESP2 15 through 20 and 115 through 120 in which the stress 
in the flange and three element cross sectional dimensions are passed to DEQATN 
1.
A web buckling constraint for each element has been added. The constraint is stated 
as:

where C2 = 69.5934x106 and S is the shear force in the flange. The buckling 
response is calculated using DRESP2 22 through 24 in which the stress in the web 
force and two element cross sectional dimensions are passed to DEQATN 5.

2. The constraint screening threshold for equation constraints is lowered from -0.5 to 
-0.8 using the DSCREEN data. This is because buckling constraints are quite 
sensitive to small changes in the design which may cause unretained constraints in 
one design cycle to be highly violated in the next.

Results:
The volume of the structure is reduced from 280,000 to93,482 in 9 design cycles. Note the 
increased volume of the optimum design as compared with D010 due to the additional design 
constraints. The translational displacement constraint in load case 1 and the rotational displace-
ment constraint in load case 2 are active in the final design. Nine web buckling constraints are 
also active in the final design.

σ
σcr
-------

σ 2B Tw+( )

C1T2
-----------------------------= 1.0≤

τ
τcr
------ 3H S

C2T3
--------------= 1.0≤
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2.11.1 Input Data

ID D011
CEND
LINE=64,80
TITLE = DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES
SUBTITLE = STRESS, DISPLACEMENT,& BUCKLING CONSTRAINTS (LAS 9/26/97)
APRINT = FLAST
DPRINT = FLAST
ECHO = UNSORT
SUMMARY = YES
DISP = ALL
STRESS = ALL
FORCE = ALL
SPC = 100
SUBCASE 1
LABEL = A FORCE AT NODE 3
LOAD = 300
SUBCASE 2
LABEL = A MOMENT AT NODE 3
LOAD = 310
BEGIN BULK
$
$ DESIGN DATA
$
$ DESIGN VARIABLES
DVAR, 1,  1B1,15.0, 5.0, 50.0
DVAR, 2, 1TF1, 1.0, 0.1,  5.0
DVAR, 3,  1B2,15.0, 5.0, 50.0
DVAR, 4, 1TF2, 1.0, 0.1,  5.0
DVAR, 5,   1H,50.0,25.0,100.0      
DVAR, 6,  1TW, 1.0, 0.1,  5.0
DVAR, 7,  2B1,15.0, 5.0, 50.0
DVAR, 8, 2TF1, 1.0, 0.1,  5.0
DVAR, 9,  2B2,15.0, 5.0, 50.0
DVAR,10, 2TF2, 1.0, 0.1,  5.0
DVAR,11,   2H,50.0,25.0,100.0      
DVAR,12,  2TW, 1.0, 0.1,  5.0
DVAR,13,  3B1,15.0, 5.0, 50.0
DVAR,14, 3TF1, 1.0, 0.1,  5.0
DVAR,15,  3B2,15.0, 5.0, 50.0
DVAR,16, 3TF2, 1.0, 0.1,  5.0
DVAR,17,   3H,50.0,25.0,100.0      
DVAR,18,  3TW, 1.0, 0.1,  5.0
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$ - DESIGN VARIABLE TO PROPERTY RELATIONSHIPS - NONLINEAR
DVPROP3 1       1       RAIL
+       1       2       3       4       5       6
DVPROP3 2       2       RAIL
+       7       8       9       10      11      12
DVPROP3 3       3       RAIL
+       13      14      15      16      17      18
$ OBJECTIVE FUNCTION
DRESP1  21              VOLUME
DESOBJ  21      V               MIN
$ NORMAL STRESS CONSTRAINTS (SIG)
DRESP1  1       S1      STRESS  PBAR            1       1
DRESP1  2       S2      STRESS  PBAR            2       1
DRESP1  3       S3      STRESS  PBAR            8       1
DRESP1  4       S4      STRESS  PBAR            9       1
DRESP1  5       S5      STRESS  PBAR            1       2
DRESP1  6       S6      STRESS  PBAR            2       2
DRESP1  7       S7      STRESS  PBAR            8       2
DRESP1  8       S8      STRESS  PBAR            9       2
DRESP1  9       S9      STRESS  PBAR            1       3
DRESP1  10      S10     STRESS  PBAR            2       3
DRESP1  11      S11     STRESS  PBAR            8       3
DRESP1  12      S12     STRESS  PBAR            9       3
DCONS   1       ALL     -20000. 20000.
DCONS   2       ALL     -20000. 20000.
DCONS   3       ALL     -20000. 20000.
DCONS   4       ALL     -20000. 20000.
DCONS   5       ALL     -20000. 20000.
DCONS   6       ALL     -20000. 20000.
DCONS   7       ALL     -20000. 20000.
DCONS   8       ALL     -20000. 20000.
DCONS   9       ALL     -20000. 20000.
DCONS   10      ALL     -20000. 20000.
DCONS   11      ALL     -20000. 20000.
DCONS   12      ALL     -20000. 20000.
$ SHEAR STRESS CONSTRAINTS (TAU) ( SAME AT BOTH ENDS- USE 5 ONLY )
DRESP1, 201, TAU1, STRESS, PBAR, , 5,1
DRESP1, 202, TAU2, STRESS, PBAR, , 5,2
DRESP1, 203, TAU3, STRESS, PBAR, , 5,3
DCONS, 201, ALL, -11600.0, +11600.0
DCONS, 202, ALL, -11600.0, +11600.0
DCONS, 203, ALL, -11600.0, +11600.0
$ DISPLACEMENT CONSTRAINTS
DRESP1  13      D3      DISP                    1       3
DRESP1  14      THETA3  DISP                    6       3
DCONS   13      ALL     -4.0    4.0
DCONS   14      ALL     -0.015  0.015
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$ FLANGE BUCKLING CONSTRAINTS FOR BAR 1
DEQATN  1       G(B,T,TW,SIG) = -(SIG*((2.0*B+TW)**2))/(10.123E6*(T**2))
DRESP2  15      B1A     1
+DR151  DVAR    3       4       6
+DR153  DRESP1  1
DRESP2  16      B1B     1
+DR161  DVAR    1       2       6
+DR163  DRESP1  2
DRESP2  115     B1A     1
+DR151  DVAR    3       4       6
+DR153  DRESP1  3
DRESP2  116     B1B     1
+DR161  DVAR    1       2       6
+DR163  DRESP1  4
DCONS   15      ALL     -1.0E30 1.0
DCONS   16      ALL     -1.0E30 1.0
DCONS   115     ALL     -1.0E30 1.0
DCONS   116     ALL     -1.0E30 1.0
$ FLANGE BUCKLING CONSTRAINTS FOR BAR 2
DRESP2  17      B2A     1
+DR171  DVAR    9       10      12
+DR173  DRESP1  5
DRESP2  18      B2B     1
+DR181  DVAR    7       8       12
+DR183  DRESP1  6
DRESP2  117     B2A     1
+DR171  DVAR    9       10      12
+DR173  DRESP1  7
DRESP2  118     B2B     1
+DR181  DVAR    7       8       12
+DR183  DRESP1  8
DCONS   17      ALL     -1.0E30 1.0
DCONS   18      ALL     -1.0E30 1.0
DCONS   117     ALL     -1.0E30 1.0
DCONS   118     ALL     -1.0E30 1.0
$ FLANGE BUCKLING CONSTRAINTS FOR BAR 3
DRESP2  19      B3A     1
+DR191  DVAR    15      16      18
+DR193  DRESP1  9
DRESP2  20      B3B     1
+DR201  DVAR    13      14      18
+DR203  DRESP1  10
DRESP2  119     B3A     1
+DR191  DVAR    15      16      18
+DR193  DRESP1  11
DRESP2  120     B3B     1
+DR201  DVAR    13      14      18
+DR203  DRESP1  12
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DCONS   19      ALL     -1.0E30 1.0
DCONS   20      ALL     -1.0E30 1.0
DCONS   119     ALL     -1.0E30 1.0
DCONS   120     ALL     -1.0E30 1.0
$ WEB SHEAR LIMITS
DRESP1  35      V1      FORCE   PBAR            3       1
DRESP1  36      V1      FORCE   PBAR            3       2
DRESP1  37      V1      FORCE   PBAR            3       3
DEQATN  5       SH(H,T,S)=(3.0*H*ABS(S))/(69.5934E6*(T**3))
DRESP2  22      HB1     5
+DR221  DVAR    5       6
+DR222  DRESP1  35
DRESP2  23      HB2     5
+DR231  DVAR    11      12
+DR232  DRESP1  36
DRESP2  24      HB3     5
+DR241  DVAR    17      18
+DR242  DRESP1  37
DCONS   22      ALL     -1.0E30 1.0
DCONS   23      ALL     -1.0E30 1.0
DCONS   24      ALL     -1.0E30 1.0
$
DSCREEN EQUA    -0.8
DOPT,20    
$
$ ANALYSIS DATA
$
GRDSET                                                  345
MAT1    51      7.0E6           0.30    0.1
SPC1    100     123456  1       4
GRID    1               0.0     500.    0.0
GRID    2               0.0     1000.   0.0
GRID    3               1000.   1000.   0.0
GRID    4               1000.   0.0     0.0
CBAR    1       1       1       2       0.0     0.0     -1.0
CBAR    2       2       2       3       0.0     0.0     -1.0
CBAR    3       3       3       4       0.0     0.0     -1.0
PBAR, 1, 51, 112.0, 4969.33, 50737.33
PBAR, 2, 51, 112.0, 4969.33, 50737.33
PBAR, 3, 51, 112.0, 4969.33, 50737.33
FORCE   300     3               50000.0 1.0     0.0     0.0
MOMENT  310     3               20.E6   0.0     0.0     -1.0
ENDDATA
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2.11.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, DISPLACEMENT,& BUCKLING CONSTRAINTS (LAS 9/26/97)               
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              ********************************************
              *  D E S I G N  C Y C L E     15 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  8.938896E+04

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     1B1         5.000000E+00    5.000021E+00    5.000000E+01
         2     1TF1        1.000000E-01    4.361375E-01    5.000000E+00
         3     1B2         5.000000E+00    5.232174E+00    5.000000E+01
         4     1TF2        1.000000E-01    3.428972E-01    5.000000E+00
         5     1H          2.500000E+01    7.875456E+01    1.000000E+02
         6     1TW         1.000000E-01    5.511256E-01    5.000000E+00
         7     2B1         5.000000E+00    5.000000E+00    5.000000E+01
         8     2TF1        1.000000E-01    4.194280E-01    5.000000E+00
         9     2B2         5.000000E+00    5.101815E+00    5.000000E+01
        10     2TF2        1.000000E-01    3.569783E-01    5.000000E+00
        11     2H          2.500000E+01    9.999899E+01    1.000000E+02
        12     2TW         1.000000E-01    4.566943E-01    5.000000E+00
        13     3B1         5.000000E+00    5.001137E+00    5.000000E+01
        14     3TF1        1.000000E-01    2.609256E-01    5.000000E+00
        15     3B2         5.000000E+00    5.000000E+00    5.000000E+01
        16     3TF2        1.000000E-01    3.102925E-01    5.000000E+00
        17     3H          2.500000E+01    3.176924E+01    1.000000E+02
        18     3TW         1.000000E-01    1.213521E-01    5.000000E+00
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
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   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR              1    1        1    1.813852E+04  UB   2.000000E+04   A
   BAR              1    2        1   -1.725953E+04  LB  -2.000000E+04   I
   BAR              2    8        2    1.664694E+04  UB   2.000000E+04   I
   BAR              2    9        2   -1.626423E+04  LB  -2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    3   1         1    3.959961E+00  UB   4.000000E+00   A
                    3   6         2   -1.474737E-02  LB  -1.500000E-02   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        RESPONSE 2          
  --------------------------------------------------------------------------
-
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   B1A             15                  2.125523E-01  UB   1.000000E+00   I
   B1B             16                  9.978698E-01  UB   1.000000E+00   A
   B1A            115                  9.970673E-01  UB   1.000000E+00   A
   B1A            115                  2.878608E-01  UB   1.000000E+00   I
   B2A             17                  5.896846E-01  UB   1.000000E+00   I
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   B2A             17                  2.164972E-01  UB   1.000000E+00   I
   B2B            118                  9.986156E-01  UB   1.000000E+00   A
   B3A             19                  9.891903E-01  UB   1.000000E+00   A
   B3B             20                  7.773674E-01  UB   1.000000E+00   I
   B3A            119                  4.377656E-01  UB   1.000000E+00   I
   B3B            120                  9.902737E-01  UB   1.000000E+00   A
   HB1             22                  9.971882E-01  UB   1.000000E+00   A
   HB2             23                  4.173779E-01  UB   1.000000E+00   I
   HB2             23                  9.967259E-01  UB   1.000000E+00   A
   HB3             24                  6.360797E-01  UB   1.000000E+00   I
   HB3             24                  9.969994E-01  UB   1.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 2.800E+02 FOR TWO DESIGN CYCLES.
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     2.8000E+05         0.0%
   1     1.7808E+05         0.0%
   2     1.3222E+05         0.0%
   3     9.7808E+04         0.0%
   4     9.5845E+04         0.0%
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   5     9.5554E+04         0.0%
   6     9.5144E+04         0.0%
   7     9.4801E+04         0.0%
   8     9.4281E+04         0.0%
   9     9.3696E+04         0.0%
  10     9.2787E+04         0.0%
  11     9.1816E+04         0.0%
  12     9.0739E+04         0.0%
  13     8.9432E+04         0.0%
  14     8.9414E+04         0.0%
  15     8.9389E+04         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
             1B1          1TF1           1B2          1TF2            1H

   0     1.5000E+01    1.0000E+00    1.5000E+01    1.0000E+00    5.0000E+01 
   1     1.2044E+01    1.0061E+00    1.2044E+01    1.0061E+00    4.9777E+01 
   2     1.0268E+01    8.0882E-01    1.0268E+01    8.0882E-01    5.6934E+01 
   3     5.2099E+00    4.3952E-01    6.6910E+00    4.0441E-01    7.7043E+01 
   4     5.0000E+00    4.2506E-01    5.9691E+00    3.4412E-01    7.8696E+01 
   5     5.0000E+00    4.2618E-01    5.8997E+00    3.4707E-01    7.8311E+01 
   6     5.0000E+00    4.2765E-01    5.8353E+00    3.4915E-01    7.8043E+01 
   7     5.0000E+00    4.2875E-01    5.7926E+00    3.5259E-01    7.7806E+01 
   8     5.0000E+00    4.3021E-01    5.7451E+00    3.5483E-01    7.7691E+01 
   9     5.0000E+00    4.3150E-01    5.6743E+00    3.5662E-01    7.7695E+01 
  10     5.0001E+00    4.3300E-01    5.6290E+00    3.5746E-01    7.7732E+01 
  11     5.0001E+00    4.3429E-01    5.5338E+00    3.5532E-01    7.8002E+01 
  12     5.0001E+00    4.3487E-01    5.3351E+00    3.4754E-01    7.8548E+01 
  13     5.0001E+00    4.3619E-01    5.2327E+00    3.4299E-01    7.8756E+01 
  14     5.0000E+00    4.3620E-01    5.2322E+00    3.4298E-01    7.8755E+01 
  15     5.0000E+00    4.3614E-01    5.2322E+00    3.4290E-01    7.8755E+01 
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
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CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               6             7             8             9            10
             1TW           2B1          2TF1           2B2          2TF2

   0     1.0000E+00    1.5000E+01    1.0000E+00    1.5000E+01    1.0000E+00 
   1     5.0000E-01    1.2015E+01    1.0129E+00    1.2015E+01    1.0129E+00 
   2     4.7242E-01    1.0124E+01    8.6320E-01    1.0124E+01    8.6320E-01 
   3     5.2398E-01    5.2920E+00    4.3160E-01    6.6454E+00    4.3160E-01 
   4     5.2903E-01    5.0008E+00    4.0377E-01    5.0161E+00    2.9925E-01 
   5     5.2979E-01    5.0008E+00    4.0556E-01    5.0000E+00*   2.9579E-01 
   6     5.3112E-01    5.0008E+00    4.0800E-01    5.0000E+00*   2.9332E-01 
   7     5.3271E-01    5.0008E+00    4.0972E-01    5.0000E+00    2.9031E-01 
   8     5.3499E-01    5.0008E+00    4.1166E-01    5.0000E+00    2.8735E-01 
   9     5.3813E-01    5.0008E+00    4.1324E-01    5.0002E+00    2.8349E-01 
  10     5.4137E-01    5.0008E+00    4.1538E-01    5.0037E+00    2.8173E-01 
  11     5.4480E-01    5.0009E+00    4.1690E-01    5.0046E+00    2.7825E-01 
  12     5.4883E-01    5.0008E+00    4.1730E-01    5.0555E+00    3.2222E-01 
  13     5.5113E-01    5.0000E+00*   4.1958E-01    5.1024E+00    3.5742E-01 
  14     5.5112E-01    5.0000E+00*   4.1941E-01    5.1018E+00    3.5708E-01 
  15     5.5113E-01    5.0000E+00*   4.1943E-01    5.1018E+00    3.5698E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, DISPLACEMENT,& BUCKLING CONSTRAINTS (LAS 9/26/97)               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              11            12            13            14            15
              2H           2TW           3B1          3TF1           3B2

   0     5.0000E+01    1.0000E+00    1.5000E+01    1.0000E+00    1.5000E+01 
   1     4.1508E+01    5.0000E-01    1.2015E+01    1.0129E+00    1.2015E+01 
   2     5.1399E+01    3.2288E-01    1.0106E+01    8.6865E-01    1.0106E+01 
   3     7.6815E+01    3.7442E-01    6.7703E+00    4.3433E-01    5.1025E+00 
   4     8.3957E+01    3.9020E-01    5.0012E+00    2.9795E-01    5.0000E+00 
   5     8.6037E+01    3.9839E-01    5.0012E+00    2.9753E-01    5.0000E+00*
   6     8.7886E+01    4.0615E-01    5.0012E+00    2.9721E-01    5.0000E+00*
   7     9.0099E+01    4.1458E-01    5.0012E+00    2.9543E-01    5.0000E+00 
   8     9.2179E+01    4.2295E-01    5.0012E+00    2.9311E-01    5.0000E+00*
   9     9.4924E+01    4.3306E-01    5.0012E+00    2.8843E-01    5.0000E+00 
  10     9.6827E+01    4.4078E-01    5.0012E+00    2.8350E-01    5.0000E+00 
  11     9.8703E+01    4.4809E-01    5.0012E+00    2.7682E-01    5.0000E+00 
  12     1.0000E+02*   4.5419E-01    5.0012E+00    2.6723E-01    5.0000E+00 
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Design Examples: Sizing and Shape
  13     1.0000E+02*   4.5672E-01    5.0012E+00    2.6102E-01    5.0000E+00 
  14     9.9999E+01    4.5670E-01    5.0011E+00    2.6109E-01    5.0000E+00*
  15     9.9999E+01    4.5669E-01    5.0011E+00    2.6093E-01    5.0000E+00*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
DESIGN OPTIMIZATION OF A PORTAL FRAME - 18 DESIGN VARIABLES             
STRESS, DISPLACEMENT,& BUCKLING CONSTRAINTS (LAS 9/26/97)               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
              16            17            18
            3TF2            3H           3TW

   0     1.0000E+00    5.0000E+01    1.0000E+00 
   1     1.0129E+00    4.1507E+01    5.0008E-01 
   2     8.6865E-01    4.6447E+01    3.0219E-01 
   3     4.3433E-01    6.7187E+01    3.3361E-01 
   4     3.9926E-01    7.0604E+01    3.3098E-01 
   5     3.9524E-01    6.8323E+01    3.1773E-01 
   6     3.9147E-01    6.5752E+01    3.0337E-01 
   7     3.8533E-01    6.2953E+01    2.8648E-01 
   8     3.7841E-01    5.9618E+01    2.6723E-01 
   9     3.6727E-01    5.5198E+01    2.4104E-01 
  10     3.5646E-01    5.0487E+01    2.1504E-01 
  11     3.4282E-01    4.5138E+01    1.8630E-01 
  12     3.2381E-01    3.8220E+01    1.5056E-01 
  13     3.1032E-01    3.1837E+01    1.2204E-01 
  14     3.1046E-01    3.1769E+01    1.2196E-01 
  15     3.1029E-01    3.1769E+01    1.2135E-01 

                            ***** END OF OUTPUT *****
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Design Examples: Sizing and Shape
2.12 Cantilevered Beam - Size Constraint

Example ID:
D012

Design Data Used:
DVAR, DVPROP3, DRESP1, DRESP2, DEQATN, DCONS, DOBJ

Special Features Used:
Design element library (DVPROP3) and DRESP2 for element sizing constraints.

Problem Statement:
Minimize the volume of a single element cantilevered box beam subject to displacement and ele-
ment sizing constraints.

Figure 2-6

Design Problem:
Minimize volume; 3 design variables, 1 load case, 1 displacement constraint, and 1 element sizing 
constraint.

Design Data Relationships:

Problem Description:
1. A one element cantilevered box beam of length 30.0 has a load of 100.0 at the tip.

100 lb

30"

T

H

B

X

Z

DVAR

DRESP1

DRESP1

DVPROP3

DOBJ

DCONS

DEQATN DRESP2 DCONS

DVAR
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Design Examples: Sizing and Shape
2. The three design variables control the inner width, thickness, and inner height of the 
beam respectively.

3. The objective is to minimize the volume of the beam.
4. There is a displacement constraint of 0.5 a the tip of the beam.
5. The height of the beam is limited to be between 0.5 and 1.2 using DRESP2 response 

number 100. The height of the beam is the sum of the inner height of the beam and 
2 times the beam’s thickness. This formula is expressed in DEQATN 100.

Results:
The volume of the beam is increased from 11.76 to 30.12 to overcome an initial maximum con-
straint violation of 115%. The displacement constraint is active in the final design. The total 
height of the beam in the final design is at the upper limit of 1.2.
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2.12.1 Input Data

ID D012
CEND
$
LINE = 64,80
TITLE = SINGLE BOX BEAM CANTILEVERED BEAM
SUBTITLE = 3 DESIGN VARIABLES
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD
DISP = ALL
STRESS = ALL
LOAD = 300
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       B       1.0     0.8     1.2
DVAR    2       T1      0.1     0.01    1.0
DVAR    3       H       1.0     0.1     2.0
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
DVPROP3 100     1       BOX4
+       1       2       3       0.08
$ CONSTRAINT ON TOTAL HEIGHT OF BAR ELEMENT
DRESP2  100     TOTAL_H 10
+       DVAR    2       3
$ EQUATIONS
DEQATN  10      HEIGHT(T,H)=H+2*T
DCONS   100     ALL     .5      1.2
$ RESPONSES - DISPLACEMENT IN DIRECTION 2 AT GRID 2
DRESP1  4       DISP4   DISP                    3       2
$ RESPONSES - SYSTEM VOLUME
DRESP1  11      OBJFUN  VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    11
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   4       ALL     -0.5    0.5
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Design Examples: Sizing and Shape
$
$ --- ANALYSIS DATA
$
$ GRIDS
GRID    1               0.0
GRID    2               30.
$ ELEMENTS
CBAR    1       1       1       2               1.
$ PROPERTIES AND MATERIALS
PBAR    1       1       0.392   .0727   .0837
MAT1    1       1.0E7                   0.101
$ BOUNDARY CONDITIONS AND LOADS
GRDSET                                                  1246
SPC1    100     123456  1
FORCE   300     2               100.    0.0     0.0     -1.0
$
ENDDATA
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Design Examples: Sizing and Shape
2.12.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      
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Design Examples: Sizing and Shape
GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   47
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      

              ********************************************
              *  D E S I G N  C Y C L E      3 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.970641E+01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     B           8.000000E-01    1.200000E+00    1.200000E+00
         2     T1          1.000000E-02    3.325891E-01    1.000000E+00
         3     H           1.000000E-01    5.348218E-01    2.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   48
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      

 CONSTRAINT

                        DISPLACEMENT        
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    2   3        10   -4.984983E-01  LB  -5.000000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      

 CONSTRAINT
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                        RESPONSE 2          
  --------------------------------------------------------------------------
-
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   TOTAL_H        100                  1.200000E+00  UB   1.200000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.1760E+01       115.0%
   1     2.0144E+01        24.5%
   2     2.7344E+01         3.3%
   3     2.9706E+01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
SINGLE BOX BEAM CANTILEVERED BEAM                                       
3 DESIGN VARIABLES                                                      
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
               B            T1             H

   0     1.0000E+00    1.0000E-01    1.0000E+00 
   1     1.2000E+00*   1.9978E-01    8.0043E-01 
   2     1.2000E+00*   2.9978E-01    6.0043E-01 
   3     1.2000E+00*   3.3259E-01    5.3482E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.13 Three Rod Truss - Shape Perturbation

Example ID:
D013

Design Data Used:
DVAR, DVGRID, DVPROP1, DRESP1, DCONS, DOBJ, DOPT

Special Features Used:
Shape design using perturbation vectors.

Problem Statement:
Minimize the mass of a three rod truss subject to stress and displacement constraints.

Figure 2-7

Design Problem:
Minimize mass; 2 sizing and 1 shape design variable, 2 load cases, 4 displacement constraints, 
and 6 stress constraints.

Y

10" 10"

10

X

3

4

A 2 A 3

2

A 1

1

P1=20,000
P2=19,000

θ=20.6θ=51.3
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Design Data Relationships:

Problem Description:
Same as D003 except that the direction of the loads are changed and with the addition of a single 
shape design variable which controls the width of the truss.

1. Perturbation vectors control the width of the truss. The perturbation approach to 
shape optimal design is specified by setting the parameter BASIS equal to 0 on the 
DOPT input data.

2. Design variable 3 controls the X location of grids 1 and 3 by the DVGRID 
relationships. The location of grid 1 moves -1.0 and the location of grid 3 moves 1.0 
in the X direction when design variable 3 is equal to 1. The initial width of the truss 
is 20.0.

3. Note that the shape design variable can be negative, for example, if design variable 
3 is -2.0 the width of the truss will be 16.0.

Results:
The mass of the truss is reduced from 4.83 to 3.26. The upper bound stress constraint on rod 3 in 
load case 2 is active in the final design. The width of the truss is 19.934 [20+2*(-3.31x10-2)] in 
the final design.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS

DVAR DVGRID
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2.13.1 Input Data

ID D013
CEND
LINE = 64,80
TITLE = SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
DVAR    3       SHAPE1  0.0     -9.0    10.0
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  3       1               1.0     -1.0
DVGRID  3       3               1.0      1.0
$ CHANGE OPTIMIZATION PARAMETER “BASIS” TO PERTUBATION APPROACH
DOPT    10
+       BASIS   0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11      12
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
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$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       11      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.13.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  103
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.696986E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    8.660176E-01    1.000000E+02
         2     A2          1.000000E-01    2.647615E-01    1.000000E+02
         3     SHAPE1     -9.000000E+00   -1.412948E-01    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  104
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    1.899395E+04  UB   2.000000E+04   A
   ROD              2    2        1    1.280546E+04  UB   2.000000E+04   I
   ROD              3    2        2    1.999363E+04  UB   2.000000E+04   A
   ROD              2    2        2    1.347943E+04  UB   2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  105
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
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                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  106
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.9668E+00         1.5%
   2     2.8296E+00         0.6%
   3     2.7071E+00         1.0%
   4     2.7079E+00         0.0%
   5     2.6891E+00         0.4%
   6     2.6936E+00         0.8%
   7     2.7061E+00         0.0%
   8     2.6985E+00         0.0%
   9     2.6926E+00         0.4%
  10     2.6970E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  107
SHAPE DESIGN OF THE THREE ROD TRUSS: PERTUBATION VECTORS                
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2        SHAPE1

   0     1.0000E+00    2.0000E+00    0.0000E+00 
   1     6.9886E-01    1.0000E+00   -1.0000E-01 
   2     7.3708E-01    7.5000E-01   -5.0000E-02 
   3     7.8032E-01    5.0000E-01    0.0000E+00 
   4     8.1987E-01    3.8889E-01    2.9378E-04 
   5     8.5655E-01    2.7037E-01   -3.3040E-02 
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   6     8.0355E-01    4.2840E-01   -6.6372E-02 
   7     8.3816E-01    3.4377E-01   -7.0467E-02 
   8     8.6444E-01    2.6476E-01   -9.2689E-02 
   9     8.2584E-01    3.7011E-01   -1.1491E-01 
  10     8.6602E-01    2.6476E-01   -1.4129E-01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.14 Three Rod Truss - Basis Shape Design

Example ID:
D014

Design Data Used:
DVAR, DVGRID, DVPROP1, DRESP1, DCONS, DOBJ

Special Features Used:
Shape design using basis design vectors.

Problem Statement:
Same as D013.

Design Problem:
Same as D013.

Design Data Relationships:

Problem Description:
Same as D013 except that basis designs are used instead of perturbation 
vectors.

1. The shape design variable controls in participation of the basis design in the current 
design. 

2. When design variable 3 is equal to 1.0 the X locations of grids 1 and 3 are -11.0 and 
11.0 respectively.

3. Note that the shape design variable can be negative, for example, if design variable 
3 is -2.0 the width of the truss will be 16.0.

4. Note that the shape design variable produces the same effect on the design as it did 
in example D013.

DVAR

DRESP1

DRESP1

DVPROP1

DOBJ

DCONS

DVAR DVGRID
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Results:
The mass of the truss is reduced from 4.83 to 3.26. Note that this example 
produces the same design as D013 since they are in essence the same 
problem.
GENESIS November 2009 Design Examples Manual 141



2.14.1 Input Data

ID D014
CEND
LINE = 64,80
TITLE = SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
DOPT
+       BASIS   1
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
DVAR    3       SHAPE1  0.0     -9.0    10.0
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  3       1                       -11.0
DVGRID  3       3                        11.0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11      12
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
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$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       11      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.14.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   97
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
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              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   98
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  8.856247E-17 ; STRAIN ENERGY :  2.630121E+02
LOADCASE        2 ; RESIDUAL :  1.682687E-16 ; STRAIN ENERGY :  2.914261E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   99
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
LOAD CONDITION 1                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      2.500276E-02     -1.280546E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  100
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
LOAD CONDITION 2                                             LOADCASE         2

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
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              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -2.631869E-02     -1.347943E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  101
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
LOAD CONDITION 1                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        1.899395E+04        1.899395E+04
       2        1.280546E+04        1.280546E+04
       3       -6.006275E+03       -6.006275E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  102
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                
LOAD CONDITION 2                                             LOADCASE         2

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1       -6.322394E+03       -6.322394E+03
       2        1.347943E+04        1.347943E+04
       3        1.999363E+04        1.999363E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  103
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION
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      OBJECTIVE FUNCTION VALUE =  2.696986E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    8.660176E-01    1.000000E+02
         2     A2          1.000000E-01    2.647615E-01    1.000000E+02
         3     SHAPE1     -9.000000E+00   -1.412948E-01    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  104
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              1    2        1    1.899395E+04  UB   2.000000E+04   A
   ROD              2    2        1    1.280546E+04  UB   2.000000E+04   I
   ROD              3    2        2    1.999363E+04  UB   2.000000E+04   A
   ROD              2    2        2    1.347943E+04  UB   2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  105
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  106
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SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.9668E+00         1.5%
   2     2.8296E+00         0.6%
   3     2.7071E+00         1.0%
   4     2.7079E+00         0.0%
   5     2.6891E+00         0.4%
   6     2.6936E+00         0.8%
   7     2.7061E+00         0.0%
   8     2.6985E+00         0.0%
   9     2.6926E+00         0.4%
  10     2.6970E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE  107
SHAPE DESIGN OF THE THREE ROD TRUSS - BASIS VECTOR                      
STRESS AND DISPLACEMENT CONSTRAINTS - 3 DESIGN VARIABLES                

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2        SHAPE1

   0     1.0000E+00    2.0000E+00    0.0000E+00 
   1     6.9886E-01    1.0000E+00   -1.0000E-01 
   2     7.3708E-01    7.5000E-01   -5.0000E-02 
   3     7.8032E-01    5.0000E-01    0.0000E+00 
   4     8.1987E-01    3.8889E-01    2.9378E-04 
   5     8.5655E-01    2.7037E-01   -3.3040E-02 
   6     8.0355E-01    4.2840E-01   -6.6372E-02 
   7     8.3816E-01    3.4377E-01   -7.0467E-02 
   8     8.6444E-01    2.6476E-01   -9.2689E-02 
   9     8.2584E-01    3.7011E-01   -1.1491E-01 
  10     8.6602E-01    2.6476E-01   -1.4129E-01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.15 Shape Design of an 18-Rod Truss

Example ID:
D015

Design Data Used:
DVAR, DVGRID, DVPROP1, DRESP1, DRESP2, DEQATN, DCONS, 
DOBJ, DOPT

Special Features Used:
Shape design with perturbation vectors and DRESP2 responses that are 
functions of grid locations.

Problem Statement:
Minimize the mass of an 18 rod truss subject to stress and Euler buckling 
constraints.

Design Problem:
Minimize mass; 4 sizing and 8 shape design variables, 1 load case, 18 stress and 18 Euler buck-
ling constraints.

Figure 2-8

Design Data Relationships:

Problem Description:
1. The 18 rod truss is subjected to five point loads of 20000.0 each as shown.
2. The four sizing design variables control the areas of the top (1, 4,8, 12, and 16), 

bottom (2, 6, 10, 14, and 18), vertical (3, 7, 11, and 15), and diagonal (5, 9, 13, and 
17) members respectively (see DVPROP1 data 11-14).

DVAR

DRESP1
DRESP1

DVPROP1

DOBJ
DCONS

DRESP1
DEQATN

DVAR DVGRID

DVAR DRESP2 DCONS
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3. The eight shape design variables control the X and Z locations of the bottom four 
grids (3, 5,7, and 9).

4. A shape design variable value of 1.0 causes a perturbation of 50.0” in the location 
of the specified grid in the specified direction (see the DVGRID data).

5. The minimum allowable move limit for the shape design variables is 2.0 (see the 
DVAR data). Note that this is larger than the default value of 0.1 in order to speed 
convergence.

6. The axial stress in all 18 members is constrained to be less than 20000. This is done 
by specifying the 4 PROD data on the DRESP1 data 10. Note that each of the 18 
rod members reference one of 4 PROD data.

7. To avoid Euler buckling of the rod elements, the force in each element must be 
constrained to be less in magnitude than the Euler buckling load for that element.  
This constraint can be expressed as:

For a circular cross section, 

Therefore, the constraint can be rearranged as:

5@250"

17
15

16

13
11

12

9
7

8

5
3

4
2

1
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18 14 10 6

1246810

357911
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I A2

4π
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where the rod length is calculated as:

The formula for the Euler buckling value is input in DEQATN 20 as:

8. The values of area, grid locations, and rod axial force for the equation are specified 
on the DRESP2 data. For example, for rod 1 (DRESP2 201) the area is the value of 
design variable 1, the X and Z locations of grids 1 and 2 are specified after the 
DGRID identifier, and the element force is referenced by DRESP1 2001. These 
values are sent to DEQATN in order to calculate the Euler buckling value.

9. The DRESP2 responses are constrained to be greater that -7.854E6. Note that there 
are no upper bounds on these responses since the rods will not buckle in tension.

Results:
The maximum constraint violation of the structure is reduced from 409%. to 0.4%. The upper 
bound stress constraints in rod numbers 12, 16 and 17 are active in the final design. Euler buck-
ling constraints in rod numbers 2, 6, 7, 10, 11, 14, 15, and 18 are active in the final design. The 
mass increased from 6.4E6 to 7.8E6 to overcome the initial constraint violations.

B FL2

A2
--------- πE–

4
---------- 7.854 6×10–=≥=

L X1 X2–( )2 Z1 Z2–( )2+=

B X1 X2–( )2 Z1 Z2–( )2+[ ]

A2
---------------------------------------------------------------F=
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2.15.1 Input Data

ID D015
CEND
LINE=64,80
TITLE=TRUSS: 18 ROD ELEMENTS
SUBTITLE= 12 DESIGN VARIABLES WITH STRESS AND BUCKLING CONSTRAINTS
SUBCASE 1
LABEL = TIP LOAD
LOAD = 18
BEGIN BULK
$
$ - DESIGN DATA
$
$ DESIGN VARIABLES
$DVAR    1       A1      10.0    5.0     20.0
$DVAR    2       A2      21.65   10.0    30.0
$DVAR    3       A3      12.5    0.5     20.0
$DVAR    4       A4      7.07    1.0     10.0
DVAR    1       A1      10.0    5.0     40.0
DVAR    2       A2      21.65   10.0    40.0
DVAR    3       A3      12.5    0.5     40.0
DVAR    4       A4      7.07    1.0     40.0
DVAR    31      X3      0.0     -200.   200.0           2.
DVAR    32      Z3      0.0     -200.   200.0           2.
DVAR    51      X5      0.0     -200.   200.0           2.
DVAR    52      Z5      0.0     -200.   200.0           2.
DVAR    71      X7      0.0     -200.   200.0           2.
DVAR    72      Z7      0.0     -200.   200.0           2.
DVAR    91      X9      0.0     -200.   200.0           2.
DVAR    92      Z9      0.0     -200.   200.0           2.
$ SIZING DESIGN RELATIONSHIPS
DVPROP1 11      1       1
+       1       1.0
DVPROP1 12      2       1
+       2       1.0
DVPROP1 13      3       1
+       3       1.0
DVPROP1 14      4       1
+       4       1.0
$ SHAPE DESIGN RELATIONSHIPS
DVGRID  31      3               50.0    1.0
DVGRID  32      3               50.0                    1.0
DVGRID  51      5               50.0    1.0
DVGRID  52      5               50.0                    1.0
DVGRID  71      7               50.0    1.0
DVGRID  72      7               50.0                    1.0
DVGRID  91      9               50.0    1.0
DVGRID  92      9               50.0                    1.0
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$ STRESS CONSTRAINTS
DRESP1  10      STRESS1 STRESS  PROD            2       1       2       3
+       4
DCONS   10      ALL     -20000. 20000.
$ OBJECTIVE FUNCTION
DRESP1  100     OBJ     MASS
DOBJ    100     A               MIN
$ EQUATION FOR EULER BUCKLING CONSTRAINTS
DEQATN  20      F1(A,X1,Z1,X2,Z2,FA)=FA*((X1-X2)**2+(Z1-Z2)**2)/A**2
$ ROD ELEMENT FORCES FOR EULER BUCKLING CONSTRAINTS
DRESP1  2001             FORCE  ELEM            1       1
DRESP1  2002             FORCE  ELEM            1       2
DRESP1  2003             FORCE  ELEM            1       3
DRESP1  2004             FORCE  ELEM            1       4
DRESP1  2005             FORCE  ELEM            1       5
DRESP1  2006             FORCE  ELEM            1       6
DRESP1  2007             FORCE  ELEM            1       7
DRESP1  2008             FORCE  ELEM            1       8
DRESP1  2009             FORCE  ELEM            1       9
DRESP1  2010             FORCE  ELEM            1       10
DRESP1  2011             FORCE  ELEM            1       11
DRESP1  2012             FORCE  ELEM            1       12
DRESP1  2013             FORCE  ELEM            1       13
DRESP1  2014             FORCE  ELEM            1       14
DRESP1  2015             FORCE  ELEM            1       15
DRESP1  2016             FORCE  ELEM            1       16
DRESP1  2017             FORCE  ELEM            1       17
DRESP1  2018             FORCE  ELEM            1       18
$ EULER BUCKLING RESPONSE
DRESP2  201     B01     20
+       DVAR    1
+       DGRID   1       1       1       3       2       1       2       3
+       DRESP1  2001
DRESP2  202     B02     20
+       DVAR    2
+       DGRID   1       1       1       3       3       1       3       3
+       DRESP1  2002
DRESP2  203     B03     20
+       DVAR    3
+       DGRID   2       1       2       3       3       1       3       3
+       DRESP1  2003
DRESP2  204     B04     20
+       DVAR    1
+       DGRID   4       1       4       3       2       1       2       3
+       DRESP1  2004
DRESP2  205     B05     20
+       DVAR    4
+       DGRID   3       1       3       3       4       1       4       3
+       DRESP1  2005
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DRESP2  206     B06     20
+       DVAR    2
+       DGRID   3       1       3       3       5       1       5       3
+       DRESP1  2006
DRESP2  207     B07     20
+       DVAR    3
+       DGRID   4       1       4       3       5       1       5       3
+       DRESP1  2007
DRESP2  208     B08     20
+       DVAR    1
+       DGRID   4       1       4       3       6       1       6       3
+       DRESP1  2008
DRESP2  209     B09     20
+       DVAR    4
+       DGRID   5       1       5       3       6       1       6       3
+       DRESP1  2009
DRESP2  210     B10     20
+       DVAR    2
+       DGRID   5       1       5       3       7       1       7       3
+       DRESP1  2010
DRESP2  211     B11     20
+       DVAR    3
+       DGRID   6       1       6       3       7       1       7       3
+       DRESP1  2011
DRESP2  212     B12     20
+       DVAR    1
+       DGRID   6       1       6       3       8       1       8       3
+       DRESP1  2012
DRESP2  213     B13     20
+       DVAR    4
+       DGRID   7       1       7       3       8       1       8       3
+       DRESP1  2013
DRESP2  214     B14     20
+       DVAR    2
+       DGRID   7       1       7       3       9       1       9       3
+       DRESP1  2014
DRESP2  215     B15     20
+       DVAR    3
+       DGRID   9       1       9       3       8       1       8       3
+       DRESP1  2015
DRESP2  216     B16     20
+       DVAR    1
+       DGRID   8       1       8       3       10      1       10      3
+       DRESP1  2016
DRESP2  217     B17     20
+       DVAR    4
+       DGRID   10      1       10      3       9       1       9       3
+       DRESP1  2017
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DRESP2  218     B18     20
+       DVAR    2
+       DGRID   11      1       11      3       9       1       9       3
+       DRESP1  2018
$ EULER BUCKLING CONSTRAINTS (CIRCULAR ROD)
DCONS   201     ALL     -7.854E6 1.0E30
DCONS   202     ALL     -7.854E6 1.0E30
DCONS   203     ALL     -7.854E6 1.0E30
DCONS   204     ALL     -7.854E6 1.0E30
DCONS   205     ALL     -7.854E6 1.0E30
DCONS   206     ALL     -7.854E6 1.0E30
DCONS   207     ALL     -7.854E6 1.0E30
DCONS   208     ALL     -7.854E6 1.0E30
DCONS   209     ALL     -7.854E6 1.0E30
DCONS   210     ALL     -7.854E6 1.0E30
DCONS   211     ALL     -7.854E6 1.0E30
DCONS   212     ALL     -7.854E6 1.0E30
DCONS   213     ALL     -7.854E6 1.0E30
DCONS   214     ALL     -7.854E6 1.0E30
DCONS   215     ALL     -7.854E6 1.0E30
DCONS   216     ALL     -7.854E6 1.0E30
DCONS   217     ALL     -7.854E6 1.0E30
DCONS   218     ALL     -7.854E6 1.0E30
$
DOPT    15
+       BASIS   0
$
$ - ANALYSIS DATA
$
GRID    1               1250.0  0.0     250.0           2456
GRID    2               1000.0  0.0     250.0           2456
GRID    3               1000.0  0.0     0.0             2456
GRID    4               750.0   0.0     250.0           2456
GRID    5               750.0   0.0     0.0             2456
GRID    6               500.0   0.0     250.0           2456
GRID    7               500.0   0.0     0.0             2456
GRID    8               250.0   0.0     250.0           2456
GRID    9               250.0   0.0     0.0             2456
GRID    10              0.0     0.0     250.0           123456
GRID    11              0.0     0.0     0.0             123456
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CROD    1       1       1       2
CROD    2       2       1       3
CROD    3       3       2       3
CROD    4       1       2       4
CROD    5       4       3       4
CROD    6       2       3       5
CROD    7       3       4       5
CROD    8       1       4       6
CROD    9       4       5       6
CROD    10      2       5       7
CROD    11      3       6       7
CROD    12      1       6       8
CROD    13      4       7       8
CROD    14      2       7       9
CROD    15      3       8       9
CROD    16      1       8       10
CROD    17      4       9       10
CROD    18      2       9       11
PROD    1       5       10.0
PROD    2       5       21.65
PROD    3       5       12.5
PROD    4       5       7.07
MAT1    5       1.0E7                   0.1
FORCE   18      1               -20000.0                1.0
FORCE   18      2               -20000.0                1.0
FORCE   18      4               -20000.0                1.0
FORCE   18      6               -20000.0                1.0
FORCE   18      8               -20000.0                1.0
ENDDATA
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2.15.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
TRUSS: 18 ROD ELEMENTS                                                  
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              ********************************************
              *  D E S I G N  C Y C L E      9 (ANALYSIS)*
              ********************************************
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                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  3.216728E-15 ; STRAIN ENERGY :  2.976168E+05
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                T Y P E   2/3   R E S P O N S E   V A L U E S

      LABEL          RID        TYPE          LID   NUMBER            VALUE

      B01            201    ELEM.  FORCE        1        1         4.728287E+07
      B02            202    ELEM.  FORCE        1        1        -7.815056E+06
      B03            203    ELEM.  FORCE        1        1        -2.870037E+06
      B04            204    ELEM.  FORCE        1        1         5.940552E+07
      B05            205    ELEM.  FORCE        1        1         5.162754E+07
      B06            206    ELEM.  FORCE        1        1        -7.817791E+06
      B07            207    ELEM.  FORCE        1        1        -7.824536E+06
      B08            208    ELEM.  FORCE        1        1         9.218312E+07
      B09            209    ELEM.  FORCE        1        1         2.133717E+07
      B10            210    ELEM.  FORCE        1        1        -7.820881E+06
      B11            211    ELEM.  FORCE        1        1        -7.837732E+06
      B12            212    ELEM.  FORCE        1        1         1.051721E+08
      B13            213    ELEM.  FORCE        1        1        -5.014082E+06
      B14            214    ELEM.  FORCE        1        1        -7.823495E+06
      B15            215    ELEM.  FORCE        1        1        -7.827319E+06
      B16            216    ELEM.  FORCE        1        1         1.060749E+08
      B17            217    ELEM.  FORCE        1        1         3.840814E+08
      B18            218    ELEM.  FORCE        1        1        -7.832414E+06
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12 DESIGN VARIABLES WITH STRESS AND BUCKLING CONSTRAINTS                

              ********************************************
              *  D E S I G N  C Y C L E      9 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  7.804716E+03

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          5.000000E+00    1.177244E+01    4.000000E+01
         2     A2          1.000000E+01    3.999872E+01    4.000000E+01
         3     A3          5.000000E-01    1.160812E+01    4.000000E+01
         4     A4          1.000000E+00    4.942818E+00    4.000000E+01
        31     X3         -2.000000E+02   -1.723915E+00    2.000000E+02
        32     Z3         -2.000000E+02    3.717388E+00    2.000000E+02
        51     X5         -2.000000E+02   -2.066171E+00    2.000000E+02
        52     Z5         -2.000000E+02    2.925894E+00    2.000000E+02
        71     X7         -2.000000E+02   -1.675854E+00    2.000000E+02
        72     Z7         -2.000000E+02    1.852377E+00    2.000000E+02
        91     X9         -2.000000E+02   -9.351588E-01    2.000000E+02
        92     Z9         -2.000000E+02    3.510029E-01    2.000000E+02
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              4    2        1    1.118957E+04  UB   2.000000E+04   I
   ROD              8    2        1    1.736353E+04  UB   2.000000E+04   I
   ROD             12    2        1    1.981012E+04  UB   2.000000E+04   A
   ROD             16    2        1    1.998017E+04  UB   2.000000E+04   A
   ROD             17    2        1    1.991230E+04  UB   2.000000E+04   A
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                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        RESPONSE 2          
  --------------------------------------------------------------------------
-
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   B02            202                 -7.815056E+06  LB  -7.854000E+06   A
   B06            206                 -7.817791E+06  LB  -7.854000E+06   A
   B07            207                 -7.824536E+06  LB  -7.854000E+06   A
   B10            210                 -7.820881E+06  LB  -7.854000E+06   A
   B11            211                 -7.837732E+06  LB  -7.854000E+06   A
   B13            213                 -5.014082E+06  LB  -7.854000E+06   I
   B14            214                 -7.823495E+06  LB  -7.854000E+06   A
   B15            215                 -7.827319E+06  LB  -7.854000E+06   A
   B18            218                 -7.832414E+06  LB  -7.854000E+06   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 6.430E+00 FOR TWO DESIGN CYCLES.
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     6.4303E+03       409.3%
   1     8.3663E+03        72.6%
   2     7.2602E+03       557.4%
   3     7.4968E+03       909.0%
   4     7.4396E+03       296.7%
   5     7.3676E+03       274.3%
   6     7.6444E+03        17.2%
   7     7.8027E+03         4.1%
   8     7.8049E+03         0.0%
   9     7.8047E+03         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4            31
              A1            A2            A3            A4            X3

   0     1.0000E+01    2.1650E+01    1.2500E+01    7.0700E+00    0.0000E+00 
   1     8.4390E+00    3.2475E+01    1.8719E+01    1.0605E+01   -2.0000E+00 
   2     1.0206E+01    3.8229E+01    9.3593E+00    5.3026E+00   -1.9773E+00 
   3     1.2392E+01    4.0000E+01*   7.0406E+00    3.9889E+00   -1.0481E+00 
   4     1.0843E+01    4.0000E+01*   7.9206E+00    4.4875E+00   -1.0456E+00 
   5     9.4875E+00    4.0000E+01*   8.9107E+00    5.0484E+00   -1.4325E+00 
   6     1.0692E+01    4.0000E+01*   1.0396E+01    5.8896E+00   -1.4430E+00 
   7     1.1475E+01    3.9274E+01    1.2094E+01    5.5885E+00   -1.8034E+00 
   8     1.1934E+01    3.9999E+01    1.1764E+01    4.6711E+00   -1.7409E+00 
   9     1.1772E+01    3.9999E+01    1.1608E+01    4.9428E+00   -1.7239E+00 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   84
TRUSS: 18 ROD ELEMENTS                                                  
12 DESIGN VARIABLES WITH STRESS AND BUCKLING CONSTRAINTS                
GENESIS November 2009 Design Examples Manual 161



                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              32            51            52            71            72
              Z3            X5            Z5            X7            Z7

   0     0.0000E+00    0.0000E+00    0.0000E+00    0.0000E+00    0.0000E+00 
   1     2.0000E+00   -2.0000E+00    2.0000E+00   -2.0000E+00    1.4820E-01 
   2     4.0000E+00   -1.3344E+00    3.1841E+00   -1.0021E+00    2.0836E+00 
   3     4.0846E+00   -1.3007E+00    2.9810E+00   -1.3581E+00    1.0847E+00 
   4     4.0858E+00   -1.8007E+00    2.4810E+00   -1.8533E+00    1.5847E+00 
   5     4.0589E+00   -2.3007E+00    2.9810E+00   -1.3709E+00    1.8976E+00 
   6     3.9392E+00   -1.9689E+00    3.0831E+00   -1.6721E+00    1.9082E+00 
   7     3.6803E+00   -2.1657E+00    2.8400E+00   -1.7621E+00    1.7258E+00 
   8     3.7068E+00   -2.0906E+00    2.9211E+00   -1.6949E+00    1.8716E+00 
   9     3.7174E+00   -2.0662E+00    2.9259E+00   -1.6759E+00    1.8524E+00 
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE
              91            92
              X9            Z9

   0     0.0000E+00    0.0000E+00 
   1    -1.9914E+00   -1.7352E+00 
   2    -1.4513E-01    2.6482E-01 
   3    -9.6530E-01    6.0790E-01 
   4    -9.0423E-01    1.0790E-01 
   5    -9.1244E-01    5.9343E-02 
   6    -9.2669E-01    3.9583E-01 
   7    -9.9156E-01    1.9291E-01 
   8    -9.4403E-01    4.0929E-01 
   9    -9.3516E-01    3.5100E-01 
***** THERE WERE        5 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.16 Shape Design of a Plate with a Hole

Example ID:
D016

Design Data Used:
DVAR, DVGRID, DRESP1, DCONS, DOBJ, DOPT, DSCREEN

Special Features Used:
Change default values for constraint screening parameters.

Problem Statement:
Find the minimum mass of a plate subject to stress constraints by finding the optimal shape of a 
hole in the center of the plate.

Figure 2-9
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Design Problem:
Minimize mass; 4 shape design variables and 30 stress constraints.

Design Data Relationships:

Problem Description:
1. 30 QUAD4 elements are used to model a quarter of the plate with the appropriate 

symmetry boundary conditions.
2. The plate is loaded in unbalanced biaxial tension with evenly distributed loads of 

15,000 in the X direction and 7,500 in the Y direction. The thickness of the plate is 
0.15.

3. The plate is 20.0 by 20.0 and the quarter model is 10.0 by 10.0.
4. The initial hole in the plate is circular with a radius of 2.0.
5. There are four basis designs that control the shape of the hole: 1) a circular hole with 

a radius of 2.1; 2) an oval with a major axis of 2.3 and a minor axis of 1.7; 3) a 
square diamond shape with a width of 4.0; and 4) a square with a width of 4.0.

6. Each design variable controls the participation of its basis design in the actual 
design. For example, if design variable 1 has a value of 1.0 and the others are zero, 
the hole will be circular with a radius of 2.1. If the value of design variable 1 is 10.0 
then the hole will be circular with a radius of 3.0. If design variable 4 is 1.0 and the 
others are zero then the hole will have a square shape with a width of 4.0.

7. The default values of the design variable move limits are increased to speed 
convergence. The value for the minimum move limit is increased to 100. from 0.1. 
This effectively removes any design variable move limits on the problem.

8. Since the move limits are so large, dramatic changes may take place during each 
design cycle. Elements that are not highly stressed may become highly stressed 
during these dramatic changes. Because of this the constraint screening truncation 
parameter is changed from -0.5 to -0.9 for the stress constraints using the 
DSCREEN data. With this new value, stress constraints that are with 90% of the 
critical value are retained during each design cycle.

Results:
The mass of the quarter plate model is reduced from 4.11 to 3.27 in eight design cycles. Note that 
the first design variable has a value of 23.0 in the final design. This means that the radius of the 
hole has increased by about 2.3. Also note that the value of the second design variable is -6.49. 
This means that the oval shape plays an important role in the final design, as expected, and that 
the major and minor axes have switched direction. The design variables for the square and dia-

DRESP1

DRESP1

DOBJ

DCONS

DVAR DVGRID
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mond are small since these shapes have little influence on the final design. There are seven active 
stress constraints in the final design.
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2.16.1 Input Data

ID D016
CEND
LINE=64,80
TITLE=30 QUAD4 QUARTER PLATE WITH A HOLE MODEL
SUBTITLE=MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES
STRESS = ALL
SPC=200
LOAD=1
BEGIN BULK
$ DESIGN VARIABLES
DVAR    1       SHAPE1  0.0      -100.     100.0
DVAR    2       SHAPE2  0.0      -100.     100.0
DVAR    3       SHAPE3  0.0      -100.     100.0
DVAR    4       SHAPE4  0.0      -100.     100.0
$ OBJECTIVE FUNCTION
DRESP1  2       OBJ     MASS
DOBJ    2                       MIN
$ STRESS CONSTRAINTS
DRESP1  90      SIGVM   STRESS                  2       100
DCONS   90      ALL             10000.
$ CHANGE OPTIMIZATION PARAMETERS TO USE LARGE MOVE LIMITS
DOPT    10
+       DELX    3.      DXMIN   100.
+       BASIS   1
$ RETAIN MORE CONSTRAINTS DUE TO LARGE MOVE LIMITS
DSCREEN STRESS  -.9
$ DESIGN VARIABLE TO GRID LOCATION RELATIONSHIPS
DVGRID         1       1                 2.10000 0.00000
DVGRID         1       2                 2.69905 0.00000
DVGRID         1       3                 3.59763 0.00000
DVGRID         1       4                 4.94550 0.00000
DVGRID         1       5                 6.96730 0.00000
DVGRID         1       6                10.00000 0.00000
DVGRID         1       7                 2.02844 0.54352
DVGRID         1       8                 2.63292 0.70549
DVGRID         1       9                 3.53964 0.94844
DVGRID         1      10                 4.89972 1.31287
DVGRID         1      11                 6.93983 1.85952
DVGRID         1      12                10.00000 2.67949
DVGRID         1      13                 1.81865 1.05000
DVGRID         1      14                 2.43904 1.40818
DVGRID         1      15                 3.36962 1.94545
DVGRID         1      16                 4.76549 2.75136
DVGRID         1      17                 6.85929 3.96021
DVGRID         1      18                10.00000 5.77350
DVGRID         1      19                 1.48492 1.48492
DVGRID         1      20                 2.13062 2.13062
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DVGRID         1      21                 3.09916 3.09916
DVGRID         1      22                 4.55197 4.55197
DVGRID         1      23                 6.73118 6.73118
DVGRID         1      24                10.0000010.00000
DVGRID         1      25                 1.05000 1.81865
DVGRID         1      26                 1.40818 2.43904
DVGRID         1      27                 1.94545 3.36962
DVGRID         1      28                 2.75136 4.76549
DVGRID         1      29                 3.96021 6.85929
DVGRID         1      30                 5.7735010.00000
DVGRID         1      31                 0.54352 2.02844
DVGRID         1      32                 0.70549 2.63292
DVGRID         1      33                 0.94844 3.53964
DVGRID         1      34                 1.31287 4.89972
DVGRID         1      35                 1.85952 6.93983
DVGRID         1      36                 2.6794910.00000
DVGRID         1      37                 0.00000 2.10000
DVGRID         1      38                 0.00000 2.69905
DVGRID         1      39                 0.00000 3.59763
DVGRID         1      40                 0.00000 4.94550
DVGRID         1      41                 0.00000 6.96730
DVGRID         1      42                 0.0000010.00000
DVGRID         2       1                 1.70000 0.00000
DVGRID         2       2                 2.32938 0.00000
DVGRID         2       3                 3.27346 0.00000
DVGRID         2       4                 4.68957 0.00000
DVGRID         2       5                 6.81374 0.00000
DVGRID         2       6                10.00000 0.00000
DVGRID         2       7                 1.73867 0.46587
DVGRID         2       8                 2.36512 0.63373
DVGRID         2       9                 3.30480 0.88552
DVGRID         2      10                 4.71431 1.26320
DVGRID         2      11                 6.82859 1.82971
DVGRID         2      12                10.00000 2.67949
DVGRID         2      13                 1.64545 0.95000
DVGRID         2      14                 2.27897 1.31576
DVGRID         2      15                 3.22925 1.86441
DVGRID         2      16                 4.65467 2.68738
DVGRID         2      17                 6.79280 3.92183
DVGRID         2      18                10.00000 5.77350
DVGRID         2      19                 1.41421 1.41421
DVGRID         2      20                 2.06527 2.06527
DVGRID         2      21                 3.04185 3.04185
DVGRID         2      22                 4.50672 4.50672
DVGRID         2      23                 6.70403 6.70403
DVGRID         2      24                10.0000010.00000
DVGRID         2      25                 1.05000 1.81865
DVGRID         2      26                 1.40818 2.43904
DVGRID         2      27                 1.94545 3.36962
DVGRID         2      28                 2.75136 4.76549
DVGRID         2      29                 3.96021 6.85929
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DVGRID         2      30                 5.7735010.00000
DVGRID         2      31                 0.56940 2.12504
DVGRID         2      32                 0.72941 2.72219
DVGRID         2      33                 0.96942 3.61792
DVGRID         2      34                 1.32943 4.96152
DVGRID         2      35                 1.86946 6.97691
DVGRID         2      36                 2.6794910.00000
DVGRID         2      37                 0.00000 2.30000
DVGRID         2      38                 0.00000 2.88389
DVGRID         2      39                 0.00000 3.75972
DVGRID         2      40                 0.00000 5.07346
DVGRID         2      41                 0.00000 7.04408
DVGRID         2      42                 0.0000010.00000
DVGRID         3       1                 2.82840 0.00000
DVGRID         3       2                 3.37222 0.00000
DVGRID         3       3                 4.18795 0.00000
DVGRID         3       4                 5.41154 0.00000
DVGRID         3       5                 7.24692 0.00000
DVGRID         3       6                10.00000 0.00000
DVGRID         3       7                 2.23071 0.59772
DVGRID         3       8                 2.81985 0.75558
DVGRID         3       9                 3.70356 0.99237
DVGRID         3      10                 5.02913 1.34755
DVGRID         3      11                 7.01748 1.88033
DVGRID         3      12                10.00000 2.67949
DVGRID         3      13                 1.79319 1.03530
DVGRID         3      14                 2.41551 1.39459
DVGRID         3      15                 3.34899 1.93354
DVGRID         3      16                 4.74920 2.74195
DVGRID         3      17                 6.84952 3.95457
DVGRID         3      18                10.00000 5.77350
DVGRID         3      19                 1.41421 1.41421
DVGRID         3      20                 2.06527 2.06527
DVGRID         3      21                 3.04185 3.04185
DVGRID         3      22                 4.50672 4.50672
DVGRID         3      23                 6.70403 6.70403
DVGRID         3      24                10.0000010.00000
DVGRID         3      25                 1.03530 1.79319
DVGRID         3      26                 1.39459 2.41551
DVGRID         3      27                 1.93354 3.34899
DVGRID         3      28                 2.74195 4.74920
DVGRID         3      29                 3.95457 6.84952
DVGRID         3      30                 5.7735010.00000
DVGRID         3      31                 0.59772 2.23071
DVGRID         3      32                 0.75558 2.81985
DVGRID         3      33                 0.99237 3.70356
DVGRID         3      34                 1.34755 5.02913
DVGRID         3      35                 1.88033 7.01748
DVGRID         3      36                 2.6794910.00000
DVGRID         3      37                 0.00000 2.82840
DVGRID         3      38                 0.00000 3.37222
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DVGRID         3      39                 0.00000 4.18795
DVGRID         3      40                 0.00000 5.41154
DVGRID         3      41                 0.00000 7.24692
DVGRID         3      42                 0.0000010.00000
DVGRID         4       1                 2.00000 0.00000
DVGRID         4       2                 2.60664 0.00000
DVGRID         4       3                 3.51659 0.00000
DVGRID         4       4                 4.88152 0.00000
DVGRID         4       5                 6.92891 0.00000
DVGRID         4       6                10.00000 0.00000
DVGRID         4       7                 2.00005 0.53591
DVGRID         4       8                 2.60668 0.69846
DVGRID         4       9                 3.51662 0.94228
DVGRID         4      10                 4.88155 1.30801
DVGRID         4      11                 6.92893 1.85660
DVGRID         4      12                10.00000 2.67949
DVGRID         4      13                 2.00000 1.15470
DVGRID         4      14                 2.60663 1.50494
DVGRID         4      15                 3.51659 2.03030
DVGRID         4      16                 4.88152 2.81834
DVGRID         4      17                 6.92891 4.00041
DVGRID         4      18                10.00000 5.77350
DVGRID         4      19                 1.99998 1.99998
DVGRID         4      20                 2.60662 2.60662
DVGRID         4      21                 3.51657 3.51657
DVGRID         4      22                 4.88150 4.88150
DVGRID         4      23                 6.92890 6.92890
DVGRID         4      24                10.0000010.00000
DVGRID         4      25                 1.15470 2.00000
DVGRID         4      26                 1.50494 2.60663
DVGRID         4      27                 2.03030 3.51659
DVGRID         4      28                 2.81834 4.88152
DVGRID         4      29                 4.00041 6.92891
DVGRID         4      30                 5.7735010.00000
DVGRID         4      31                 0.53591 2.00005
DVGRID         4      32                 0.69846 2.60668
DVGRID         4      33                 0.94228 3.51662
DVGRID         4      34                 1.30801 4.88155
DVGRID         4      35                 1.85660 6.92893
DVGRID         4      36                 2.6794910.00000
DVGRID         4      37                 0.00000 2.00000
DVGRID         4      38                 0.00000 2.60664
DVGRID         4      39                 0.00000 3.51659
DVGRID         4      40                 0.00000 4.88152
DVGRID         4      41                 0.00000 6.92891
DVGRID         4      42                 0.0000010.00000
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$
$ - ANALYSIS DATA
$
GRID           1         2.00000 0.00000                    345
GRID           2         2.60664 0.00000                    345
GRID           3         3.51659 0.00000                    345
GRID           4         4.88152 0.00000                    345
GRID           5         6.92891 0.00000                    345
GRID           6        10.00000 0.00000                    345
GRID           7         1.93185 0.51764                    345
GRID           8         2.54365 0.68157                    345
GRID           9         3.46136 0.92747                    345
GRID          10         4.83791 1.29632                    345
GRID          11         6.90275 1.84959                    345
GRID          12        10.00000 2.67949                    345
GRID          13         1.73205 1.00000                    345
GRID          14         2.35900 1.36197                    345
GRID          15         3.29943 1.90493                    345
GRID          16         4.71008 2.71937                    345
GRID          17         6.82605 3.94102                    345
GRID          18        10.00000 5.77350                    345
GRID          19         1.41421 1.41421                    345
GRID          20         2.06527 2.06527                    345
GRID          21         3.04185 3.04185                    345
GRID          22         4.50672 4.50672                    345
GRID          23         6.70403 6.70403                    345
GRID          24        10.0000010.00000                    345
GRID          25         1.00000 1.73205                    345
GRID          26         1.36197 2.35900                    345
GRID          27         1.90493 3.29943                    345
GRID          28         2.71937 4.71008                    345
GRID          29         3.94102 6.82605                    345
GRID          30         5.7735010.00000                    345
GRID          31         0.51764 1.93185                    345
GRID          32         0.68157 2.54365                    345
GRID          33         0.92747 3.46136                    345
GRID          34         1.29632 4.83791                    345
GRID          35         1.84959 6.90275                    345
GRID          36         2.6794910.00000                    345
GRID          37         0.00000 2.00000                    345
GRID          38         0.00000 2.60664                    345
GRID          39         0.00000 3.51659                    345
GRID          40         0.00000 4.88152                    345
GRID          41         0.00000 6.92891                    345
GRID          42         0.0000010.00000                    345
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CQUAD4   1      100      1       2       8       7
CQUAD4   2      100      2       3       9       8
CQUAD4   3      100      3       4      10       9
CQUAD4   4      100      4       5      11      10
CQUAD4   5      100      5       6      12      11
CQUAD4   6      100      7       8      14      13
CQUAD4   7      100      8       9      15      14
CQUAD4   8      100      9      10      16      15
CQUAD4   9      100     10      11      17      16
CQUAD4  10      100     11      12      18      17
CQUAD4  11      100     13      14      20      19
CQUAD4  12      100     14      15      21      20
CQUAD4  13      100     15      16      22      21
CQUAD4  14      100     16      17      23      22
CQUAD4  15      100     17      18      24      23
CQUAD4  16      100     19      20      26      25
CQUAD4  17      100     20      21      27      26
CQUAD4  18      100     21      22      28      27
CQUAD4  19      100     22      23      29      28
CQUAD4  20      100     23      24      30      29
CQUAD4  21      100     25      26      32      31
CQUAD4  22      100     26      27      33      32
CQUAD4  23      100     27      28      34      33
CQUAD4  24      100     28      29      35      34
CQUAD4  25      100     29      30      36      35
CQUAD4  26      100     31      32      38      37
CQUAD4  27      100     32      33      39      38
CQUAD4  28      100     33      34      40      39
CQUAD4  29      100     34      35      41      40
CQUAD4  30      100     35      36      42      41
PSHELL  100     10      .15
MAT1    10      29.0E6          .208    .283
SPC1    200     2       1       2       3       4       5       6
SPC1    200     1       37      38      39      40      41      42
FORCE   1        6              1.0     1004.81 0.000
FORCE   1       12              1.0     2165.06 0.000
FORCE   1       18              1.0     2745.19 0.000
FORCE   1       24              1.0     1584.94 792.47
FORCE   1       30              1.0     0.000   1372.60
FORCE   1       36              1.0     0.000   1082.53
FORCE   1       42              1.0     0.000   502.40
ENDDATA
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2.16.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         
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30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              
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              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   76
30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  7.432170E-15 ; STRAIN ENERGY :  1.113764E+01
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30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

       1     1    4.464665E+03   9.978445E+03   1.077098E+04   1.841654E+03
                  4.238103E+03   8.374535E+03  -3.956731E+03
             2    4.464665E+03   9.978445E+03   1.077098E+04   1.841654E+03
                  4.238103E+03   8.374535E+03  -3.956731E+03

       2     1    3.295156E+03   8.912859E+03   1.014095E+04   3.550639E+03
                  4.907167E+03   8.784422E+03  -2.664540E+03
             2    3.295156E+03   8.912859E+03   1.014095E+04   3.550639E+03
                  4.907167E+03   8.784422E+03  -2.664540E+03

       3     1    2.854929E+03   7.965311E+03   9.099472E+03   3.389613E+03
                  4.296446E+03   8.192639E+03  -2.086993E+03
             2    2.854929E+03   7.965311E+03   9.099472E+03   3.389613E+03
                  4.296446E+03   8.192639E+03  -2.086993E+03

       4     1    1.986154E+03   7.318305E+03   8.445501E+03   4.473193E+03
                  4.913824E+03   8.004870E+03  -1.247464E+03
             2    1.986154E+03   7.318305E+03   8.445501E+03   4.473193E+03
                  4.913824E+03   8.004870E+03  -1.247464E+03

       5     1    1.800569E+03   7.299288E+03   8.400073E+03   4.798935E+03
                  4.864252E+03   8.334756E+03  -4.805734E+02
             2    1.800569E+03   7.299288E+03   8.400073E+03   4.798935E+03
                  4.864252E+03   8.334756E+03  -4.805734E+02
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       6     1    4.023482E+03   8.314273E+03   8.558006E+03   5.110417E+02
                  4.131423E+03   4.937625E+03  -4.003239E+03
             2    4.023482E+03   8.314273E+03   8.558006E+03   5.110417E+02
                  4.131423E+03   4.937625E+03  -4.003239E+03

       7     1    4.899100E+03   9.250431E+03   8.582429E+03  -1.215772E+03
                  2.231755E+03   5.134903E+03  -4.679115E+03
             2    4.899100E+03   9.250431E+03   8.582429E+03  -1.215772E+03
                  2.231755E+03   5.134903E+03  -4.679115E+03

       8     1    3.639194E+03   8.006321E+03   8.575789E+03   1.297401E+03
                  3.600024E+03   6.273167E+03  -3.384865E+03
             2    3.639194E+03   8.006321E+03   8.575789E+03   1.297401E+03
                  3.600024E+03   6.273167E+03  -3.384865E+03

       9     1    2.549562E+03   6.773825E+03   7.686088E+03   2.586964E+03
                  3.822200E+03   6.450853E+03  -2.184677E+03
             2    2.549562E+03   6.773825E+03   7.686088E+03   2.586964E+03
                  3.822200E+03   6.450853E+03  -2.184677E+03

      10     1    1.009856E+03   5.451943E+03   6.173600E+03   4.153889E+03
                  4.540653E+03   5.786837E+03  -7.947104E+02
             2    1.009856E+03   5.451943E+03   6.173600E+03   4.153889E+03
                  4.540653E+03   5.786837E+03  -7.947104E+02
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30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

      11     1    4.601886E+03   9.494946E+03   9.761532E+03   5.577605E+02
                  3.653327E+03   6.665965E+03  -4.348374E+03
             2    4.601886E+03   9.494946E+03   9.761532E+03   5.577605E+02
                  3.653327E+03   6.665965E+03  -4.348374E+03

      12     1    3.824311E+03   8.257885E+03   8.755496E+03   1.106873E+03
                  3.883710E+03   5.978660E+03  -3.678064E+03
             2    3.824311E+03   8.257885E+03   8.755496E+03   1.106873E+03
                  3.883710E+03   5.978660E+03  -3.678064E+03

      13     1    3.394523E+03   7.521591E+03   8.085575E+03   1.296529E+03
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                  3.401081E+03   5.981024E+03  -3.139866E+03
             2    3.394523E+03   7.521591E+03   8.085575E+03   1.296529E+03
                  3.401081E+03   5.981024E+03  -3.139866E+03

      14     1    2.246742E+03   6.101548E+03   6.946246E+03   2.452763E+03
                  3.815893E+03   5.583115E+03  -2.065691E+03
             2    2.246742E+03   6.101548E+03   6.946246E+03   2.452763E+03
                  3.815893E+03   5.583115E+03  -2.065691E+03

      15     1    1.162271E+03   4.632687E+03   5.334700E+03   3.010158E+03
                  4.290093E+03   4.054765E+03  -1.156300E+03
             2    1.162271E+03   4.632687E+03   5.334700E+03   3.010158E+03
                  4.290093E+03   4.054765E+03  -1.156300E+03

      16     1    5.001892E+03   9.948857E+03   9.893005E+03  -1.107800E+02
                  2.143713E+03   7.638512E+03  -4.179800E+03
             2    5.001892E+03   9.948857E+03   9.893005E+03  -1.107800E+02
                  2.143713E+03   7.638512E+03  -4.179800E+03

      17     1    4.131041E+03   8.747060E+03   9.162398E+03   9.003152E+02
                  2.679436E+03   7.383277E+03  -3.396170E+03
             2    4.131041E+03   8.747060E+03   9.162398E+03   9.003152E+02
                  2.679436E+03   7.383277E+03  -3.396170E+03

      18     1    3.251174E+03   7.461656E+03   8.146673E+03   1.644325E+03
                  3.021211E+03   6.769787E+03  -2.656535E+03
             2    3.251174E+03   7.461656E+03   8.146673E+03   1.644325E+03
                  3.021211E+03   6.769787E+03  -2.656535E+03

      19     1    2.495879E+03   6.318177E+03   7.103603E+03   2.111845E+03
                  3.267360E+03   5.948088E+03  -2.105431E+03
             2    2.495879E+03   6.318177E+03   7.103603E+03   2.111845E+03
                  3.267360E+03   5.948088E+03  -2.105431E+03

      20     1    1.482240E+03   4.873163E+03   5.624294E+03   2.659814E+03
                  3.808770E+03   4.475338E+03  -1.444284E+03
             2    1.482240E+03   4.873163E+03   5.624294E+03   2.659814E+03
                  3.808770E+03   4.475338E+03  -1.444284E+03
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                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S
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QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

      21     1    4.797294E+03   9.923458E+03   1.022250E+04   6.279157E+02
                  1.864199E+03   8.986222E+03  -3.214535E+03
             2    4.797294E+03   9.923458E+03   1.022250E+04   6.279157E+02
                  1.864199E+03   8.986222E+03  -3.214535E+03

      22     1    4.333336E+03   9.040211E+03   9.372385E+03   7.057143E+02
                  1.759846E+03   8.318253E+03  -2.832776E+03
             2    4.333336E+03   9.040211E+03   9.372385E+03   7.057143E+02
                  1.759846E+03   8.318253E+03  -2.832776E+03

      23     1    3.660241E+03   8.042295E+03   8.608616E+03   1.288135E+03
                  2.119982E+03   7.776769E+03  -2.323263E+03
             2    3.660241E+03   8.042295E+03   8.608616E+03   1.288135E+03
                  2.119982E+03   7.776769E+03  -2.323263E+03

      24     1    2.879861E+03   6.950844E+03   7.720670E+03   1.960948E+03
                  2.624211E+03   7.057407E+03  -1.838557E+03
             2    2.879861E+03   6.950844E+03   7.720670E+03   1.960948E+03
                  2.624211E+03   7.057407E+03  -1.838557E+03

      25     1    2.309675E+03   6.087764E+03   6.898474E+03   2.279124E+03
                  3.024077E+03   6.153521E+03  -1.698895E+03
             2    2.309675E+03   6.087764E+03   6.898474E+03   2.279124E+03
                  3.024077E+03   6.153521E+03  -1.698895E+03

      26     1    4.972358E+03   9.920109E+03   9.895317E+03  -4.939939E+01
                  4.155000E+02   9.430418E+03  -2.099324E+03
             2    4.972358E+03   9.920109E+03   9.895317E+03  -4.939939E+01
                  4.155000E+02   9.430418E+03  -2.099324E+03

      27     1    4.396719E+03   9.145698E+03   9.461339E+03   6.679011E+02
                  1.019802E+03   9.109438E+03  -1.723539E+03
             2    4.396719E+03   9.145698E+03   9.461339E+03   6.679011E+02
                  1.019802E+03   9.109438E+03  -1.723539E+03

      28     1    3.756522E+03   8.200888E+03   8.748535E+03   1.235492E+03
                  1.534596E+03   8.449431E+03  -1.468918E+03
             2    3.756522E+03   8.200888E+03   8.748535E+03   1.235492E+03
                  1.534596E+03   8.449431E+03  -1.468918E+03

      29     1    3.083254E+03   7.256725E+03   7.996572E+03   1.830065E+03
                  2.071083E+03   7.755555E+03  -1.195052E+03
             2    3.083254E+03   7.256725E+03   7.996572E+03   1.830065E+03
                  2.071083E+03   7.755555E+03  -1.195052E+03
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      30     1    2.573569E+03   6.667498E+03   7.531971E+03   2.384832E+03
                  2.645576E+03   7.271227E+03  -1.128760E+03
             2    2.573569E+03   6.667498E+03   7.531971E+03   2.384832E+03
                  2.645576E+03   7.271227E+03  -1.128760E+03
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30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.303362E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     SHAPE1     -1.000000E+02    3.036223E+01    1.000000E+02
         2     SHAPE2     -1.000000E+02   -6.198784E+00    1.000000E+02
         3     SHAPE3     -1.000000E+02    1.016347E+00    1.000000E+02
         4     SHAPE4     -1.000000E+02   -2.298096E-01    1.000000E+02
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MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1    2        1    9.978445E+03  UB   1.000000E+04   A
   QUAD4            2    2        1    8.912859E+03  UB   1.000000E+04   I
   QUAD4            3    2        1    7.965311E+03  UB   1.000000E+04   I
   QUAD4            4    2        1    7.318305E+03  UB   1.000000E+04   I
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   QUAD4            5    2        1    7.299288E+03  UB   1.000000E+04   I
   QUAD4            6    2        1    8.314273E+03  UB   1.000000E+04   I
   QUAD4            7    2        1    9.250431E+03  UB   1.000000E+04   A
   QUAD4            8    2        1    8.006321E+03  UB   1.000000E+04   I
   QUAD4           11    2        1    9.494946E+03  UB   1.000000E+04   A
   QUAD4           12    2        1    8.257885E+03  UB   1.000000E+04   I
   QUAD4           13    2        1    7.521591E+03  UB   1.000000E+04   I
   QUAD4           16    2        1    9.948857E+03  UB   1.000000E+04   A
   QUAD4           17    2        1    8.747060E+03  UB   1.000000E+04   I
   QUAD4           18    2        1    7.461656E+03  UB   1.000000E+04   I
   QUAD4           21    2        1    9.923458E+03  UB   1.000000E+04   A
   QUAD4           22    2        1    9.040211E+03  UB   1.000000E+04   A
   QUAD4           23    2        1    8.042295E+03  UB   1.000000E+04   I
   QUAD4           26    2        1    9.920109E+03  UB   1.000000E+04   A
   QUAD4           27    2        1    9.145698E+03  UB   1.000000E+04   A
   QUAD4           28    2        1    8.200888E+03  UB   1.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 4.113E-03 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   83
30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     4.1132E+00         0.0%
   1     3.7588E+00         0.0%
   2     3.0898E+00        28.1%
   3     3.2635E+00         5.2%
   4     3.3080E+00         0.0%
   5     3.3054E+00         0.0%
   6     3.3034E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   84
30 QUAD4 QUARTER PLATE WITH A HOLE MODEL                                
MINIMIZE VOLUME - 4 SHAPE DESIGN VARIABLES                              

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4
          SHAPE1        SHAPE2        SHAPE3        SHAPE4

   0     0.0000E+00    0.0000E+00    0.0000E+00    0.0000E+00 
   1     1.4516E+01   -4.7952E+00    1.1034E+00    5.0265E-02 
   2     3.3846E+01   -6.9122E+00    1.5152E+00    8.3378E-02 
   3     2.9433E+01   -6.4079E+00    1.4422E+00    1.0189E-01 
   4     2.8757E+01   -6.2098E+00    1.3101E+00    3.1955E-02 
   5     2.9476E+01   -6.2158E+00    1.1834E+00   -8.6068E-02 
   6     3.0362E+01   -6.1988E+00    1.0163E+00   -2.2981E-01 

                            ***** END OF OUTPUT *****
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2.17 Beam - Shape Perturbation

Example ID:
D017

Design Data Used:
DVAR, DVGRID, DRESP1, DCONS, DOBJ, DOPT

Special Features Used:
Shape design in a non-rectangular coordinate system with perturbation vectors.

Problem Statement:
Minimize the displacement of the tip of a cantilevered beam subject to a volume constraint.

Figure 2-10

Design Problem
Minimize displacement; 1 shape design variable and 1 volume constraint.
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Design Relationships:

Problem Description:
1. A three element cantilevered beam of length 30. is oriented -45. degrees from the X 

axis of the basic coordinate system in the XY plane. The locations of the grid points 
are defined in a local coordinate system defined by the CORD2C data. The beam is 
loaded at the tip with a load of 100. in the -Y direction.

2. The objective is to minimize the displacement of the tip of the beam in the -Y 
direction. This is done by maximizing the displacement of the tip in the +Y 
direction as specified on DRESP1 11 and DCONS 11.

3. The volume of the beam is constrained to be less than 19.
4. The one design variable controls the shape of the beam. The design variable 

controls the three perturbation vectors defined on the DVGRID data. The 
perturbation vectors are defined in the theta direction of the coordinated system 
defined on the CORD2C 1 data.

5. The perturbation vectors are in the theta direction from the initial grid point 
locations as defined on the GRID data. Note that the perturbation vectors are 
straight lines that are tangent to the circles defined by the CORD2C coordinate 
system and the initial grid point locations. The perturbation vectors have a length of 
1.

6. Note that the use of perturbation vectors defined in the cylindrical coordinate 
system in this problem will not produce a structure in which the beam is straight. 
This is because the second component of the perturbation vectors do not represent 
angular movements; they represent straight movements in the θ direction. That is, 
they have been defined in a non-rectangular coordinate system.

7. The default minimum move limit has been overridden on the DVAR data in order 
to speed convergence

8. The parameter BASIS has been set to 0 on the DOPT data in order to specify the 
use of perturbation vectors.

Results:
The displacement at the tip of the beam is reduced from 4.33 to 4.00. Note that the final shape of 
the beam is not a straight line. This is because the perturbation vectors were defined in a non-rect-
angular coordinate system. Also note that there are no constraints active in the final design. This 
is because the optimum design for this problem is at an unconstrained minimum.

DRESP1

DRESP1

DOBJ

DCONS

DVAR DVGRID
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2.17.1 Input Data

ID D017
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM
SUBTITLE = NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD IN -Y (BASIC) DIRECTION
DISP = ALL
LOAD = 300
BEGIN BULK
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       ANGLE   0.0     -100.   100.    .5      5.
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  1       2       1       1.      0.      1.      0.
DVGRID  1       3       1       1.      0.      1.      0.
DVGRID  1       4       1       1.      0.      1.      0.
$ RESPONSE - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       OBJFUN  DISP                    2       4
$ RESPONSES - SYSTEM MASS
DRESP1  11              VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    4       MINDISP         MAX
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   11      ALL             19.
$ OPTIMIZATION PARAMETERS
DOPT    10
+       BASIS   0
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$
$ --- ANALYSIS DATA
$
$ CYLINDICAL COORDINATE SYSTEM
CORD2C  1               0.      0.      0.      0.      0.      -1.
+       1.      0.      0.
GRID    1       1       0.0
GRID    2       1       10.     45.
GRID    3       1       20.     45.
GRID    4       1       30.     45.
CBAR    1       1       1       2                       1.
CBAR    2       1       2       3                       1.
CBAR    3       1       3       4                       1.
PBAR    1       1       0.5     .0417   .0104
MAT1    1       1.0E7
GRDSET                                                  345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
ENDDATA
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2.17.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   17
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

              ********************************************
              *  D E S I G N  C Y C L E      0 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   18
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL : -2.415404E-12 ; STRAIN ENERGY :  2.163612E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   19
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                
STATIC LOAD IN -Y (BASIC) DIRECTION                          LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -6.409256E-01     -6.411256E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -1.699776E-01

       3     -2.243390E+00     -2.243790E+00      0.000000E+00
              0.000000E+00      0.000000E+00     -2.719641E-01

       4     -4.326623E+00     -4.327223E+00      0.000000E+00
              0.000000E+00      0.000000E+00     -3.059597E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   20
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

              ********************************************
              *  D E S I G N  C Y C L E      0 (DESIGN)  *
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              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -4.327223E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    0.000000E+00    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   21
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   VOLUME           0  SYS             1.500000E+01  UB   1.900000E+01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   47
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   48
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

                  S O L U T I O N   R E S I D U A L S
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LOADCASE       10 ; RESIDUAL : -1.231519E-12 ; STRAIN ENERGY :  1.999748E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                
STATIC LOAD IN -Y (BASIC) DIRECTION                          LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.162963E+00     -1.456237E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -1.818410E-01

       3     -2.849314E+00     -1.832175E+00      0.000000E+00
              0.000000E+00      0.000000E+00     -2.838276E-01

       4     -5.016435E+00     -3.999496E+00      0.000000E+00
              0.000000E+00      0.000000E+00     -3.178231E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -3.999496E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    7.777778E+00    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
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3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   VOLUME           0  SYS             1.633431E+01  UB   1.900000E+01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0    -4.3272E+00         0.0%
   1    -4.0148E+00         0.0%
   2    -4.0022E+00         0.0%
   3    -4.0603E+00         0.0%
   4    -4.0003E+00         0.0%
   5    -4.0022E+00         0.0%
   6    -3.9995E+00         0.0%
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - PERTUBATION APPROACH                

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
           ANGLE

   0     0.0000E+00 
   1     5.0000E+00 
   2     1.0000E+01 
   3     3.3333E+00 
   4     6.6667E+00 
   5     1.0000E+01 
   6     7.7778E+00 

                            ***** END OF OUTPUT *****
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2.18 Beam - Basis Shape Design

Example ID:
D018

Design Data Used:
DVAR, DVGRID, DRESP1, DCONS, DOBJ

Special Features Used:
Shape design in a non-rectangular coordinate system with basis designs.

Problem Statement:
Same as D017.

Figure 2-11

Design Problem:
Same as D017.

Design Data Relationships:
Same as D017.
190 Design Examples Manual November 2009 GENESIS



Problem Description:
Same as D017 except that:

1. The basis design approach to shape optimization is used instead of the perturbation 
vector approach.

2. The single design variable controls the participation of the basis design in the actual 
design. The basis design is one in which the beam has been rotated 46 degrees from 
the X axis. This is 1 degree farther than the initial design.

3. Note that the grid point locations will not move in a circles with their centers at the 
origin, but rather in straight lines defined by their initial locations and their 
locations in the basis design. This is because the basis vector approach uses a linear 
combination of the initial shape and the basis shapes.

4. Note that the directions that grids move is not exactly tangent to the circle defined 
by their initial locations in the CORD2C coordinate system. The direction of 
movement is subtangent to this circle. To see this clearly imagine the basis design 
was a beam located 135 degrees from the X axis. In this case the grids would move 
along a line that is parallel to the X axis. If the basis design was closer to the initial 
design, say 45.001 degree from the X axis, then the direction of grid movement 
would be more nearly tangent.

5. Since the beam is straight in the initial and basis designs, it will be straight in the 
actual design.

6. Because the grids move only tangent to the circle defined by CORD2C (see note 4 
above), the length of the beam will change as the shape changes.

Results:
The displacement of the tip of the beam is reduced from 4.33 to 0.25. Note that the shape of the 
beam becomes more parallel to the load. This is because the beam is stiffer in tension than in 
bending. The volume constraint is active in the final design. If there were no volume constraint 
the final design would be parallel with the load (Y axis). Note that the final shape of the beam 
makes an angle of 83.2 degrees with the X axis and the final length is 37.9.
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2.18.1 Input Data

ID D018
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM
SUBTITLE = NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD IN -Y (BASIC) DIRECTION
DISP = ALL
LOAD = 300
BEGIN BULK
DOPT
+       BASIS   1
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       ANGLE   0.0     -100.   100.    .5      5.
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  1       2       1               10.     46.     0.
DVGRID  1       3       1               20.     46.     0.
DVGRID  1       4       1               30.     46.     0.
$ RESPONSE - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       OBJFUN  DISP                    2       4
$ RESPONSES - SYSTEM MASS
DRESP1  11              VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    4       MINDISP         MAX
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   11      ALL             19.
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$
$ --- ANALYSIS DATA
$
$ CYLINDICAL COORDINATE SYSTEM
CORD2C  1               0.      0.      0.      0.      0.      -1.
+       1.      0.      0.
GRID    1       1       0.0
GRID    2       1       10.     45.
GRID    3       1       20.     45.
GRID    4       1       30.     45.
CBAR    1       1       1       2                       1.
CBAR    2       1       2       3                       1.
CBAR    3       1       3       4                       1.
PBAR    1       1       0.5     .0417   .0104
MAT1    1       1.0E7
GRDSET                                                  345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
ENDDATA
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2.18.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   47
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   48
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL : -9.306319E-13 ; STRAIN ENERGY :  1.240477E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
STATIC LOAD IN -Y (BASIC) DIRECTION                          LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -3.054855E-01     -3.689322E-02      0.000000E+00
              0.000000E+00      0.000000E+00     -4.567546E-02

       3     -1.069244E+00     -1.287527E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -7.308074E-02

       4     -2.062139E+00     -2.480953E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -8.221583E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
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              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -2.480953E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    4.471901E+01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   VOLUME           0  SYS             1.894717E+01  UB   1.900000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0    -4.3272E+00         0.0%
   1    -3.6100E+00         0.0%
   2    -2.9779E+00         0.0%
   3    -2.2450E+00         0.0%
   4    -9.7809E-01         0.0%
   5    -1.7767E-01         1.4%
   6    -2.4810E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM                           
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
           ANGLE

   0     0.0000E+00 
   1     5.0000E+00 
   2     1.0000E+01 
   3     1.6667E+01 
   4     3.1481E+01 
   5     4.6668E+01 
   6     4.4719E+01 

                            ***** END OF OUTPUT *****
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2.19 Beam - Grid Location Constraint

Example ID:
D019

Design Data Used:
DVAR, DVGRID, DRESP1, DCONS, DOBJ, GRID continuation.

Special Features Used:
Grid location constraint data on GRID continuation.

Problem Statement:
Same as D018 with a grid location constraint.

Figure 2-12

Design Problem:
Same as D018 with a grid location constraint.
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Design Data Relationships:
Same as D018.

Problem Description:
Same as D018 except that:

1. There is a grid location constraint on GRID 4. This data is input using the GRID 
data continuation line. Since the constraint parameter MV is zero this is a location 
constraint on the design, rather than a move limit.

2. Since the GRID location is defined in the CORD2C 1 coordinate system the grid 
location constraint is also defined in this coordinate system.

3. The upper bound on the theta coordinate is defined to be 80 degrees on the GRID 
continuation.

Results:
1. Note that there is a warning message issued when grid location move limits are 

defined in a non-rectangular coordinate system. This is because the θ and Φ 
coordinates are not continuous between 360 and 0 degrees. Constraints near these 
values may cause unexpected errors. This is not a problem in this example since the 
constraint is at 80 degrees.

2. The displacement of the tip of the beam is reduced from 4.33 to 0.47. Note that this 
is larger than in D018 because the angle of the beam has been reduced from 83.2 to 
80 degrees.
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2.19.1 Input Data

ID D019
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT
SUBTITLE = NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD IN -Y (BASIC) DIRECTION
DISP = ALL
LOAD = 300
BEGIN BULK
DOPT
+       BASIS   1
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       ANGLE   0.0     -100.   100.    .5      5.
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  1       2       1               10.     46.     0.
DVGRID  1       3       1               20.     46.     0.
DVGRID  1       4       1               30.     46.     0.
$ RESPONSE - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       OBJFUN  DISP                    2       4
$ RESPONSES - SYSTEM MASS
DRESP1  11              VOLUME
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    4       MINDISP         MAX
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   11      ALL             19.
$ GRID 4 HAS MOVE LIMIT
GRID    4       1       30.     45.
+                                       80.
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$
$ --- ANALYSIS DATA
$
$ CYLINDICAL COORDINATE SYSTEM
CORD2C  1               0.      0.      0.      0.      0.      -1.
+       1.      0.      0.
$ GRIDS
GRID    1       1       0.0
GRID    2       1       10.     45.
GRID    3       1       20.     45.
CBAR    1       1       1       2                       1.
CBAR    2       1       2       3                       1.
CBAR    3       1       3       4                       1.
PBAR    1       1       0.5     .0417   .0104
MAT1    1       1.0E7
GRDSET                                                  345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
$
ENDDATA
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2.19.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   47
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
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              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   48
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL :  1.573080E-12 ; STRAIN ENERGY :  2.335401E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
STATIC LOAD IN -Y (BASIC) DIRECTION                          LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -3.916788E-01     -6.932780E-02      0.000000E+00
              0.000000E+00      0.000000E+00     -6.146900E-02

       3     -1.370938E+00     -2.422943E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -9.835041E-02

       4     -2.643987E+00     -4.670801E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -1.106442E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -4.670801E-01
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 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    3.987279E+01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   VOLUME           0  SYS             1.819973E+01  UB   1.900000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0    -4.3272E+00         0.0%
   1    -3.6100E+00         0.0%
   2    -2.9779E+00         0.0%
   3    -2.2450E+00         0.0%
   4    -9.7809E-01         0.0%
   5    -4.6847E-01         0.0%
   6    -4.6708E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH GRID MOVE LIMIT      
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
           ANGLE

   0     0.0000E+00 
   1     5.0000E+00 
   2     1.0000E+01 
   3     1.6667E+01 
   4     3.1481E+01 
   5     3.9846E+01 
   6     3.9873E+01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.20 Beam - DRESP2 Grid Location Constraint

Example ID
D020

Design Data Used:
DVAR, DVGRID, DRESP1, DRESP2, DEQATN, DCONS, DOBJ

Special Features Used:
DRESP2 grid location constraint.

Problem Statement:
Same as D018 with a DRESP2 grid location constraint.

Design Problem:
Same as D018 with a DRESP2 grid location constraint.

Figure 2-13
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Design Data Relationships:

Problem Description:
Same as D018 except that:

1. There is a grid location constraint on grid 4. The DRESP2 1 data specifies the Y 
coordinate of the location of grid 4 in the basic coordinate system. Note that the 
DGRID data on a DRESP2 entry always refers to the location of the grid in the basic 
coordinate system.

2. DEQATN 1000 specifies that the function value is equal to the argument value, in 
other words the grid location.

3. The Y coordinate of grid 4 is constrained to be greater than -36.0 on the DCONS 1 
data.

4. There is no volume constraint in this example.

Results:
The displacement of the tip of the beam is reduced from 4.33 to 0.46. The grid location constraint 
is active in the final design. The final angle is 80.1 degrees.

DRESP1

DRESP1

DOBJ

DCONS

DVAR DVGRID

DRESP1 DCONS
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2.20.1 Input Data

ID D020
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT
SUBTITLE = NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD IN -Y (BASIC) DIRECTION
DISP = ALL
LOAD = 300
BEGIN BULK
DOPT
+       BASIS   1
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       ANGLE   0.0     -100.   100.    .5      5.
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  1       2       1               10.     46.     0.
DVGRID  1       3       1               20.     46.     0.
DVGRID  1       4       1               30.     46.     0.
$ RESPONSE - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       OBJFUN  DISP                    2       4
$ RESPONSES - THE Y COORDINATE OF GRID 4
DRESP2  1       BOUND   1000
+       DGRID   4       2
DEQATN  1000    L(A)=A
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    4       MINDISP         MAX
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   1       ALL     -36.    0.
208 Design Examples Manual November 2009 GENESIS



$
$ --- ANALYSIS DATA
$
$ CYLINDICAL COORDINATE SYSTEM
CORD2C  1               0.      0.      0.      0.      0.      -1.
+       1.      0.      0.
GRID    1       1       0.0
GRID    2       1       10.     45.
GRID    3       1       20.     45.
GRID    4       1       30.     45.
CBAR    1       1       1       2                       1.
CBAR    2       1       2       3                       1.
CBAR    3       1       3       4                       1.
PBAR    1       1       0.5     .0417   .0104
MAT1    1       1.0E7
GRDSET                                                  345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
ENDDATA
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2.20.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT    
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
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              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -4.606903E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    3.999775E+01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT    
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

 CONSTRAINT

                        RESPONSE 2          
  --------------------------------------------------------------------------
-
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BOUND            1                 -3.589200E+01  LB  -3.600000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   55
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT    
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
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THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   56
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT    
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0    -4.3272E+00         0.0%
   1    -3.6100E+00         0.0%
   2    -2.9779E+00         0.0%
   3    -2.2450E+00         0.0%
   4    -9.7809E-01         0.0%
   5    -4.6069E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   57
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 MOVE LIMIT    
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
           ANGLE

   0     0.0000E+00 
   1     5.0000E+00 
   2     1.0000E+01 
   3     1.6667E+01 
   4     3.1481E+01 
   5     3.9998E+01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.21 Beam - Deformed Shape Constraint

Example ID:
D021

Design Data Used: 
DVAR, DVGRID, DRESP1, DRESP2, DEQATN, DCONS, DOBJ

Special Features Used:
DRESP2 deformed shape constraint.

Problem Statement:
Same as D018 with a deformed shape constraint.

Figure 2-14

Design Problem:
Same as D018 with a deformed shape constraint.
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Design Data Relationships:

Problem Description:
Same as D018 except that:

1. The Y location in the deformed shape of the tip of the beam is constrained to be 
greater than -36.0.

2. DRESP2 1 specifies the location of the Y coordinate of the tip of the beam and the 
displacement in the Y direction of the tip of the beam. These two quantities are 
added in DEQATN 1000 and the result is constrained to be greater than -36.0 in 
DCONS 1.

Results:
The displacement of the tip of the beam is reduced from 4.33 to 0.53. The deformed shape con-
straint is active in the final design. The final length is 36.4.

DRESP1

DRESP1

DOBJ

DCONS

DVAR DVGRID

DRESP1 DRESP2 DCONS
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2.21.1 Input Data

ID D021
CEND
$
LINE = 64,80
TITLE = 3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT
SUBTITLE = NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH
SPC = 100
LOADCASE 10
LABEL = STATIC LOAD IN -Y (BASIC) DIRECTION
DISP = ALL
LOAD = 300
BEGIN BULK
DOPT
+       BASIS   1
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
DVAR    1       ANGLE   0.0     -100.   100.    .5      5.
$ DESIGN VARIABLE TO GRID POINT LOCATION RELATIONSHIPS
DVGRID  1       2       1               10.     46.     0.
DVGRID  1       3       1               20.     46.     0.
DVGRID  1       4       1               30.     46.     0.
$ RESPONSE - DISPLACEMENT IN DIRECTION 2 AT GRID 4
DRESP1  4       OBJFUN  DISP                    2       4
$ RESPONSES - THE Y COORDINATE OF GRID 4
DRESP2  1       BOUND   1000
+       DGRID   4       2
+       DRESP1  4
DEQATN  1000    L(Y,V)=Y+V
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    4       MINDISP         MAX
$ CONSTRAINTS - DISPLACEMENT IN LOADCASES ==> STATIC LOADCASE 10
DCONS   1       ALL     -36.    0.
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$
$ --- ANALYSIS DATA
$
$ CYLINDICAL COORDINATE SYSTEM
CORD2C  1               0.      0.      0.      0.      0.      -1.
+       1.      0.      0.
GRID    1       1       0.0
GRID    2       1       10.     45.
GRID    3       1       20.     45.
GRID    4       1       30.     45.
CBAR    1       1       1       2                       1.
CBAR    2       1       2       3                       1.
CBAR    3       1       3       4                       1.
PBAR    1       1       0.5     .0417   .0104
MAT1    1       1.0E7
GRDSET                                                  345
SPC1    100     123456  1
FORCE   300     4               100.    0.0     -1.0    0.0
ENDDATA
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2.21.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   49
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
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              ********************************************
              *  D E S I G N  C Y C L E      5 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   50
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL :  5.833825E-13 ; STRAIN ENERGY :  2.640863E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   51
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               
STATIC LOAD IN -Y (BASIC) DIRECTION                          LOADCASE        10

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -4.096715E-01     -7.837664E-02      0.000000E+00
              0.000000E+00      0.000000E+00     -6.506540E-02

       3     -1.433916E+00     -2.739703E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -1.041046E-01

       4     -2.765448E+00     -5.281725E-01      0.000000E+00
              0.000000E+00      0.000000E+00     -1.171177E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   52
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                T Y P E   2/3   R E S P O N S E   V A L U E S

      LABEL          RID        TYPE          LID   NUMBER            VALUE

      BOUND            1    DISPLACEMENT       10        1        -3.594870E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   53
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
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NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE = -5.281725E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGLE      -1.000000E+02    3.871305E+01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   54
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

 CONSTRAINT

                        RESPONSE 2          
  --------------------------------------------------------------------------
-
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BOUND            1                 -3.594870E+01  LB  -3.600000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   55
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   56
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0    -4.3272E+00         0.0%
   1    -3.6100E+00         0.0%
   2    -2.9779E+00         0.0%
   3    -2.2450E+00         0.0%
   4    -9.7809E-01         0.0%
   5    -5.2817E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   57
3 BAR CANTILEVERED BEAM: SHAPE DESIGN PROBLEM WITH DRESP2 DESIGN LIMIT  
NON RECTANGULAR COORDINATE SYSTEM - BASIS VECTOR APPROACH               

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
           ANGLE

   0     0.0000E+00 
   1     5.0000E+00 
   2     1.0000E+01 
   3     1.6667E+01 
   4     3.1481E+01 
   5     3.8713E+01 
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.22 Design of a Straight Uniform Fin 

Example ID:
D022

Design Data Used: 
DVAR, DVPROP2, DEQATN, DRESP1, DCONS, DOBJ

Special Feature Used: 
NONE

Problem Statement: 
Minimize the volume of the uniform fin described in A019 subjected to temperature constraints.

Figure 2-15

Design Problem:
Minimize volume.

1. One design variable (radius of the fin).
2. One set of temperature constraints.
3. One heat transfer load case that includes conduction and convection.

L = 5 cm

End Surface A

Radius

t1 t2 t3

2.5 cm 2.5 cm
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Design Data Relationships:

Problem Description:
1. The structure consists of 2 rod elements subjected to an enforced temperature at the 

root. In addition two CHBDY-LINE elements are used to model convection 
through the length and one CHBDY-POINT element is used to model the 
convection through the tip.

2.  The temperature at grids 2 and 3 (specified in DRESP1 22) is constrained to be 
greater than 90 K (using DCONS 22 statement).

3. There is one design variable that controls the area of the rods and the area factors of 
the CHBDY elements.

Calculated Solutions:
The final design volume is 19.97 cm3 and the radius 3.57 cm. The temperature at grid 3 is active 
at the final design. The optimum was found in 9 design cycles.

DEQATN

DRESP1

DVAR DVPROP2 PROD, PHBDY

DRESP1

DCONS

DOBJ
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2.22.1 Input Data

ID D022
CEND
TITLE = DESIGN OF STRAIGHT UNIFORM FIN.
LINE=64,80
ECHO=NONE
SUMMARY=NO
APRINT=NONE
DPRINT=LAST
LOADCASE 1
LABEL=  CONVECTION FIN ANALYSIS USING 1 POINT-CHBDY & 2 LINE-CHBDYS.
SPC=101
HEAT=101
THERMAL=ALL
$
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$    DESIGN VARIABLE DEFINITION
DVAR    1       RADIUS  1.0     0.1     100.0
$
$    DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
$    FOR PROD 22: AREA, FOR PHBDY 109 (LINE): AF, FOR PHBDY 309 (POINT): AF.
$
DVPROP2 22      22      1       111
+       DVAR    1
+       DTABLE  1
DVPROP2 109     109     1       112
+       DVAR    1
+       DTABLE  1
DVPROP2 309     309     1       111
+       DVAR    1
+       DTABLE  1
DEQATN  111     AREA(RADIUS,PI) = PI*RADIUS**2
DEQATN  112     AF(RADIUS,PI)   = 2*PI*RADIUS
DTABLE  PI      3.141592
$
$    RESPONSES
DRESP1  20      W       MASS
DRESP1  22      V4      TEMP                            2       3
$    OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$    CONSTRAINTS
DCONS   22      ALL     90.0
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$
$---- ANALYSIS DATA
$
$    HEAT TRANSFER BOUNDARY CONDITIONS
$
SPC1    101             1
SPCD    101     1               140.0
$
$   AMBIENT TEMPERATURE
$
SPC1    101             999
SPCD    101     999             40.0
GRID    999     0       0.0     0.0     3.0
$
$   GRID DATA
$
GRID    1       0       0.0     0.0     0.0     0       123456
GRID    2       0       2.5     0.0     0.0     0       0
GRID    3       0       5.0     0.0     0.0     0       0
$
$   ELEMENT DEFINITIONS
$
CROD    1       22      1       2
CROD    2       22      2       3
CHBDY   11      109     LINE    1       2
+       999     999                     1.0     0.0     0.0
CHBDY   12      109     LINE    2       3
+       999     999                     1.0     0.0     0.0
CHBDY   13      309     POINT   3
+       999                             1.0     0.0     0.0
$
$   PROPERTY DEFINITIONS
$
PROD    22      70      3.141592
PHBDY   109     5       6.283185        1.0
PHBDY   309     5       3.141592        1.0
$
$
$   MATERIAL DATA
$
MAT1    70      1.0+7           0.30    0.1
MAT4    70      70.0
MAT1    5       1.0+7           0.30    0.1
MAT4    5       5.0
$
ENDDATA
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2.22.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
DESIGN OF STRAIGHT UNIFORM FIN.                                         
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              ********************************************
              *  D E S I G N  C Y C L E      9 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.996760E+01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     RADIUS      1.000000E-01    3.565357E+00    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
DESIGN OF STRAIGHT UNIFORM FIN.                                         
                                                                        

 CONSTRAINT

                        TEMPERATURE         
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID         ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    2             1    1.065761E+02  LB   9.000000E+01   I
                    3             1    9.055071E+01  LB   9.000000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    3
DESIGN OF STRAIGHT UNIFORM FIN.                                         
                                                                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    4
DESIGN OF STRAIGHT UNIFORM FIN.                                         
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.5708E+00        29.6%
   1     2.2291E+00        25.2%
   2     3.1036E+00        21.0%
   3     4.2613E+00        17.0%
   4     5.7366E+00        13.3%
   5     7.5931E+00         9.9%
   6     9.8864E+00         6.8%
   7     1.2698E+01         4.0%
   8     1.6047E+01         1.6%
   9     1.9968E+01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    5
DESIGN OF STRAIGHT UNIFORM FIN.                                         
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
          RADIUS

   0     1.0000E+00 
   1     1.1912E+00 
   2     1.4056E+00 
   3     1.6471E+00 
   4     1.9110E+00 
   5     2.1986E+00 
   6     2.5088E+00 
   7     2.8432E+00 
   8     3.1962E+00 
   9     3.5654E+00 
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                            ***** END OF OUTPUT *****
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2.23 Design of a Square Plate with Volume Heat Generation 
and Enforced Temperature

Example ID:
D023         

Design Data Used:
DVAR, DVPROP3, DRESP1, DCONS, DOBJ

Special Feature Used:
Design using heat transfer analysis

Problem Statement:
Minimize the volume of the square plate described in A020 subjected to temperature constraints. 
Consider that there is also convection through one of the faces of the plate and through the lines 
defined by (0,Y) and (X,0). Assume that the ambient temperature is 50.0 K and a convection coef-
ficient of 5.0 Watt/cm2- K.

Figure 2-16

Qv

t = t∞

t = t∞
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XX
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Design Variable = Thickness
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Design Problem:
Minimize volume.

1. One design variable (thickness of the plate).
2. One set of temperature constraints.
3. One heat transfer load case.

Design Data Relationships:

Problem Description:
1. The structure consists of 8 TRIA3 elements subjected to a volumetric heat 

generation load and an enforced temperature at the root. There are also 8 CHBDY-
AREA3 elements to model convection through one face and 4 CHBDY-LINE 
elements to model the convection through the (0,Y) and (X,0) boundaries. 

2. The temperatures at grids 1,2,4 and 5 specified in DRESP1 1 are constrained to be 
between 40 K and 100 K (using DCONS 1 statement).

3. The set of plate element properties will be controlled by a single design variable 
(DVAR 1) using one DVPROP3 data statement. Note that this will change the eight 
TRIA3 element thickness at the same time. Also, the area factor AF of the CHBDY-
LINE elements is controlled by design variable 1.

Results:
The final volume is 40.30 cm3. The lower bound temperature constraints on grids 4 and 5 are 
active at the final design. It takes three design cycles to converge.

DRESP1

DVAR DVPROP3

DRESP1

DCONS

DOBJ

PSHELL
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2.23.1 Input Data

ID D023
CEND
TITLE= DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED 
TEMPERATURE.
SUBTITLE = 1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP
LINE=64,80
ECHO=NONE
APRINT=NONE
DPRINT=LAST
SUMMARY=NO
LOADCASE 1
LABEL= HEAT TRANSFER LOAD CASE.
     HEAT=200
     SPC=22
     THERMAL=ALL
BEGIN BULK
$
$ --- DESIGN DATA
$
$   DESIGN VARIABLES
$
DVAR    1       THICKNS 1.0     0.1     10.0
$
$   DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$
DVPROP3 1       22       SOLID
+       1
DVPROP1 2       23       1
+       1       1.0
$   RESPONSES - TEMPERATURE OF GRIDS 1,2,4 & 5.
$
DRESP1  1       TEMPi    TEMP                           1       2       4
+       5
$   RESPONSES - SYSTEM VOLUME
$
DRESP1  11      OBJ_FUN VOLUME
$
$   OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
$
DOBJ    11
$
$   CONSTRAINTS - TEMPERATURE IN HEAT TRANSFER LOADCASE 1
$
DCONS   1       1       40.0    100.0
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$
$ --- ANALYSIS DATA
$
$   BOUNDARY CONDITIONS
$   ENFORCED TEMPERATURE DATA AND AMBIENT TEMPERATURE OF 50 DEGRES
$
SPCD    200     3               50.0
SPCD    200     6               50.0
SPCD    200     7               50.0
SPCD    200     8               50.0
SPCD    200     9               50.0
SPCD    200     999             50.0
$
SPC1    22              7       8       9
SPC1    22              3       6
SPC1    22              999
$
$   GRID DATA
$
GRID    1       0       0.      0.      0.0     0
GRID    2       0       5.0     0.      0.0     0
GRID    3       0       10.     0.      0.0     0
GRID    4       0       0.      5.0     0.0     0
GRID    5       0       5.0     5.0     0.0     0
GRID    6       0       10.     5.0     0.0     0
GRID    7       0       0.      10.     0.0     0
GRID    8       0       5.0     10.     0.0     0
GRID    9       0       10.     10.     0.0     0
$
$   ELEMENT DEFINITIONS
$
CTRIA3  1       22      1       2       4
CTRIA3  2       22      4       2       5
CTRIA3  3       22      2       3       5
CTRIA3  4       22      5       3       6
CTRIA3  5       22      4       5       7
CTRIA3  6       22      7       5       8
CTRIA3  7       22      5       6       8
CTRIA3  8       22      8       6       9
$
CHBDY   11       24     AREA3   1       2       4
+       999     999
CHBDY   12       24     AREA3   4       2       5
+       999     999
CHBDY   13       24     AREA3   2       3       5
+       999     999
CHBDY   14       24     AREA3   5       3       6
+       999     999
CHBDY   15       24     AREA3   4       5       7
+       999     999
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CHBDY   16       24     AREA3   7       5       8
+       999     999
CHBDY   17       24     AREA3   5       6       8
+       999     999
CHBDY   18       24     AREA3   8       6       9
$
CHBDY   111     23      LINE    1       2
+       999     999
CHBDY   112     23      LINE    2       3
+       999     999
CHBDY   113     23      LINE    1       4
+       999     999
CHBDY   114     23      LINE    4       7
+       999     999
SPOINT  999
$
$   PROPERTY DEFINITIONS
$
PSHELL  22      33      1.
PHBDY   23      34      1.
PHBDY   24      34
$
$   MATERIAL DATA
$
MAT1    33      1.0+6           0.25
MAT4    33      30.0
MAT4    34      5.0
$
$   HEAT TRANSFER LOADS
$
QVOL    200     100.0   1       2       3       4
QVOL    200     100.0   5       6       7       8
$
ENDDATA
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2.23.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED TEMPERAT
1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP                              
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              ********************************************
              *  D E S I G N  C Y C L E      3 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  4.029791E+01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     THICKNS     1.000000E-01    4.029791E-01    1.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED TEMPERAT
1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP                              

 CONSTRAINT

                        TEMPERATURE         
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID         ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    1             1    4.716965E+01  LB   4.000000E+01   I
                    2             1    4.670312E+01  LB   4.000000E+01   I
                    4             1    4.166881E+01  LB   4.000000E+01   A
                    5             1    4.011942E+01  LB   4.000000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    3
DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED TEMPERAT
1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP                              

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
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APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    4
DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED TEMPERAT
1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP                              

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.0000E+02         0.0%
   1     5.0000E+01         0.0%
   2     4.1472E+01         0.0%
   3     4.0298E+01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    5
DESIGN OF SQUARE PLATE WITH VOLUME HEAT GENERATION AND ENFORCED TEMPERAT
1 DESIGN VARIABLE - 1 DVPROP3 RELATIONSHIP                              

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               1
         THICKNS

   0     1.0000E+00 
   1     5.0000E-01 
   2     4.1472E-01 
   3     4.0298E-01 

                            ***** END OF OUTPUT *****
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2.24 Three Rod Truss - Design Using Multidisciplinary Load 
Cases

Example ID:
D024         

Design Data Used:
DVAR, DVPROP1, DRESP1, DOBJ, DCONS 

Special Feature Used:
Multiple load case types.

Problem Statement:
Considering the analysis problem described in A029, minimize the mass of the structure shown in 
Figure 2-17. Also, consider that

1. For the heat transfer analysis the temperature of grid 4 should be between 
-36 and 36 degrees.

2. for the frequency calculation analysis the first natural frequency should be below 
75 hz.

3. for the static analysis the displacement on grid 4 should be below 0.2 and the stress 
in each element should be between -1500 and 2000.

4. for the direct dynamic response analysis the magnitude of the displacement at grid 
4 should be smaller than 0.2

5. for the modal dynamic response analysis the real part of the displacement on grid 4 
should be smaller than 0.2.
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The three design variables are the rod areas.

Figure 2-17

Design Problem: 
Minimize mass

1. 3 sizing design variables
2. 5 load cases
3. temperature constraints in heat transfer load case.
4. static displacement constraints in static load case.
5. static stress constraints in static load case.
6. natural frequency constraints in frequency calculation load case.
7. dynamic displacement constraints in direct and modal dynamic response load cases.

LOADCASE 1

LOADCASE 5LOADCASE 4

LOADCASE 2 LOADCASE 3
HEAT TRANSFER STATIC LOADS NORMAL MODES

DIRECT FREQUENCY MODAL FREQUENCY

Q P

ΔT ΔΤ1
ΔΤ2

ΔΤ3

Modes

P=20000e
i20 P=19000e

i20
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Design Data Relationships:

Results:
The final volume is 1.542. The temperature at grid 4 and the first natural frequency are active in 
the final design. The problem converged in 6 design cycles.

DRESP1

DVAR DVPROP1

DRESP1

DCONS

DOBJ

PROD
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2.24.1 Input Data
ID D024
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - MULTIDICIPLINARY OPTIMIZATION
SUBTITLE=TEMP, FREQ, STATIC DISP AND STRESS, AND DYNAMIC DDISP AND MDISP 
CONSTRAINTS
ECHO=NONE
APRINT=FLAST
DPRINT=FLAST
LOADCASE 1
LABEL = HEAT TRANSFER LOACASE
SPC=50
HEAT=50
THERMAL=ALL
LOADCASE 2
LABEL = STATIC LOACASE: USES TEMPERATURE LOADING GENERATED BY HEAT TRANSFER
SPC=100
TEMP=1
LOAD=100
DISP = ALL
STRESS = ALL
LOADCASE 3
LABEL = NATURAL FREQUENCY LOACASE
SPC=100
METHOD=300
LOADCASE 4
LABEL = FREQUENCY RESPONSE LOACASE USING DIRECT DYNAMIC ANALYSIS
SPC=100
FREQ=200
DLOAD=400
DISP = ALL
LOADCASE 5
LABEL = FREQUENCY RESPONSE LOACASE USING MODAL DYNAMIC ANALYSIS AND MODAL 
DAMPING
FREQ=200
DLOAD=500
MODES=3
SDAMPING=500
DISP = ALL
BEGIN BULK
$
$---- FREQUENCY DEFINITION
$
FREQ    200     20.0
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
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DVAR    2       A2      2.0     0.1     100.0
DVAR    3       A3      1.0     0.1     100.0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
DVPROP1 30      13      1
+DP3    3       1.0
$ RESPONSES
DRESP1  5       MASS    MASS
DRESP1  10      TEMP    TEMP                            ALL
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
DRESP1  25      S3      STRESS  PROD            2       13
DRESP1  30      W1      FREQ                    1
DRESP1  41      MAG_U4  DDISP                   1       4
DRESP1  42      MAG_V4  DDISP                   2       4
DRESP1  51      REA_U4  MDISP                   13      4
DRESP1  52      REA_V4  MDISP                   14      4
$ OBJECTIVE FUNCTION
DOBJ    5       MASS            MIN
$ CONSTRAINTS
DCONS   10      1       -36.0   36.0
DCONS   21      2       -0.20   0.20
DCONS   22      2       -0.20   0.20
DCONS   23      2       -15000. 20000.
DCONS   24      2       -15000. 20000.
DCONS   25      2       -15000. 20000.
DCONS   30      3       75.0
DCONS   41      4               0.20
DCONS   42      4               0.20
DCONS   51      5               0.20
DCONS   52      5               0.20
$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ STRUCTURAL BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ THERMAL BOUNDARY CONDITION DATA
SPC1    50              1       2       3
SPCD    50      1               25.0
GENESIS November 2009 Design Examples Manual 241



SPCD    50      2               25.0
SPCD    50      3               25.0
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1     0.1E-6  20.0
MAT4    1       70.0
$ HEAT TRANSFER LOAD
QHBDY   50      POINT   100.0   1.0     4
$ EIGENVALUE METHOD
EIGR    300     SUB                             2       MASS
$ STATIC LOAD
FORCE   100     4               20000.  0.0     -1.0
$ DYNAMIC LOAD
TABLED1 45
+       1.0     1.0     100.0   1.0
RLOAD1  400                             45              444
FORCE   444     4               20000.  -0.8    -0.6
RLOAD1  500                             45              555
FORCE   555     4               19000.  0.8     -0.6
$ MODAL DAMPING
TABDMP1 500     G
+       1.0     0.05    100.0   0.05
ENDDATA
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2.24.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
THREE ROD TRUSS - MULTIDICIPLINARY OPTIMIZATION                         
TEMP, FREQ, STATIC DISP AND STRESS, AND DYNAMIC DDISP AND MDISP CONSTRA 
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PROJECT NAME: D024                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                      4
                  NUMBER OF CROD ELEMENTS:                    3
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         3
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:               2
                  NUMBER OF THERMAL DEGREES OF FREEDOM:       4

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                  15
                 NUMBER OF CONSTRAINTS:                       28

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 NUMBER OF FREQUENCY LOAD CASES:               1
                 NUMBER OF HEAT TRANSFER LOAD CASES:           1
                 NUMBER OF DIRECT DYNAMIC LOAD CASES:          1
                 NUMBER OF MODAL  DYNAMIC LOAD CASES:          1
                 TOTAL NUMBER OF LOAD CASES:                   5
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              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.551894E+00
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 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    1.637912E-01    1.000000E+02
         2     A2          1.000000E-01    1.088622E+00    1.000000E+02
         3     A3          1.000000E-01    1.637912E-01    1.000000E+02
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              2    2        2    1.660623E+04  UB   2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   25
THREE ROD TRUSS - MULTIDICIPLINARY OPTIMIZATION                         
TEMP, FREQ, STATIC DISP AND STRESS, AND DYNAMIC DDISP AND MDISP CONSTRA 

 CONSTRAINT

                        FREQUENCY           
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                 MODE         ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    1             3    7.530739E+01  LB   7.500000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        TEMPERATURE         
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID         ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    1             1    2.500000E+01  UB   3.600000E+01   I
                    2             1    2.500000E+01  UB   3.600000E+01   I
                    3             1    2.500000E+01  UB   3.600000E+01   I
                    4             1    3.582040E+01  UB   3.600000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        MODAL DYN. DISPL.   
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    4  13        5   1  1.411708E-01 UB   2.000000E-01   I
                    4  13        5   1  1.411708E-01 UB   2.000000E-01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
246 Design Examples Manual November 2009 GENESIS



THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.8284E+00         0.0%
   1     2.6440E+00         0.0%
   2     1.8350E+00         0.0%
   3     1.7243E+00         0.0%
   4     1.6242E+00         0.0%
   5     1.5629E+00         0.0%
   6     1.5519E+00         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2            A3

   0     1.0000E+00    2.0000E+00    1.0000E+00 
   1     5.8126E-01    1.0000E+00    5.8126E-01 
   2     3.4858E-01    8.4913E-01    3.4858E-01 
   3     2.7040E-01    9.5950E-01    2.7040E-01 
   4     2.0624E-01    1.0408E+00    2.0624E-01 
   5     1.7159E-01    1.0776E+00    1.7159E-01 
   6     1.6379E-01    1.0886E+00    1.6379E-01 

                            ***** END OF OUTPUT *****
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2.25 Cantilevered Beam - Dynamic Stress Constraints

Example ID: 
D025         

Design Data Used:
       DVAR, DVPROP3, DRESP1, DCONS, DOBJ, DOPT, DSCREEN 

Special Feature Used:
Frequency response analysis using direct dynamic analysis. Utilization of DSCREEN data to 
increase the number of retained dynamic constraints. 

Problem Statement: 
Considering the analysis problem described in A025, minimize the volume of the cantilevered 
beam. Also, consider that the magnitude of the stresses should be smaller than 20.

Design Problem: 
Minimize volume.

1.  4 sizing design variables (B dimension of square sections).
2.  1 direct dynamic response load case. P=100 N.
3. Exciting frequencies for the problem are: f1=1.0e-8 hz, f2=8.8 hz and f3=57.1 hz.
4. Constraints of magnitude of the dynamic stresses. Limit is 20.0.

1 2 3 4

1 2
X

Z

3 4 5 100

100

P=100e 2πf(t - 60)

3000 mm
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Analysis Data Relationships:

Results:
The final volume is 9.84E6. The magnitude of the stresses of beams 2,3 and 4 are active in the 
final design. The problem converged in 13 design cycles. 

DRESP1

DVAR DVPROP3

DRESP1

DOBJ

DCONS

PROD

DSCREEN

DOPT
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2.25.1 Input Data

ID D025
CEND
$
TITLE=CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS
LINE=64,80
ECHO=NONE
$
$ PRINT ONLY LAST CYCLE RESULTS
DPRINT=LAST
$
LOADCASE 2
LABEL = ANALYSIS SOLUTION USING DIRECT DYNAMIC RESPONSE
FREQ = 2
DLOAD = 2
$
BEGIN BULK
$
$ --- DESIGN DATA
$
DOPT    20
DSCREEN STRESS  -1.0
$
$   DESIGN VARIABLES
$
DVAR    1       B1      100.0   1.0     1000.0
DVAR    2       B2      100.0   1.0     1000.0
DVAR    3       B3      100.0   1.0     1000.0
DVAR    4       B4      100.0   1.0     1000.0
$
$   DESIGN VARIABLE TO  PROPERTIES RELATIONSHIPS
$
DVPROP3 1       1       SQUARE
+       1
DVPROP3 2       2       SQUARE
+       2
DVPROP3 3       3       SQUARE
+       3
DVPROP3 4       4       SQUARE
+       4
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$
$   RESPONSES  - MAGNITUD OF NORMAL STRESSES SIGMA XX IN ALL CORNER NODES
$
$ A-FACES
DRESP1  1       BS_M_CA DSTRESS ELEM            1       1       2       3
+       4
DRESP1  2       BS_M_DA DSTRESS ELEM            2       1       2       3
+       4
DRESP1  3       BS_M_EA DSTRESS ELEM            3       1       2       3
+       4
DRESP1  4       BS_M_FA DSTRESS ELEM            4       1       2       3
+       4
$
$ B-FACES
DRESP1  5       BS_M_CB DSTRESS ELEM            9       1       2       3
+       4
DRESP1  6       BS_M_DB DSTRESS ELEM            10      1       2       3
+       4
DRESP1  7       BS_M_EB DSTRESS ELEM            11      1       2       3
+       4
DRESP1  8       BS_M_FB DSTRESS ELEM            12      1       2       3
+       4
$
$   CONSTRAINTS - MAGNITUD OF NORMAL STRESSES SIGMA XX AT ALL CORNER NODES
$
DCONS   1       ALL             20.0
DCONS   2       ALL             20.0
DCONS   3       ALL             20.0
DCONS   4       ALL             20.0
DCONS   5       ALL             20.0
DCONS   6       ALL             20.0
DCONS   7       ALL             20.0
DCONS   8       ALL             20.0
$
$   OBJECTIVE: MINIMIZE VOLUME OF BEAM
$
DRESP1  10      VOL     VOLUME
DOBJ    10      VOL             MIN
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$
$ --- ANALYSIS DATA
$
$   FREQUENCIES
$
FREQ    2       1.0E-8  8.8     57.1
$
$   GRID DATA (ONLY DISPLACEMENTS IN Z AND ROTATIONS IN Y ARE ALLOWED)
$
GRID    1               0.00    0.      0.0             123456
GRID    2               750.0   0.      0.0             1246
GRID    3               1500.0  0.      0.0             1246
GRID    4               2250.0  0.      0.0             1246
GRID    5               3000.0  0.      0.0             1246
$
$   ELEMENT DEFINITIONS
$
CBAR    1       1       1       2       0.      1.0     0.
CBAR    2       2       2       3       0.      1.0     0.
CBAR    3       3       3       4       0.      1.0     0.
CBAR    4       4       4       5       0.      1.0     0.
$
$   PROPERTY DEFINITIONS
$
PBAR    1       1       1.0+4   8.333+6 8.333+6 0.0
PBAR    2       1       1.0+4   8.333+6 8.333+6 0.0
PBAR    3       1       1.0+4   8.333+6 8.333+6 0.0
PBAR    4       1       1.0+4   8.333+6 8.333+6 0.0
$
$   MATERIAL DATA
$
MAT1    1       2.07+5          0.3     8.0-9
$
$   LOAD DEFINITION
$
RLOAD1  2       1       2               4
DAREA   1       5       3       100.0
DELAY   2       5       3       60.0
$
$    C(W) = 1.0 = CONSTANT (SAME LOAD FOR EACH EXITING FREQUENCY)
$
TABLED1 4
+       1.0     1.0     2.0     1.0
$
ENDDATA
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2.25.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
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                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS                          
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PROJECT NAME: D025                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                      5
                  NUMBER OF CBAR ELEMENTS:                    4
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         4
                  NUMBER OF ELEMENT PROPERTIES:               4
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:               8

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       4
                 TOTAL NUMBER OF DESIGN VARIABLES:             4
                 NUMBER OF DIRECT RESPONSES:                  97
                 NUMBER OF CONSTRAINTS:                      192

                              LOAD CASES SUMMARY

                 NUMBER OF DIRECT DYNAMIC LOAD CASES:          1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS                          
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     16 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  9.834911E+06

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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  -----------------------------------------------------------------------
         1     B1          1.000000E+00    7.495581E+01    1.000000E+03
         2     B2          1.000000E+00    6.280164E+01    1.000000E+03
         3     B3          1.000000E+00    4.893770E+01    1.000000E+03
         4     B4          1.000000E+00    3.399849E+01    1.000000E+03
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 CONSTRAINT

                        DYNAMIC STRESS      
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR              1   1        2   1  4.274217E+00 UB   2.000000E+01   I
   BAR              2   1        2   1  5.450306E+00 UB   2.000000E+01   I
   BAR              3   1        2   1  7.679126E+00 UB   2.000000E+01   I
   BAR              4   1        2   1  1.145074E+01 UB   2.000000E+01   I
   BAR              1   2        2   1  4.274217E+00 UB   2.000000E+01   I
   BAR              2   2        2   1  5.450306E+00 UB   2.000000E+01   I
   BAR              3   2        2   1  7.679126E+00 UB   2.000000E+01   I
   BAR              4   2        2   1  1.145074E+01 UB   2.000000E+01   I
   BAR              1   3        2   1  4.274217E+00 UB   2.000000E+01   I
   BAR              2   3        2   1  5.450306E+00 UB   2.000000E+01   I
   BAR              3   3        2   1  7.679126E+00 UB   2.000000E+01   I
   BAR              4   3        2   1  1.145074E+01 UB   2.000000E+01   I
   BAR              1   4        2   1  4.274217E+00 UB   2.000000E+01   I
   BAR              2   4        2   1  5.450306E+00 UB   2.000000E+01   I
   BAR              3   4        2   1  7.679126E+00 UB   2.000000E+01   I
   BAR              4   4        2   1  1.145074E+01 UB   2.000000E+01   I
   BAR              1   9        2   1  3.205663E+00 UB   2.000000E+01   I
   BAR              2   9        2   1  3.633538E+00 UB   2.000000E+01   I
   BAR              3   9        2   1  3.839563E+00 UB   2.000000E+01   I
   BAR              4   9        2   1  1.776357E-14 UB   2.000000E+01   I
   BAR              1  10        2   1  3.205663E+00 UB   2.000000E+01   I
   BAR              2  10        2   1  3.633538E+00 UB   2.000000E+01   I
   BAR              3  10        2   1  3.839563E+00 UB   2.000000E+01   I
   BAR              4  10        2   1  1.776357E-14 UB   2.000000E+01   I
   BAR              1  11        2   1  3.205663E+00 UB   2.000000E+01   I
   BAR              2  11        2   1  3.633538E+00 UB   2.000000E+01   I
   BAR              3  11        2   1  3.839563E+00 UB   2.000000E+01   I
   BAR              4  11        2   1  1.776357E-14 UB   2.000000E+01   I
   BAR              1  12        2   1  3.205663E+00 UB   2.000000E+01   I
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   BAR              2  12        2   1  3.633538E+00 UB   2.000000E+01   I
   BAR              3  12        2   1  3.839563E+00 UB   2.000000E+01   I
   BAR              4  12        2   1  1.776357E-14 UB   2.000000E+01   I
   BAR              1   1        2   2  1.617398E+01 UB   2.000000E+01   I
   BAR              2   1        2   2  1.803819E+01 UB   2.000000E+01   A
   BAR              3   1        2   2  1.998834E+01 UB   2.000000E+01   A
   BAR              4   1        2   2  1.998352E+01 UB   2.000000E+01   A
   BAR              1   2        2   2  1.617398E+01 UB   2.000000E+01   I
   BAR              2   2        2   2  1.803819E+01 UB   2.000000E+01   A
   BAR              3   2        2   2  1.998834E+01 UB   2.000000E+01   A
   BAR              4   2        2   2  1.998352E+01 UB   2.000000E+01   A
   BAR              1   3        2   2  1.617398E+01 UB   2.000000E+01   I
   BAR              2   3        2   2  1.803819E+01 UB   2.000000E+01   A
   BAR              3   3        2   2  1.998834E+01 UB   2.000000E+01   A
   BAR              4   3        2   2  1.998352E+01 UB   2.000000E+01   A
   BAR              1   4        2   2  1.617398E+01 UB   2.000000E+01   I
   BAR              2   4        2   2  1.803819E+01 UB   2.000000E+01   A
   BAR              3   4        2   2  1.998834E+01 UB   2.000000E+01   A
   BAR              4   4        2   2  1.998352E+01 UB   2.000000E+01   A
   BAR              1   9        2   2  1.065732E+01 UB   2.000000E+01   I
   BAR              2   9        2   2  9.520215E+00 UB   2.000000E+01   I
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                        DYNAMIC STRESS      
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR              3   9        2   2  6.630811E+00 UB   2.000000E+01   I
   BAR              4   9        2   2  1.585888E+00 UB   2.000000E+01   I
   BAR              1  10        2   2  1.065732E+01 UB   2.000000E+01   I
   BAR              2  10        2   2  9.520215E+00 UB   2.000000E+01   I
   BAR              3  10        2   2  6.630811E+00 UB   2.000000E+01   I
   BAR              4  10        2   2  1.585888E+00 UB   2.000000E+01   I
   BAR              1  11        2   2  1.065732E+01 UB   2.000000E+01   I
   BAR              2  11        2   2  9.520215E+00 UB   2.000000E+01   I
   BAR              3  11        2   2  6.630811E+00 UB   2.000000E+01   I
   BAR              4  11        2   2  1.585888E+00 UB   2.000000E+01   I
   BAR              1  12        2   2  1.065732E+01 UB   2.000000E+01   I
   BAR              2  12        2   2  9.520215E+00 UB   2.000000E+01   I
   BAR              3  12        2   2  6.630811E+00 UB   2.000000E+01   I
   BAR              4  12        2   2  1.585888E+00 UB   2.000000E+01   I
   BAR              1   1        2   3  2.702982E+00 UB   2.000000E+01   I
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   BAR              2   1        2   3  7.884491E-01 UB   2.000000E+01   I
   BAR              3   1        2   3  4.132225E+00 UB   2.000000E+01   I
   BAR              4   1        2   3  1.618289E+00 UB   2.000000E+01   I
   BAR              1   2        2   3  2.702982E+00 UB   2.000000E+01   I
   BAR              2   2        2   3  7.884491E-01 UB   2.000000E+01   I
   BAR              3   2        2   3  4.132225E+00 UB   2.000000E+01   I
   BAR              4   2        2   3  1.618289E+00 UB   2.000000E+01   I
   BAR              1   3        2   3  2.702982E+00 UB   2.000000E+01   I
   BAR              2   3        2   3  7.884491E-01 UB   2.000000E+01   I
   BAR              3   3        2   3  4.132225E+00 UB   2.000000E+01   I
   BAR              4   3        2   3  1.618289E+00 UB   2.000000E+01   I
   BAR              1   4        2   3  2.702982E+00 UB   2.000000E+01   I
   BAR              2   4        2   3  7.884491E-01 UB   2.000000E+01   I
   BAR              3   4        2   3  4.132225E+00 UB   2.000000E+01   I
   BAR              4   4        2   3  1.618289E+00 UB   2.000000E+01   I
   BAR              1   9        2   3  3.404279E-01 UB   2.000000E+01   I
   BAR              2   9        2   3  2.284821E+00 UB   2.000000E+01   I
   BAR              3   9        2   3  3.567425E-02 UB   2.000000E+01   I
   BAR              4   9        2   3  1.871747E+00 UB   2.000000E+01   I
   BAR              1  10        2   3  3.404279E-01 UB   2.000000E+01   I
   BAR              2  10        2   3  2.284821E+00 UB   2.000000E+01   I
   BAR              3  10        2   3  3.567425E-02 UB   2.000000E+01   I
   BAR              4  10        2   3  1.871747E+00 UB   2.000000E+01   I
   BAR              1  11        2   3  3.404279E-01 UB   2.000000E+01   I
   BAR              2  11        2   3  2.284821E+00 UB   2.000000E+01   I
   BAR              3  11        2   3  3.567425E-02 UB   2.000000E+01   I
   BAR              4  11        2   3  1.871747E+00 UB   2.000000E+01   I
   BAR              1  12        2   3  3.404279E-01 UB   2.000000E+01   I
   BAR              2  12        2   3  2.284821E+00 UB   2.000000E+01   I
   BAR              3  12        2   3  3.567425E-02 UB   2.000000E+01   I
   BAR              4  12        2   3  1.871747E+00 UB   2.000000E+01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    5
CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS                          
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).
GENESIS November 2009 Design Examples Manual 257



THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 3.000E+04 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    6
CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS                          
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.0000E+07       370.3%
   1     2.5044E+07         0.0%
   2     2.0017E+07        96.2%
   3     1.7238E+07        37.0%
   4     1.4403E+07        13.8%
   5     1.0467E+07        38.3%
   6     9.7673E+06         7.6%
   7     9.4249E+06        38.1%
   8     1.0340E+07         2.4%
   9     9.7581E+06         6.7%
  10     9.8434E+06         0.7%
  11     9.7878E+06         2.5%
  12     9.8117E+06         1.1%
  13     9.8259E+06         0.7%
  14     9.8219E+06         0.6%
  15     9.8232E+06         0.8%
  16     9.8349E+06         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    7
CANTILEVERED BEAM - DYNAMIC STRESS CONSTRAINTS                          
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4
              B1            B2            B3            B4

   0     1.0000E+02    1.0000E+02    1.0000E+02    1.0000E+02 
   1     1.0073E+02    8.4143E+01    9.5335E+01    8.4126E+01 
   2     1.0115E+02    7.0809E+01    8.0209E+01    7.0794E+01 
   3     9.4137E+01    6.9291E+01    7.4699E+01    6.1165E+01 
   4     8.7623E+01    6.7561E+01    6.4537E+01    5.2888E+01 
   5     7.5705E+01    6.5642E+01    4.8403E+01    3.9666E+01 
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   6     7.4274E+01    6.1924E+01    4.9670E+01    3.4708E+01 
   7     7.4911E+01    6.5018E+01    4.3486E+01    2.8923E+01 
   8     7.8593E+01    6.6843E+01    4.6204E+01    3.1736E+01 
   9     7.4431E+01    6.4940E+01    4.6541E+01    3.2978E+01 
  10     7.4761E+01    6.4048E+01    4.7996E+01    3.3608E+01 
  11     7.4348E+01    6.2445E+01    4.9496E+01    3.4260E+01 
  12     7.5230E+01    6.2696E+01    4.8465E+01    3.3810E+01 
  13     7.4453E+01    6.2749E+01    4.9474E+01    3.4245E+01 
  14     7.5299E+01    6.2750E+01    4.8444E+01    3.3787E+01 
  15     7.4525E+01    6.2657E+01    4.9453E+01    3.4237E+01 
  16     7.4956E+01    6.2802E+01    4.8938E+01    3.3998E+01 

                            ***** END OF OUTPUT *****
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2.26 ELAS1/DAMP1/MASS1 Structure - Multiple Type 
Constraints

Example ID:
D026

Design Data Used:
DVAR, DVPROP1, DRESP1, DRESP2, DEQATN, DOBJ, DCONS 

Special Feature Used:
Multiple Constraints and DPRINT, APRINT and DRESP2 commands to limit the output.

Problem Statement:
Considering the analysis problem described in A028, minimize the cost of the structure shown in 
Figure 3-26. The cost is defined as C = 2.5K1 + 10C1 + 20M1 where K1,C1 and M1 are the stiff-
ness, damping and mass coefficients.
Also, consider that:

1. The magnitude of the displacement of grid 2 should be less than 8.0
2. The magnitude of the velocity of grid 2 should be less than 8.0
3. The magnitude of the acceleration of grid 2 should be less than 8.0
4. The magnitude of the force in ELAS1 2 should be less than 80.0
5. The magnitude of the force in DAMP1 2 should be less than 80.0
6. The magnitude of the stresses in ELAS1 2 should be less than 8.0

The three design variables are the stiffness coefficient of the elas1 element (K1), the mass value 
of the mass1 element (M1) and the damping coefficient of the damp1 element (C1). The stress 
coefficient of the elas1 is considered to be 1/100 of its stiffness.

Design Problem: 
Minimize cost of structure.

1. 3 design variables (K1,C1,M1).
2. 1 direct dynamic load case

P=100e 2πft

c

k
P=100e 2π

CDAMP1

CELAS11 2

CMASS1

STRUCTURE FEM MODEL

M
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3. Dynamic displacement, velocity and acceleration constraints.
4. Dynamic force constraints.
5. Dynamic stress constraints.

Design Data Relationships: 

          Results:
The final cost is 100.7. All, except force in the DAMP1 element, constrained responses are active 
in the final design. The problem converged in 5 design cycles.

DRESP1

DVAR DVPROP1

DRESP1

DOBJ

DCONS

PMASS

DVAR DVPROP1 PELAS

DVAR DVPROP1 PDAMP
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2.26.1 Input Data

ID D026
CEND
$
TITLE= ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS
LINE=64,80
ECHO=NONE
APRINT=LAST
DPRINT=LAST
DRESP2=NO
$
LOADCASE 1
LABEL = ANALYSIS USING DIRECT DYNAMIC RESPONSE.
FREQ = 100
SPC=1
DLOAD = 200
$
BEGIN BULK
$
$ --- DESIGN DATA
$
$   DESIGN VARIABLES
$
DVAR    1       K1      10.0    0.01    10000.0
DVAR    2       C1      2.5     0.01    10000.0
DVAR    3       M1      2.5     0.01    10000.0
$
$   DESIGN VARIABLE TO PROPPERTIES RELATIONSHIPS
$
DVPROP1 1       1       1       0.0
+       1       1.0
DVPROP1 11      1       2       0.0
+       1       0.01
DVPROP1 2       2       1       0.0
+       2       1.0
DVPROP1 3       3       1       0.0
+       3       1.0
$
$    RESPONSES
$
DRESP1  1       DISPL2  DDISP                   1       2
DRESP1  2       DVELO2  DVELO                   1       2
DRESP1  3       DACCE2  DACCE                   1       2
DRESP1  4       FORCE-E DFORCE  PELAS           1       1
DRESP1  5       FORCE-D DFORCE  PDAMP           1       2
DRESP1  6       STRESS- DSTRESS PELAS           1       1
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$
$    CONSTRAINTS
$
DCONS   1       ALL             8.0
DCONS   2       ALL             8.0
DCONS   3       ALL             8.0
DCONS   4       ALL             80.0
DCONS   5       ALL             80.0
DCONS   6       ALL             8.0
$
$    OBJECTIVE
$
DRESP2  10      COST    10
+       DVAR    1       2       3
DEQATN  10      COST(K1,C1,M1) = 2.5*K1 + 10*C1 + 20*M1
DOBJ    10      COST            MIN
$
$ --- ANALYSIS DATA
$
$    FREQUENCIES
$
FREQ    100     0.159155
$
$   BOUNDARY CONDITION
$
SPC1    1               1
$
$   SPOINT DATA
$
SPOINT  1       2
$
$   ELEMENT DEFINITIONS
$
CELAS1  1       1       1               2
CDAMP1  2       2       1               2
CMASS1  3       3       2
$
$
$   PROPERTY DEFINITIONS
$
PELAS   1       10.0            0.1
PDAMP   2       2.5
PMASS   3       2.5
$
$   LOAD DEFINITION
$
RLOAD3  200     2               100.0
$
ENDDATA
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2.26.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
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PROJECT NAME: D026                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF SPOINTS:                          2
                  NUMBER OF CELAS1/2 ELEMENTS:                1
                  NUMBER OF CDAMP1/2 ELEMENTS:                1
                  NUMBER OF CMASS1/2 ELEMENTS:                1
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         3
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF DEGREES OF FREEDOM:               1

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                   6
                 NUMBER OF SYNTHETIC RESPONSES:                1
                 NUMBER OF CONSTRAINTS:                       12

                              LOAD CASES SUMMARY

                 NUMBER OF DIRECT DYNAMIC LOAD CASES:          1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.007118E+02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
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  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     K1          1.000000E-02    9.972679E+00    1.000000E+04
         2     C1          1.000000E-02    7.558008E+00    1.000000E+04
         3     M1          1.000000E-02    1.000000E-02    1.000000E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    3
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

 CONSTRAINT

                        DIRECT DYN. DISPL.  
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    2   1        1   1  7.996713E+00 UB   8.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    4
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

 CONSTRAINT

                        DIRECT DYN. VELOCITY
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    2   1        1   1  7.996715E+00 UB   8.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    5
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

 CONSTRAINT
266 Design Examples Manual November 2009 GENESIS



                        DIRECT DYNAMIC ACCL.
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    2   1        1   1  7.996718E+00 UB   8.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    6
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

 CONSTRAINT

                        DYNAMIC FORCE       
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ELAS1            1   1        1   1  7.974865E+01 UB   8.000000E+01   A
   DAMP1            2   1        1   1  6.043924E+01 UB   8.000000E+01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    7
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

 CONSTRAINT

                        DYNAMIC STRESS      
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ELAS1            1   1        1   1  7.953076E+00 UB   8.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    8
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    9
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.0000E+02        58.1%
   1     8.8734E+01        38.0%
   2     9.4295E+01        17.5%
   3     1.2398E+02         0.0%
   4     1.0336E+02         0.0%
   5     1.0071E+02         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   10
ELAS1/DAMP1/MASS1 STRUCTURE - MULTIPLE CONSTRAINTS                      
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              K1            C1            M1

   0     1.0000E+01    2.5000E+00    2.5000E+00 
   1     1.0494E+01    3.7500E+00    1.2500E+00 
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   2     1.0230E+01    5.6221E+00    6.2500E-01 
   3     1.0445E+01    9.3702E+00    2.0833E-01 
   4     1.0073E+01    7.7978E+00    1.0000E-02*
   5     9.9727E+00    7.5580E+00    1.0000E-02*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.27 Design of Box Beam Modeled With Composite Quad4 
Elements

Example ID:
D027         

Design Data Used:
DVAR, DLINK, DVPROP1, DRESP1, DRESP2, DEQATN, DOBJ, DCONS, DOPT 

Special Feature Used:
PCOMP. Design of composite elements.

Problem Statement:
This example consists of finding the minimum volume design of a box beam subjected to a point 
load. The box  beam is made out of two lateral walls and a top and a bottom composite plates. The 
top and bottom plates are divided in 4 regions each. Each of the regions has 4 designable thick-
nesses which gaves a total of 32 thickness design variables. In addition there are 4 designable 
angles. The first designable angle controls the second layer of the bottom plate, the second angle 
controls the third layer of the bottom plate, the third angle controls the second layer of the top 
plate and the fourth angle controls the third layer of the top plate. The first layer of the bottom 
plate has a fixed value of 90 degrees, the fourth layer of the bottom plate has a value of 0 degrees, 
the first layer of the top plate has a fixed value of 0 degrees and finally the fourth layer of the top 
plate has a fixed value of 90 degrees. The order of the layer are counted from bottom to top. The 
material properties in psi. are E1 = 10.7*E6, E2 = 5.44E5, V12 = 0.4, G1Z = G2Z = G12 = 
2.523E5. The allowable stresses are XT=2.426E5, XC= -3.32E4, YC = 43.031E3, YT = -1.986E4 
and S = 1.203E5. The dimension of the beam are length = 100 inches, height = 5 inches and base 
= 10 inches. The lateral walls are constant and have a thickness of 0.3 inches and their materials is 
aligned so that E1 is in the direction of the length of the beam. The initial thickness of all layers is 
04. The constraints of the problems are: The Tsai-Wu failure index should be less than 1 in all lay-
ers and the torsion angle of the beam should be less that 0.02 radian. The layer thickness bounds 
are (0.01,1.25) inches. And the angles bounds are (1.0, 89.0) for angle1 and angle4 and (-89.0,-
1.0) for angle2 and angle3.
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Design Problem: 
Minimize volume of structure.

1. 36 independent design variables (32 thicknesses and 4 angles).
2. 8 dependent design variables (8 Z0s).
3. 1 static load case
4. Tsai-Wu failure index constraints.
5. Torsional rotation constraints.

Design Data Relationships:

Results:
The final volume is 683.0. The failure index at 5 locations is active in the final design. The prob-
lem converged in 9 design cycles. 

DRESP1

DOPT

DRESP2

DOBJ

DRESP1

DVAR DVPROP1 PCOMP

DCONS
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2.27.1 Input Data

ID D027
CEND
LINE = 64,80
TITLE = DESIGN OF CANTELEVERED BOX BEAM
SUBTITLE = 32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES
ECHO=NONE
DPRINT=LAST
LOADCASE 10
LABEL = STATIC LOAD
LOAD = 300
SPC = 100
BEGIN BULK
$
DOPT    40
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
$
$ ANGLES
$
DVAR    1       ANGL_1  45.0    1.0     89.0
DVAR    2       ANGL_2  -45.0   -89.0   -1.0
DVAR    3       ANGL_3  -45.0   -89.0   -1.0
DVAR    4       ANGL_4  45.0    1.0     89.0
$
$ THICKNESSES
$
DVAR    11      THIC_11 4.0-1   0.01    1.25
DVAR    12      THIC_12 4.0-1   0.01    1.25
DVAR    13      THIC_13 4.0-1   0.01    1.25
DVAR    14      THIC_14 4.0-1   0.01    1.25
DVAR    15      THIC_15 4.0-1   0.01    1.25
DVAR    16      THIC_16 4.0-1   0.01    1.25
DVAR    17      THIC_17 4.0-1   0.01    1.25
DVAR    18      THIC_18 4.0-1   0.01    1.25
$
DVAR    21      THIC_21 4.0-1   0.01    1.25
DVAR    22      THIC_22 4.0-1   0.01    1.25
DVAR    23      THIC_23 4.0-1   0.01    1.25
DVAR    24      THIC_24 4.0-1   0.01    1.25
DVAR    25      THIC_25 4.0-1   0.01    1.25
DVAR    26      THIC_26 4.0-1   0.01    1.25
DVAR    27      THIC_27 4.0-1   0.01    1.25
DVAR    28      THIC_28 4.0-1   0.01    1.25
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$
DVAR    31      THIC_31 4.0-1   0.01    1.25
DVAR    32      THIC_32 4.0-1   0.01    1.25
DVAR    33      THIC_33 4.0-1   0.01    1.25
DVAR    34      THIC_34 4.0-1   0.01    1.25
DVAR    35      THIC_35 4.0-1   0.01    1.25
DVAR    36      THIC_36 4.0-1   0.01    1.25
DVAR    37      THIC_37 4.0-1   0.01    1.25
DVAR    38      THIC_38 4.0-1   0.01    1.25
$
DVAR    41      THIC_41 4.0-1   0.01    1.25
DVAR    42      THIC_42 4.0-1   0.01    1.25
DVAR    43      THIC_43 4.0-1   0.01    1.25
DVAR    44      THIC_44 4.0-1   0.01    1.25
DVAR    45      THIC_45 4.0-1   0.01    1.25
DVAR    46      THIC_46 4.0-1   0.01    1.25
DVAR    47      THIC_47 4.0-1   0.01    1.25
DVAR    48      THIC_48 4.0-1   0.01    1.25
$
$ Z0 DEPENDENT DESIGN VARIABLES
$
DVAR    111     Z0_11   -0.8    -2.5    -0.02
DVAR    112     Z0_12   -0.8    -2.5    -0.02
DVAR    121     Z0_21   -0.8    -2.5    -0.02
DVAR    122     Z0_22   -0.8    -2.5    -0.02
DVAR    131     Z0_31   -0.8    -2.5    -0.02
DVAR    132     Z0_32   -0.8    -2.5    -0.02
DVAR    141     Z0_41   -0.8    -2.5    -0.02
DVAR    142     Z0_42   -0.8    -2.5    -0.02
$
$ LINK BETWEEN THICKNESSES AND ZO’S
$
DLINK   111             -0.5    11      1.0     12      1.0     13      1.0
+       14      1.0
DLINK   112             -0.5    15      1.0     16      1.0     17      1.0
+       18      1.0
DLINK   121             -0.5    21      1.0     22      1.0     23      1.0
+       24      1.0
DLINK   122             -0.5    25      1.0     26      1.0     27      1.0
+       28      1.0
DLINK   131             -0.5    31      1.0     32      1.0     33      1.0
+       34      1.0
DLINK   132             -0.5    35      1.0     36      1.0     37      1.0
+       38      1.0
DLINK   141             -0.5    41      1.0     42      1.0     43      1.0
+       44      1.0
DLINK   142             -0.5    45      1.0     46      1.0     47      1.0
+       48      1.0
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$
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$
$ ANGLES TO PCOMPS RELATIONSHIPS
$
DVPROP1 201     11      502
+       1
DVPROP1 202     11      503
+       2
DVPROP1 203     12      502
+       3
DVPROP1 204     12      503
+       4
$
DVPROP1 301     21      502
+       1
DVPROP1 302     21      503
+       2
DVPROP1 303     22      502
+       3
DVPROP1 304     22      503
+       4
$
DVPROP1 401     31      502
+       1
DVPROP1 402     31      503
+       2
DVPROP1 403     32      502
+       3
DVPROP1 404     32      503
+       4
$
DVPROP1 501     41      502
+       1
DVPROP1 502     41      503
+       2
DVPROP1 503     42      502
+       3
DVPROP1 504     42      503
+        4
$
$ THICKNESS TO PCOMP RELATIONSHIPS
$
DVPROP1 11      11      101
+       11
DVPROP1 12      11      102
+       12
DVPROP1 13      11      103
+       13
DVPROP1 14      11      104
+       14
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$
DVPROP1 15      12      101
+       15
DVPROP1 16      12      102
+       16
DVPROP1 17      12      103
+       17
DVPROP1 18      12      104
+       18
$
DVPROP1 21      21      101
+       21
DVPROP1 22      21      102
+       22
DVPROP1 23      21      103
+       23
DVPROP1 24      21      104
+       24
$
DVPROP1 25      22      101
+       25
DVPROP1 26      22      102
+       26
DVPROP1 27      22      103
+       27
DVPROP1 28      22      104
+       28
$
DVPROP1 31      31      101
+       31
DVPROP1 32      31      102
+       32
DVPROP1 33      31      103
+       33
DVPROP1 34      31      104
+       34
$
DVPROP1 35      32      101
+       35
DVPROP1 36      32      102
+       36
DVPROP1 37      32      103
+       37
DVPROP1 38      32      104
+       38
$
DVPROP1 41      41      101
+       41
DVPROP1 42      41      102
+       42
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DVPROP1 43      41      103
+       43
DVPROP1 44      41      104
+       44
$
DVPROP1 45      42      101
+       45
DVPROP1 46      42      102
+       46
DVPROP1 47      42      103
+       47
DVPROP1 48      42      104
+       48
$
$ Z0 TO PCOMP RELATIONSHIPS
$
DVPROP1 111     11      4
+       111
DVPROP1 112     12      4
+       112
DVPROP1 121     21      4
+       121
DVPROP1 122     22      4
+       122
DVPROP1 131     31      4
+       131
DVPROP1 132     32      4
+       132
DVPROP1 141     41      4
+       141
DVPROP1 142     42      4
+       142
$
$ RESPONSES
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 901 AND 902
DRESP1  900     UZ_90X  DISP                    3       901     902
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 1001 AND 1002
DRESP1  1000    UZ-100X DISP                    3       1001    1002
$
$ SYSTEM VOLUME
DRESP1  1       OBJFUN  VOLUME
$
$ FAILURE INDEX
DRESP1  2       S5      STRESS  PCOMP           1       11      12      21
+       22      31      32      41      42
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$
$ EQUATION RESPONSE
DRESP2  3       ROTATION3
+       DRESP1  1000    900
DEQATN  3       F(UZ2,UZ1) = (UZ2 - UZ1)/10.0
$
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    1
$
$ CONSTRAINTS
$
$ CONSTRAINTS - FAILURE INDEX
DCONS   2       ALL             1.
$
$ CONSTRAINTS - TORCIONAL ROTATION CAN NOT BE GREATER THAN 0.01
DCONS   3       ALL     -0.02   0.02
$
$ --- ANALYSIS DATA
$
$ GRIDS
$
GRID    101             0.0     0.0     0.0
GRID    201             0.0     10.0    0.0
GRID     301             25.0    0.0     0.0
GRID    401             25.0    10.0    0.0
GRID    501             50.0    0.0     0.0
GRID    601             50.0    10.0    0.0
GRID    701             75.0    0.0     0.0
GRID    801             75.0    10.0    0.0
GRID    901             100.0   0.0     0.0
GRID    1001            100.0   10.0    0.0
$
GRID    102             0.0     0.0     5.0
GRID    202             0.0     10.0    5.0
GRID    302             25.0    0.0     5.0
GRID    402             25.0    10.0    5.0
GRID    502             50.0    0.0     5.0
GRID    602             50.0    10.0    5.0
GRID    702             75.0    0.0     5.0
GRID    802             75.0    10.0    5.0
GRID    902             100.0   0.0     5.0
GRID    1002            100.0   10.0    5.0
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$
$ ELEMENTS
$
$ BOTTOM COMPOSITES
CQUAD4  11      11      101     201     401     301
CQUAD4  21      21      301     401     601     501
CQUAD4  31      31      501     601     801     701
CQUAD4  41      41      701     801     1001    901
$
$ TOP COMPOSITES
CQUAD4  12      12      102     202     402     302
CQUAD4  22      22      302     402     602     502
CQUAD4  32      32      502     602     802     702
CQUAD4  42      42      702     802     1002    902
$
$ LEFT SHELLS
CQUAD4  13      1       101     301     302     102
CQUAD4  23      1       301     501     502     302
CQUAD4  33      1       501     701     702     502
CQUAD4  43      1       701     901     902     702
$
$ RIGHT SHELLS
CQUAD4  15      1       201     401     402     202
CQUAD4  25      1       401     601     602     402
CQUAD4  35      1       601     801     802     602
CQUAD4  45      1       801     1001    1002    802
$
$ PROPERTIES
$
PCOMP   11      -0.0                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   12      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   21      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   22      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   31      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   32      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP    41      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
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PCOMP   42      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
$
PSHELL  1       1       0.3     1
$
$  MATERIALS
$       2       3       4       5       6       7       8       9
MAT8    1       1.070E7 5.4375E5 0.4    2.523E5 2.523E5 2.523E5 0.04
+                               2.426E5 -3.321E43.0305E3-1.986E41.203E5
$
$ BOUNDARY CONDITIONS AND LOADS
$
SPC1    100     123456  101     201     102     202
FORCE   300     1001            2000.   0.0     0.0     1.0
FORCE   300     1002            2000.   0.0     0.0     1.0
FORCE   300     901             2000.   0.0     0.0     1.0
FORCE   300     902             2000.   0.0     0.0     1.0
$
ENDDATA
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2.27.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         
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PROJECT NAME: D027                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     20
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:          8
                  NUMBER OF CQUAD4->PCOMP ELEMENTS:           8
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        16
                  NUMBER OF ELEMENT PROPERTIES:               9
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:              96

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:      36
                 NUMBER OF DEPENDENT DESIGN VARIABLES:         8
                 TOTAL NUMBER OF DESIGN VARIABLES:            44
                 NUMBER OF DIRECT RESPONSES:                  37
                 NUMBER OF SYNTHETIC RESPONSES:                2
                 NUMBER OF CONSTRAINTS:                       68

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1
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              ********************************************
              *  D E S I G N  C Y C L E     11 (ANALYSIS)*
              ********************************************
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                  S O L U T I O N   R E S I D U A L S

LOADCASE       10 ; RESIDUAL : -3.730058E-13 ; STRAIN ENERGY :  3.682966E+04
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                T Y P E   2/3   R E S P O N S E   V A L U E S

      LABEL          RID        TYPE          LID   NUMBER            VALUE

      ROTATION         3    DISPLACEMENT       10        1        -1.850671E-03
      ROTATION         3    DISPLACEMENT       10        2        -1.850718E-03
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              ********************************************
              *  D E S I G N  C Y C L E     11 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  6.291373E+02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGL_1      1.000000E+00    8.899850E+01    8.900000E+01
         2     ANGL_2     -8.900000E+01   -8.899950E+01   -1.000000E+00
         3     ANGL_3     -8.900000E+01   -1.368922E+01   -1.000000E+00
         4     ANGL_4      1.000000E+00    7.788213E+00    8.900000E+01
        11     THIC_11     1.000000E-02    1.211169E-01    1.250000E+00
        12     THIC_12     1.000000E-02    5.550887E-02    1.250000E+00
        13     THIC_13     1.000000E-02    1.416450E-02    1.250000E+00
        14     THIC_14     1.000000E-02    1.000000E-02    1.250000E+00
        15     THIC_15     1.000000E-02    1.000300E-02    1.250000E+00
        16     THIC_16     1.000000E-02    1.000500E-02    1.250000E+00
        17     THIC_17     1.000000E-02    1.000700E-02    1.250000E+00
        18     THIC_18     1.000000E-02    3.466261E-01    1.250000E+00
        21     THIC_21     1.000000E-02    9.713526E-02    1.250000E+00
        22     THIC_22     1.000000E-02    1.414118E-02    1.250000E+00
        23     THIC_23     1.000000E-02    2.424693E-02    1.250000E+00
        24     THIC_24     1.000000E-02    2.040650E-02    1.250000E+00
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        25     THIC_25     1.000000E-02    1.000600E-02    1.250000E+00
        26     THIC_26     1.000000E-02    1.000700E-02    1.250000E+00
        27     THIC_27     1.000000E-02    1.000600E-02    1.250000E+00
        28     THIC_28     1.000000E-02    2.601652E-01    1.250000E+00
        31     THIC_31     1.000000E-02    2.895735E-02    1.250000E+00
        32     THIC_32     1.000000E-02    1.000000E-02    1.250000E+00
        33     THIC_33     1.000000E-02    1.000000E-02    1.250000E+00
        34     THIC_34     1.000000E-02    1.000100E-02    1.250000E+00
        35     THIC_35     1.000000E-02    1.000100E-02    1.250000E+00
        36     THIC_36     1.000000E-02    1.000200E-02    1.250000E+00
        37     THIC_37     1.000000E-02    1.000100E-02    1.250000E+00
        38     THIC_38     1.000000E-02    1.239877E-01    1.250000E+00
        41     THIC_41     1.000000E-02    1.000300E-02    1.250000E+00
        42     THIC_42     1.000000E-02    1.000300E-02    1.250000E+00
        43     THIC_43     1.000000E-02    1.000300E-02    1.250000E+00
        44     THIC_44     1.000000E-02    1.000300E-02    1.250000E+00
        45     THIC_45     1.000000E-02    1.003154E-02    1.250000E+00
        46     THIC_46     1.000000E-02    1.000732E-02    1.250000E+00
        47     THIC_47     1.000000E-02    1.000000E-02    1.250000E+00
        48     THIC_48     1.000000E-02    1.000300E-02    1.250000E+00
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 DESIGN VARIABLE

                       DEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
       111     Z0_11      -2.500000E+00   -1.003951E-01   -2.000000E-02
       112     Z0_12      -2.500000E+00   -1.883206E-01   -2.000000E-02
       121     Z0_21      -2.500000E+00   -7.796494E-02   -2.000000E-02
       122     Z0_22      -2.500000E+00   -1.450921E-01   -2.000000E-02
       131     Z0_31      -2.500000E+00   -2.947917E-02   -2.000000E-02
       132     Z0_32      -2.500000E+00   -7.699586E-02   -2.000000E-02
       141     Z0_41      -2.500000E+00   -2.000600E-02   -2.000000E-02
       142     Z0_42      -2.500000E+00   -2.002093E-02   -2.000000E-02
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 CONSTRAINT
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                        FAILURE INDEX       
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4           11   45       10    9.978890E-01  UB   1.000000E+00   A
   QUAD4           12   45       10    9.976520E-01  UB   1.000000E+00   A
   QUAD4           21   45       10    9.975598E-01  UB   1.000000E+00   A
   QUAD4           22   45       10    9.988657E-01  UB   1.000000E+00   A
   QUAD4           31   45       10    8.969538E-01  UB   1.000000E+00   I
   QUAD4           32   45       10    9.997392E-01  UB   1.000000E+00   A
   QUAD4           42   45       10    7.752326E-01  UB   1.000000E+00   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 3.500E+00 FOR TWO DESIGN CYCLES.
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.5000E+03         0.0%
   1     2.4337E+03         0.0%
   2     1.3953E+03         7.8%
   3     1.1410E+03         0.0%
   4     8.7435E+02         0.9%
   5     7.2678E+02         2.3%
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   6     6.7426E+02         0.1%
   7     6.4776E+02         1.3%
   8     6.3822E+02         0.0%
   9     6.3356E+02         0.0%
  10     6.3139E+02         0.0%
  11     6.2914E+02         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4            11
          ANGL_1        ANGL_2        ANGL_3        ANGL_4       THIC_11

   0     4.5000E+01   -4.5000E+01   -4.5000E+01    4.5000E+01    4.0000E-01 
   1     4.6601E+01   -4.0712E+01   -4.0712E+01    4.6601E+01    3.9257E-01 
   2     6.5763E+01   -6.0946E+01   -2.0356E+01    2.3304E+01    1.9672E-01 
   3     8.2199E+01   -7.6177E+01   -1.6543E+01    1.7483E+01    1.6886E-01 
   4     8.0485E+01   -7.9028E+01   -2.0679E+01    1.1676E+01    1.3242E-01 
   5     8.2267E+01   -7.8472E+01   -1.8120E+01    9.7317E+00    1.2017E-01 
   6     8.6816E+01   -8.2359E+01   -1.7055E+01    1.0543E+01    1.1958E-01 
   7     8.7382E+01   -8.5626E+01   -1.5989E+01    9.6651E+00    1.1918E-01 
   8     8.8674E+01   -8.7656E+01   -1.5491E+01    9.2644E+00    1.1883E-01 
   9     8.9000E+01*  -8.8455E+01   -1.4905E+01    8.7882E+00    1.1933E-01 
  10     8.8999E+01   -8.9000E+01*  -1.4284E+01    8.2882E+00    1.1936E-01 
  11     8.8999E+01   -8.8999E+01   -1.3689E+01    7.7882E+00    1.2112E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              12            13            14            15            16
         THIC_12       THIC_13       THIC_14       THIC_15       THIC_16

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.1940E-01    2.0060E-01    3.5130E-01    3.5130E-01    2.0060E-01 
   2     1.5975E-01    1.0048E-01    1.7595E-01    1.7612E-01    1.0065E-01 
GENESIS November 2009 Design Examples Manual 285



   3     1.1274E-01    6.5326E-02    1.2869E-01    1.2619E-01    5.0654E-02 
   4     7.5499E-02    3.0168E-02    7.9019E-02    7.6192E-02    1.0001E-02 
   5     6.0417E-02    1.9483E-02    5.4301E-02    5.1006E-02    1.0000E-02*
   6     5.9152E-02    1.0000E-02*   4.1802E-02    3.5647E-02    1.0001E-02 
   7     5.9459E-02    1.0007E-02    2.9302E-02    1.8982E-02    1.0000E-02*
   8     5.9362E-02    1.0000E-02*   2.1081E-02    1.0648E-02    1.0006E-02 
   9     5.9398E-02    1.0196E-02    1.3069E-02    1.0000E-02*   1.0004E-02 
  10     5.7668E-02    1.0679E-02    1.0000E-02*   1.0002E-02    1.0006E-02 
  11     5.5509E-02    1.4164E-02    1.0000E-02*   1.0003E-02    1.0005E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   45
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              17            18            21            22            23
         THIC_17       THIC_18       THIC_21       THIC_22       THIC_23

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.1940E-01    3.9257E-01    3.8680E-01    2.4658E-01    2.3484E-01 
   2     1.6095E-01    2.8045E-01    1.9423E-01    1.2329E-01    1.1742E-01 
   3     1.1098E-01    3.1115E-01    1.6859E-01    9.1816E-02    8.2981E-02 
   4     6.0993E-02    3.2518E-01    1.3595E-01    5.9219E-02    4.9985E-02 
   5     3.4942E-02    3.4054E-01    1.1333E-01    3.7494E-02    2.9173E-02 
   6     1.9353E-02    3.4532E-01    1.0381E-01    2.7671E-02    1.7709E-02 
   7     1.0000E-02*   3.4748E-01    9.7227E-02    1.6593E-02    2.5986E-02 
   8     1.0006E-02    3.4788E-01    9.7137E-02    1.5223E-02    2.7255E-02 
   9     1.0004E-02    3.4756E-01    9.5575E-02    1.3632E-02    2.4856E-02 
  10     1.0006E-02    3.4771E-01    9.4170E-02    1.1826E-02    2.3100E-02 
  11     1.0007E-02    3.4663E-01    9.7135E-02    1.4141E-02    2.4247E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              24            25            26            27            28
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         THIC_24       THIC_25       THIC_26       THIC_27       THIC_28

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.5857E-01    2.5857E-01    2.3484E-01    2.4658E-01    3.8680E-01 
   2     1.2928E-01    1.3288E-01    1.1745E-01    1.2331E-01    2.1267E-01 
   3     8.1058E-02    8.2944E-02    6.7510E-02    7.3310E-02    2.2710E-01 
   4     3.9233E-02    4.8606E-02    2.9072E-02    3.2289E-02    2.3010E-01 
   5     1.6098E-02    2.8731E-02    1.0013E-02    1.0764E-02    2.4106E-01 
   6     1.0414E-02    1.6232E-02    1.0003E-02    1.0001E-02    2.5419E-01 
   7     1.0000E-02*   1.0001E-02    1.0002E-02    1.0001E-02    2.5887E-01 
   8     1.4368E-02    1.0001E-02    1.0002E-02    1.0001E-02    2.5976E-01 
   9     2.0618E-02    1.0003E-02    1.0004E-02    1.0003E-02    2.6090E-01 
  10     2.6656E-02    1.0005E-02    1.0006E-02    1.0005E-02    2.6253E-01 
  11     2.0406E-02    1.0006E-02    1.0007E-02    1.0006E-02    2.6017E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   47
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              31            32            33            34            35
         THIC_31       THIC_32       THIC_33       THIC_34       THIC_35

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.5440E-01    2.1197E-01    2.0001E-01    2.5055E-01    2.5055E-01 
   2     1.7747E-01    1.0608E-01    1.0015E-01    1.2548E-01    1.2553E-01 
   3     1.4586E-01    7.4834E-02    6.8581E-02    9.3751E-02    9.4190E-02 
   4     1.1256E-01    4.1637E-02    3.5277E-02    6.0793E-02    6.0539E-02 
   5     9.0698E-02    2.0219E-02    1.3595E-02    3.7365E-02    3.8738E-02 
   6     8.1966E-02    1.0383E-02    1.0037E-02    2.4972E-02    2.6238E-02 
   7     6.9467E-02    1.0001E-02    1.0004E-02    1.2473E-02    1.3739E-02 
   8     6.3217E-02    1.0000E-02*   1.0000E-02*   1.0000E-02*   1.0000E-02*
   9     5.4883E-02    1.0000E-02*   1.0000E-02*   1.0002E-02    1.0000E-02*
  10     4.3772E-02    1.0000E-02*   1.0000E-02*   1.0002E-02    1.0000E-02*
  11     2.8957E-02    1.0000E-02*   1.0000E-02*   1.0001E-02    1.0001E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              36            37            38            41            42
         THIC_36       THIC_37       THIC_38       THIC_41       THIC_42

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.0001E-01    2.1197E-01    3.5440E-01    2.5684E-01    2.0095E-01 
   2     1.0003E-01    1.0616E-01    1.7904E-01    1.2842E-01    1.0048E-01 
   3     6.8669E-02    7.4153E-02    1.4721E-01    1.0192E-01    7.3705E-02 
   4     3.5931E-02    4.1398E-02    1.1401E-01    6.8797E-02    4.0575E-02 
   5     1.3152E-02    1.9186E-02    9.2268E-02    4.6710E-02    1.8462E-02 
   6     1.0000E-02*   1.0000E-02*   1.0433E-01    3.4211E-02    1.0001E-02 
   7     1.0001E-02    1.0000E-02*   1.0906E-01    2.1712E-02    1.0000E-02*
   8     1.0000E-02*   1.0000E-02*   1.1156E-01    1.3379E-02    1.0000E-02*
   9     1.0000E-02*   1.0000E-02*   1.1418E-01    1.0000E-02*   1.0000E-02*
  10     1.0001E-02    1.0000E-02*   1.1800E-01    1.0002E-02    1.0002E-02 
  11     1.0002E-02    1.0001E-02    1.2399E-01    1.0003E-02    1.0003E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              43            44            45            46            47
         THIC_43       THIC_44       THIC_45       THIC_46       THIC_47

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.0060E-01    2.0138E-01    2.0138E-01    2.0060E-01    2.0095E-01 
   2     1.0030E-01    1.0069E-01    1.0069E-01    1.0030E-01    1.0048E-01 
   3     7.3587E-02    7.4208E-02    7.4056E-02    7.3548E-02    7.3954E-02 
   4     4.0436E-02    4.0893E-02    4.0911E-02    4.0325E-02    4.0772E-02 
   5     1.8318E-02    1.8840E-02    1.8779E-02    1.8211E-02    1.8587E-02 
   6     1.0001E-02    1.0000E-02    1.0010E-02    1.0001E-02    1.0004E-02 
   7     1.0000E-02    1.0002E-02    1.0001E-02    1.0002E-02    1.0005E-02 
   8     1.0000E-02    1.0002E-02    1.0000E-02*   1.0002E-02    1.0000E-02*
   9     1.0000E-02*   1.0000E-02*   1.0018E-02    1.0004E-02    1.0008E-02 
  10     1.0002E-02    1.0002E-02    1.0020E-02    1.0006E-02    1.0010E-02 
  11     1.0003E-02    1.0003E-02    1.0032E-02    1.0007E-02    1.0000E-02*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              48           111           112           121           122
         THIC_48         Z0_11         Z0_12         Z0_21         Z0_22

   0     4.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01 
   1     2.5684E-01   -6.3194E-01   -6.3194E-01   -5.6339E-01   -5.6339E-01 
   2     1.2842E-01   -3.1645E-01   -3.5909E-01   -2.8211E-01   -2.9315E-01 
   3     1.0183E-01   -2.3781E-01   -2.9949E-01   -2.1222E-01   -2.2543E-01 
   4     6.8632E-02   -1.5855E-01   -2.3618E-01   -1.4219E-01   -1.7004E-01 
   5     4.6484E-02   -1.2718E-01   -2.1824E-01   -9.8048E-02   -1.4529E-01 
   6     3.3985E-02   -1.1527E-01   -2.0516E-01   -7.9805E-02   -1.4521E-01 
   7     2.1486E-02   -1.0897E-01   -1.9323E-01   -7.4903E-02   -1.4444E-01 
   8     1.3161E-02   -1.0463E-01   -1.8927E-01   -7.6991E-02   -1.4488E-01 
   9     1.0000E-02*  -1.0100E-01   -1.8878E-01   -7.7340E-02   -1.4545E-01 
  10     1.0002E-02   -9.8853E-02   -1.8886E-01   -7.7876E-02   -1.4628E-01 
  11     1.0003E-02   -1.0040E-01   -1.8832E-01   -7.7965E-02   -1.4509E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
             131           132           141           142
           Z0_31         Z0_32         Z0_41         Z0_42

   0    -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01 
   1    -5.0847E-01   -5.0847E-01   -4.2988E-01   -4.2988E-01 
   2    -2.5458E-01   -2.5538E-01   -2.1494E-01   -2.1494E-01 
   3    -1.9151E-01   -1.9211E-01   -1.6171E-01   -1.6169E-01 
   4    -1.2514E-01   -1.2594E-01   -9.5350E-02   -9.5319E-02 
   5    -8.0939E-02   -8.1672E-02   -5.1165E-02   -5.1031E-02 
   6    -6.3679E-02   -7.5283E-02   -3.2107E-02   -3.2000E-02 
   7    -5.0972E-02   -7.1401E-02   -2.5857E-02   -2.5747E-02 
   8    -4.6608E-02   -7.0779E-02   -2.1691E-02   -2.1582E-02 
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   9    -4.2443E-02   -7.2092E-02   -2.0000E-02*  -2.0015E-02 
  10    -3.6887E-02   -7.3999E-02   -2.0004E-02   -2.0019E-02 
  11    -2.9479E-02   -7.6996E-02   -2.0006E-02   -2.0021E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.28 Three Rod Truss - Finding Rod Areas to Match Desirable 
Responses

Example ID:
D028        

Design Data Used:
DVAR, DVPROP1, DRESP1, DMATCH, DCONS 

Special Feature Used:
DMATCH data statement to find properties so analysis results will match desirable responses.

Problem Statement:
This example consists of finding the areas of the rods in the three rod structure so that the the final 
mass of the structure is 2.632 and the stress is rod 1 for load case 1 is 20000 psi and the stress in 
rod 3 for load case 2 is 20000 psi.

Design Problem: 
Match MASS and STRESSES results.

1. 3 design variables (3 rod areas).
2. 2 static load case
3. 1 stress constraint.
4. 2 displacements constraints.

Design Data Relationships: 

Results:
The final Match was successfully obtained. There are no active constraints in the final design. The 
problem converged in 6 design cycles. 

DRESP1

DOPT

DRESP1

DMATCH

DCONS

DVAR DVPROP1 PROD
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2.28.1 Input Data

ID D028
CEND
$
TITLE = FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES
SUBTITLE = MATCH MASSS AND TWO STRESSES
LINE = 64,80
ECHO=NONE
APRINT=LAST
DPRINT=LAST
MASS=YES
SPC = 100
DISP = ALL
STRESS = ALL
$
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
$
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
$ DESIGN VARIABLE DEFINITION
$
DVAR    1       A1      1.0     0.1     100.0
DVAR    2       A2      2.0     0.1     100.0
DVAR    3       A3      1.0     0.1     100.0
$
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
DVPROP1 10      11      1
+       1       1.0
DVPROP1 20      12      1
+       2       1.0
DVPROP1 30      13      1
+       3       1.0
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$
$ RESPONSES
$
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
DRESP1  25      S3      STRESS  PROD            2       13
$
$ MATCH DATA
$
DMATCH  20      1       2.632   23      1       20000.0 25      2       20000.
$
$ CONSTRAINTS
$
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   24      ALL     -15000. 20000.
$
$---- ANALYSIS DATA
$
$ GRID DATA
$
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$
$ BOUNDARY CONDITION DATA
$
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$
$ ELEMENT DATA
$
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$
$ PROPERTY AND MATERIAL DATA
$
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1
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$
$ LOAD DATA
$
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.28.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            
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PROJECT NAME: D028                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                      4
                  NUMBER OF CROD ELEMENTS:                    3
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         3
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:               2

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                   9
                 NUMBER OF CONSTRAINTS:                       12

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  2
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    3
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

                              M A S S   T A B L E

                        ITEM     NUMBER          MASS

                       SYSTEM                2.632461E+00
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                       PROD          11      1.129752E+00
                       PROD          12      2.957299E-01
                       PROD          13      1.206979E+00
                       MAT1           1      2.632461E+00
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    4
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  2.783047E+02
LOADCASE        2 ; RESIDUAL : -2.475573E-16 ; STRAIN ENERGY :  2.939375E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    5
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            
LOAD CONDITION 1                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      2.646663E-02     -1.353656E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    6
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            
LOAD CONDITION 2                                             LOADCASE         2

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3
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       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4     -2.695752E-02     -1.304622E-02      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    7
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            
LOAD CONDITION 1                                             LOADCASE         1

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1        2.000159E+04        2.000159E+04
       2        1.353656E+04        1.353656E+04
       3       -6.465036E+03       -6.465036E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    8
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            
LOAD CONDITION 2                                             LOADCASE         2

            S T R E S S E S   I N   R O D   E L E M E N T S

  ROD ID          STRESS-A            STRESS-B

       1       -6.955648E+03       -6.955648E+03
       2        1.304622E+04        1.304622E+04
       3        2.000187E+04        2.000187E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    9
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************
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 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  4.576048E-08

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     A1          1.000000E-01    7.988553E-01    1.000000E+02
         2     A2          1.000000E-01    2.957299E-01    1.000000E+02
         3     A3          1.000000E-01    8.534632E-01    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   10
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   ROD              2    2        1    1.353656E+04  UB   2.000000E+04   I
   ROD              2    2        2    1.304622E+04  UB   2.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   11
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-06

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
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APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   12
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     9.2873E-01         0.0%
   1     1.0859E-02         0.0%
   2     1.2190E-03         0.0%
   3     5.5594E-05         0.0%
   4     1.6675E-06         0.0%
   5     3.1267E-07         0.0%
   6     4.5760E-08         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   13
FINDING ROD AREAS TO MATCH DESIRABLE RESPONSES                          
MATCH MASSS AND TWO STRESSES                                            

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
              A1            A2            A3

   0     1.0000E+00    2.0000E+00    1.0000E+00 
   1     6.2640E-01    1.0000E+00    6.7844E-01 
   2     6.9877E-01    5.5991E-01    7.6644E-01 
   3     7.5738E-01    4.1054E-01    8.1328E-01 
   4     7.7894E-01    3.5277E-01    8.3490E-01 
   5     7.9139E-01    3.1591E-01    8.4647E-01 
   6     7.9886E-01    2.9573E-01    8.5346E-01 

                            ***** END OF OUTPUT *****
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2.29 Shape and Property Design of a Thin Axisymmetric 
Annulus

Example ID:
D029

Design Data Used:
DOPT, DVAR, DVPROP1, DOMAIN, DVGRIDC, DRESP1, DOBJ, DCONS

Special Feature Used:
Automatic grid stress constraint generation. 

Problem Statement:
Minimize the mass of a disk subject to grid stress constraints with both shape and property design 
variables.

Design Problem: 
Minimize mass; 3 property design variables, 2 shape design variables. Automatic grid stress con-
straints.

z

BASIS DESIGNS
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Design Data Relationships: 

Problem Description:
1. 24 CTRIAX6 elements are used to model the axisymmetric annulus
2. The annulus is subjected to two separate load conditions:

Centrifugal loading.
Inner and outer pressure loading.

3. The PAXIS property design variable represents a scale factor for the effective 
stiffness and mass of associated elements. This simulates the presence of voids in 
the axisymmetric model.

4. There are three property design variables, each corresponding to a different section 
of the model.

5. There are two shape perturbations: 1) uniform thickness change; 
and 2) linear thickness variation.

Results:
The mass of the annulus is reduced from 100.5 to 58.1 in three design cycles.  The initial design 
violated the stress constraints. The final design has stress constraints active on the inner surface 
for the centrifugal loadcase, and in the outer section for the pressure loadcase.

DVGRIDC

DVAR

DRESP1 DOBJ

DVAR

DVPROP1
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2.29.1 Input Data

ID D029
CEND

TITLE= Property and shape design of an axisymmetric annulus
ECHO=NONE
LINE=*,80

PERTURBATION = POST
SHAPE = POST

SET 10 =101, 102, 103, 104, 105, 106, 107, 108, 109,
        110, 111, 112, 113, 201, 202, 203, 204, 205,
        206, 207, 208, 209, 210, 211, 212, 213, 301,
        302, 303, 304, 305, 306, 307, 308, 309, 310,
        311, 312, 313, 401, 402, 403, 404, 405, 406,
        407, 408, 409, 410, 411, 412, 413, 501, 502,
        503, 504, 505, 506, 507, 508, 509, 510, 511,
        512, 513

LOADCASE 30
    LABEL = TEST CENTRIFUGAL VELOCITY FOR TWO TRIAX6 STRUCTURE
    CENT=300
    SPC =200
LOADCASE 60
    LABEL = TEST UNIFORM PLOADX1 FOR TWO TRIAX6 STRUCTURE
    LOAD=600
    SPC =200

BEGIN BULK
$
$                             Design data

$  Set optimization parameters to:
$        specify that DVGRID (and DVGRIDC) data contain perturbations
DOPT
+       BASIS   0

$  Declare design variables
DVAR    1       p1      1.0     0.5     1.0
DVAR    2       p2      1.0     0.5     1.0
DVAR    3       p3      1.0     0.5     1.0
DVAR    11      shp1    0.0     -.25    .25
DVAR    12      shp2    0.0     -.25    .25
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$  Associate design variables to element properties and shape perturbations
DVPROP1 1       101     1
+       1       1.0
DVPROP1 2       102     1
+       2       1.0
DVPROP1 3       103     1
+       3       1.0

DOMAIN  100
+       QUAD4   101     113     513     501
+       GSET    10

DVGRIDC 11      501                     0.0     0.0     1.0
DVGRIDC 11      513                     0.0     0.0     1.0

DVGRIDC 12      501                     0.0     0.0     1.0
DVGRIDC 12      513                     0.0     0.0     -1.0

$  Identify response quantities of interest
DRESP1  10      w       MASS

$  Select one response as the objective
DOBJ    10

$  Set constraints on remaining responses
DCONS   GSTRESS

$                          Analysis data
$
$   STRUCTURAL LOAD DATA
$
$------12------23------34------45------56------67------78------89------9
RFORCE  300                     0.2     0.0     0.0     1.0
$
PLOADX1 600     306     20.0    20.0    113     313
PLOADX1 600     307     20.0    20.0    313     513
PLOADX1 600     102     4.0     4.0     101     301
PLOADX1 600     103     4.0     4.0     301     501
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$
$   GRID DATA
$
GRDSET                                                  2456
GRID    101             2.0     0.0     3.0
GRID    102             3.0     0.0     3.0
GRID    103             4.0     0.0     3.0
GRID    104             5.0     0.0     3.0
GRID    105             6.0     0.0     3.0
GRID    106             7.0     0.0     3.0
GRID    107             8.0     0.0     3.0
GRID    108             9.0     0.0     3.0
GRID    109             10.0    0.0     3.0
GRID    110             11.0    0.0     3.0
GRID    111             12.0    0.0     3.0
GRID    112             13.0    0.0     3.0
GRID    113             14.0    0.0     3.0
$
GRID    201             2.0     0.0     3.25
GRID    202             3.0     0.0     3.25
GRID    203             4.0     0.0     3.25
GRID    204             5.0     0.0     3.25
GRID    205             6.0     0.0     3.25
GRID    206             7.0     0.0     3.25
GRID    207             8.0     0.0     3.25
GRID    208             9.0     0.0     3.25
GRID    209             10.0    0.0     3.25
GRID    210             11.0    0.0     3.25
GRID    211             12.0    0.0     3.25
GRID    212             13.0    0.0     3.25
GRID    213             14.0    0.0     3.25
$
GRID    301             2.0     0.0     3.5
GRID    302             3.0     0.0     3.5
GRID    303             4.0     0.0     3.5
GRID    304             5.0     0.0     3.5
GRID    305             6.0     0.0     3.5
GRID    306             7.0     0.0     3.5
GRID    307             8.0     0.0     3.5
GRID    308             9.0     0.0     3.5
GRID    309             10.0    0.0     3.5
GRID    310             11.0    0.0     3.5
GRID    311             12.0    0.0     3.5
GRID    312             13.0    0.0     3.5
GRID    313             14.0    0.0     3.5
$
GRID    401             2.0     0.0     3.75
GRID    402             3.0     0.0     3.75
GRID    403             4.0     0.0     3.75
GRID    404             5.0     0.0     3.75
GRID    405             6.0     0.0     3.75
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GRID    406             7.0     0.0     3.75
GRID    407             8.0     0.0     3.75
GRID    408             9.0     0.0     3.75
GRID    409             10.0    0.0     3.75
GRID    410             11.0    0.0     3.75
GRID    411             12.0    0.0     3.75
GRID    412             13.0    0.0     3.75
GRID    413             14.0    0.0     3.75
$
GRID    501             2.0     0.0     4.0
GRID    502             3.0     0.0     4.0
GRID    503             4.0     0.0     4.0
GRID    504             5.0     0.0     4.0
GRID    505             6.0     0.0     4.0
GRID    506             7.0     0.0     4.0
GRID    507             8.0     0.0     4.0
GRID    508             9.0     0.0     4.0
GRID    509             10.0    0.0     4.0
GRID    510             11.0    0.0     4.0
GRID    511             12.0    0.0     4.0
GRID    512             13.0    0.0     4.0
GRID    513             14.0    0.0     4.0
$
$   BOUNDARY CONDITIONS
$
SPC1    200     23456   301
$
$   ELEMENT DATA
$
$------12------23------34------45------56------67------78------89------9
CTRIAX6 101     101     101     102     103     203     303     202
CTRIAX6 102     101     101     202     303     302     301     201
CTRIAX6 103     101     301     302     303     402     501     401
CTRIAX6 104     101     501     402     303     403     503     502
$
CTRIAX6 105     101     103     104     105     204     303     203
CTRIAX6 106     101     105     205     305     304     303     204
CTRIAX6 107     101     303     304     305     405     505     404
CTRIAX6 108     101     303     404     505     504     503     403
$
CTRIAX6 201     102     105     106     107     207     307     206
CTRIAX6 202     102     105     206     307     306     305     205
CTRIAX6 203     102     305     306     307     406     505     405
CTRIAX6 204     102     505     406     307     407     507     506
$
CTRIAX6 205     102     107     108     109     208     307     207
CTRIAX6 206     102     109     209     309     308     307     208
CTRIAX6 207     102     307     308     309     409     509     408
CTRIAX6 208     102     307     408     509     508     507     407
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$
CTRIAX6 301     103     109     110     111     211     311     210
CTRIAX6 302     103     109     210     311     310     309     209
CTRIAX6 303     103     309     310     311     410     509     409
CTRIAX6 304     103     509     410     311     411     511     510
$
CTRIAX6 305     103     111     112     113     212     311     211
CTRIAX6 306     103     113     213     313     312     311     212
CTRIAX6 307     103     311     312     313     413     513     412
CTRIAX6 308     103     311     412     513     512     511     411
$
$   PROPERTY DATA
$
PAXIS   101     11      1.0
PAXIS   102     12      1.0
PAXIS   103     13      1.0
$
$   MATERIAL DATA
$
MAT1    11      5.0+6           0.3     0.3     0.1E-6  25.0
+       10.0    -10.0   25.0
MAT1    12      8.0+6           0.3     0.2     0.1E-6  25.0
+       10.0    -10.0   22.0
MAT1    13      10.0+6          0.3     0.1     0.1E-6  25.0
+       10.0    -10.0   21.0
$
ENDDATA
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2.29.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
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PROJECT NAME: D029                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     65
                  NUMBER OF TRIAX6 ELEMENTS:                 24
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        24
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF MATERIALS:                        3
                  NUMBER OF DEGREES OF FREEDOM:             129

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       5
                 TOTAL NUMBER OF DESIGN VARIABLES:             5
                 NUMBER OF SHAPE DESIGN VARIABLES:             2
                 NUMBER OF DIRECT RESPONSES:                 151
                 NUMBER OF CONSTRAINTS:                      300

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  2
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   32
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      5 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   33
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE       30 ; RESIDUAL :  8.705165E-14 ; STRAIN ENERGY :  4.113593E-03
LOADCASE       60 ; RESIDUAL :  2.058493E-14 ; STRAIN ENERGY :  8.062764E-03
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   34
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  5.480848E+01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     p1          5.000000E-01    9.292896E-01    1.000000E+00
         2     p2          5.000000E-01    5.261786E-01    1.000000E+00
         3     p3          5.000000E-01    5.000080E-01    1.000000E+00
        11     shp1       -2.500000E-01   -1.470903E-01    2.500000E-01
        12     shp2       -2.500000E-01   -6.735812E-04    2.500000E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   35
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

 CONSTRAINT

                        GRID STRESS         
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                  101   7        30    2.377295E+01  UB   2.500000E+01   A
                  102   7        30    1.751337E+01  UB   2.500000E+01   I
                  103   7        30    1.353548E+01  UB   2.500000E+01   I
                  105   7        30    1.329704E+01  UB   2.500000E+01   I
                  201   7        30    2.483817E+01  UB   2.500000E+01   A
                  202   7        30    1.757793E+01  UB   2.500000E+01   I
                  203   7        30    1.357208E+01  UB   2.500000E+01   I
                  205   7        30    1.336699E+01  UB   2.500000E+01   I
                  301   7        30    2.491996E+01  UB   2.500000E+01   A
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                  302   7        30    1.769015E+01  UB   2.500000E+01   I
                  303   7        30    1.314977E+01  UB   2.500000E+01   I
                  305   7        30    1.337273E+01  UB   2.500000E+01   I
                  401   7        30    2.486258E+01  UB   2.500000E+01   A
                  402   7        30    1.759940E+01  UB   2.500000E+01   I
                  403   7        30    1.358542E+01  UB   2.500000E+01   I
                  405   7        30    1.337961E+01  UB   2.500000E+01   I
                  501   7        30    2.381931E+01  UB   2.500000E+01   A
                  502   7        30    1.754938E+01  UB   2.500000E+01   I
                  503   7        30    1.356261E+01  UB   2.500000E+01   I
                  505   7        30    1.332222E+01  UB   2.500000E+01   I
                  105   7        30    1.329704E+01  UB   2.200000E+01   I
                  106   7        30    1.495483E+01  UB   2.200000E+01   I
                  107   7        30    1.345301E+01  UB   2.200000E+01   I
                  108   7        30    1.199698E+01  UB   2.200000E+01   I
                  205   7        30    1.336699E+01  UB   2.200000E+01   I
                  206   7        30    1.497378E+01  UB   2.200000E+01   I
                  207   7        30    1.347415E+01  UB   2.200000E+01   I
                  208   7        30    1.201336E+01  UB   2.200000E+01   I
                  305   7        30    1.337273E+01  UB   2.200000E+01   I
                  306   7        30    1.497740E+01  UB   2.200000E+01   I
                  307   7        30    1.350967E+01  UB   2.200000E+01   I
                  308   7        30    1.201905E+01  UB   2.200000E+01   I
                  405   7        30    1.337961E+01  UB   2.200000E+01   I
                  406   7        30    1.498837E+01  UB   2.200000E+01   I
                  407   7        30    1.348541E+01  UB   2.200000E+01   I
                  408   7        30    1.202255E+01  UB   2.200000E+01   I
                  505   7        30    1.332222E+01  UB   2.200000E+01   I
                  506   7        30    1.498113E+01  UB   2.200000E+01   I
                  507   7        30    1.347567E+01  UB   2.200000E+01   I
                  508   7        30    1.201746E+01  UB   2.200000E+01   I
                  109   7        30    1.194258E+01  UB   2.100000E+01   I
                  110   7        30    1.206793E+01  UB   2.100000E+01   I
                  111   7        30    1.095985E+01  UB   2.100000E+01   I
                  209   7        30    1.197053E+01  UB   2.100000E+01   I
                  210   7        30    1.207673E+01  UB   2.100000E+01   I
                  211   7        30    1.096723E+01  UB   2.100000E+01   I
                  309   7        30    1.198118E+01  UB   2.100000E+01   I
                  310   7        30    1.208703E+01  UB   2.100000E+01   I
                  311   7        30    1.093987E+01  UB   2.100000E+01   I
                  409   7        30    1.198070E+01  UB   2.100000E+01   I
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                        GRID STRESS         
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  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                  410   7        30    1.208750E+01  UB   2.100000E+01   I
                  411   7        30    1.097632E+01  UB   2.100000E+01   I
                  509   7        30    1.196281E+01  UB   2.100000E+01   I
                  510   7        30    1.208799E+01  UB   2.100000E+01   I
                  511   7        30    1.097811E+01  UB   2.100000E+01   I
                  101   7        60    1.454565E+01  UB   2.500000E+01   I
                  105   7        60    1.467186E+01  UB   2.500000E+01   I
                  201   7        60    1.508147E+01  UB   2.500000E+01   I
                  205   7        60    1.471025E+01  UB   2.500000E+01   I
                  301   7        60    1.512966E+01  UB   2.500000E+01   I
                  305   7        60    1.472560E+01  UB   2.500000E+01   I
                  401   7        60    1.514576E+01  UB   2.500000E+01   I
                  405   7        60    1.474938E+01  UB   2.500000E+01   I
                  501   7        60    1.466648E+01  UB   2.500000E+01   I
                  505   7        60    1.475055E+01  UB   2.500000E+01   I
                  106   7        60    1.847268E+01  UB   2.200000E+01   I
                  107   7        60    1.852593E+01  UB   2.200000E+01   I
                  108   7        60    1.845144E+01  UB   2.200000E+01   I
                  109   7        60    1.967615E+01  UB   2.200000E+01   I
                  206   7        60    1.850265E+01  UB   2.200000E+01   I
                  207   7        60    1.856939E+01  UB   2.200000E+01   I
                  208   7        60    1.850256E+01  UB   2.200000E+01   I
                  209   7        60    1.969643E+01  UB   2.200000E+01   I
                  306   7        60    1.851284E+01  UB   2.200000E+01   I
                  307   7        60    1.876083E+01  UB   2.200000E+01   I
                  308   7        60    1.851546E+01  UB   2.200000E+01   I
                  309   7        60    1.971421E+01  UB   2.200000E+01   I
                  406   7        60    1.854975E+01  UB   2.200000E+01   I
                  407   7        60    1.860950E+01  UB   2.200000E+01   I
                  408   7        60    1.853544E+01  UB   2.200000E+01   I
                  409   7        60    1.973059E+01  UB   2.200000E+01   I
                  506   7        60    1.856151E+01  UB   2.200000E+01   I
                  507   7        60    1.860595E+01  UB   2.200000E+01   I
                  508   7        60    1.852303E+01  UB   2.200000E+01   I
                  509   7        60    1.974449E+01  UB   2.200000E+01   I
                  110   7        60    2.092576E+01  UB   2.100000E+01   A
                  111   7        60    2.084352E+01  UB   2.100000E+01   A
                  112   7        60    2.083713E+01  UB   2.100000E+01   A
                  113   7        60    2.082673E+01  UB   2.100000E+01   A
                  210   7        60    2.092287E+01  UB   2.100000E+01   A
                  211   7        60    2.084328E+01  UB   2.100000E+01   A
                  212   7        60    2.084985E+01  UB   2.100000E+01   A
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                  213   7        60    2.082871E+01  UB   2.100000E+01   A
                  310   7        60    2.095132E+01  UB   2.100000E+01   A
                  311   7        60    2.074316E+01  UB   2.100000E+01   A
                  312   7        60    2.086460E+01  UB   2.100000E+01   A
                  313   7        60    2.083868E+01  UB   2.100000E+01   A
                  410   7        60    2.095828E+01  UB   2.100000E+01   A
                  411   7        60    2.087062E+01  UB   2.100000E+01   A
                  412   7        60    2.086979E+01  UB   2.100000E+01   A

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   37
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

                        GRID STRESS         
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                  413   7        60    2.084839E+01  UB   2.100000E+01   A
                  510   7        60    2.098997E+01  UB   2.100000E+01   A
                  511   7        60    2.089817E+01  UB   2.100000E+01   A
                  512   7        60    2.088243E+01  UB   2.100000E+01   A
                  513   7        60    2.086502E+01  UB   2.100000E+01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   38
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
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THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   39
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.0053E+02        19.7%
   1     7.1023E+01         0.4%
   2     5.7378E+01         0.8%
   3     5.8100E+01         0.0%
   4     5.4809E+01         0.0%
   5     5.4808E+01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   40
PROPERTY AND SHAPE DESIGN OF AN AXISYMMETRIC ANNULUS                    
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3            11            12
              p1            p2            p3          shp1          shp2

   0     1.0000E+00*   1.0000E+00*   1.0000E+00*   0.0000E+00    0.0000E+00 
   1     1.0000E+00*   6.3172E-01    5.0000E-01*   4.3316E-03    1.0233E-02 
   2     9.1707E-01    5.1530E-01    5.0000E-01*  -9.5668E-02   -1.8040E-03 
   3     9.3050E-01    5.2699E-01    5.0000E-01*  -9.7090E-02    1.9788E-03 
   4     9.2929E-01    5.2618E-01    5.0001E-01   -1.4709E-01   -6.7260E-04 
   5     9.2929E-01    5.2618E-01    5.0001E-01   -1.4709E-01   -6.7358E-04 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.30 Shape Design of a Plate with a Hole II

Example ID:
D030

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DOBJ, DCONS, DOPT, DSCREEN

Special Feature Used:
Uses DOMAIN + DVGRIDC to automatically generate DVGRID data.

Problem Statement:
Same as D016.

Design Problem: 
Minimize mass; 3 shape design variables; 30 stress constraints.

Design Data Relationships: 

Problem Description:
Same as D016 except:

1. There are three shape perturbations that control the shape of the hole:  1.)  uniformly 
increase the radius of the hole by .1;  2.)  stretch the hole into an oval;  and 3.)  flatten 
circular hole into a diamond.

2. A QUAD4 DOMAIN (picture) is created and DVGRIDC perturbations are applied 
to DOMAIN corner and mid-side nodes.  This automatically generates 
corresponding DVGRID data for every grid of the domain.

DVGRIDC

DRESP1 DOBJ, DCONS

DVAR
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Results:
The mass of the quarter plate model is reduced from 4.11 to 3.38.

INITIAL DESIGN OPTIMUM DESIGN
AND DOMAIN ELEMENT
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2.30.1 Input Data

ID D030
POST = PUNCH
CEND

LINE = *,80
ECHO = none

BASIS = POST

TITLE=QUARTER PANEL WITH HOLE
SUBTITLE = Minimize volume - domain + dvgridc perturbations

LOADCASE 1
    STRESS = POST
    SPC = 200
    LOAD = 1

$ NODE SET (for domain)
SET   10 =      42,      41,      40,      39,      38,      37,      31,
                32,      33,      34,      35,
                11,       5,       4,      10,      16,      22,      28,
                27,      26,      25,      19,      13,       7,       1,
                 2,       8,      14,      20,      21,      15,       9,
                 3,       6

BEGIN BULK
$                             Design data

$  Declare design variables
DVAR    1       SHAPE1  0.0      -100.     100.0
DVAR    2       SHAPE2  0.0      -100.     100.0
DVAR    3       SHAPE4  0.0      -100.     100.0
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$  Associate design variables with shape perturbations
DOMAIN  10
+       QUAD4   1       6       42      37
+       GSET    10
$  Shape 1  -- uniformly expand circular hole
DVGRIDC 1       1                       .1      0.0     0.0
DVGRIDC 1       19                      .07071  .07071  0.0
DVGRIDC 1       37                      0.0     .1      0.0
$  Shape 2  -- stretch hole into ellipse
DVGRIDC 2       37                      0.0     0.3     0.0
DVGRIDC 2       19                      0.0     0.15    0.0
$  Shape 3  -- flatten hole into diamond
DVGRIDC 3       19                      -.07071 -.07071 0.0

$  Identify response quantities of interest
DRESP1  2       OBJ     MASS
DRESP1  90      SIGVM   STRESS                  2       100

$  Select one response as the objective
DOBJ    2                       MIN

$  Set constraints on remaining responses
DCONS   90      ALL             10000.

$  Change optimization parameters to:
$     set DVGRID method to ‘pertubation’
$     use large move limits
$     increase DVGRIDC tolerance for selecting a mid-side node
DOPT
+       BASIS   0       DELX    3.      DXMIN   20.     DVGTOL  .22
$  Retain more constraints due to large move limits
DSCREEN STRESS  -.9

$                            Analysis data

$------12------23------34------45------56------67------78------89------9
PSHELL       100      10.150E+00      10              10                P100
CQUAD4         1     100       1       2       8       7
CQUAD4         2     100       2       3       9       8
CQUAD4         3     100       3       4      10       9
CQUAD4         4     100       4       5      11      10
CQUAD4         5     100       5       6      12      11
CQUAD4         6     100       7       8      14      13
CQUAD4         7     100       8       9      15      14
CQUAD4         8     100       9      10      16      15
CQUAD4         9     100      10      11      17      16
CQUAD4        10     100      11      12      18      17
CQUAD4        11     100      13      14      20      19
CQUAD4        12     100      14      15      21      20
CQUAD4        13     100      15      16      22      21
CQUAD4        14     100      16      17      23      22
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CQUAD4        15     100      17      18      24      23
CQUAD4        16     100      19      20      26      25
CQUAD4        17     100      20      21      27      26
CQUAD4        18     100      21      22      28      27
CQUAD4        19     100      22      23      29      28
CQUAD4        20     100      23      24      30      29
CQUAD4        21     100      25      26      32      31
CQUAD4        22     100      26      27      33      32
CQUAD4        23     100      27      28      34      33
CQUAD4        24     100      28      29      35      34
CQUAD4        25     100      29      30      36      35
CQUAD4        26     100      31      32      38      37
CQUAD4        27     100      32      33      39      38
CQUAD4        28     100      33      34      40      39
CQUAD4        29     100      34      35      41      40
CQUAD4        30     100      35      36      42      41
$------12------23------34------45------56------67------78------89------9
MAT1          10.290E+08        .208E+00.283E+00.000E+00.000E+00.000E+00
GRDSET                                                  345
GRID           1           2.000   0.000   0.000
GRID           2           2.607   0.000   0.000
GRID           3           3.517   0.000   0.000
GRID           4           4.882   0.000   0.000
GRID           5           6.929   0.000   0.000
GRID           6          10.000   0.000   0.000
GRID           7           1.932   0.518   0.000
GRID           8           2.544   0.682   0.000
GRID           9           3.461   0.927   0.000
GRID          10           4.838   1.296   0.000
GRID          11           6.903   1.850   0.000
GRID          12          10.000   2.679   0.000
GRID          13           1.732   1.000   0.000
GRID          14           2.359   1.362   0.000
GRID          15           3.299   1.905   0.000
GRID          16           4.710   2.719   0.000
GRID          17           6.826   3.941   0.000
GRID          18          10.000   5.773   0.000
GRID          19           1.414   1.414   0.000
GRID          20           2.065   2.065   0.000
GRID          21           3.042   3.042   0.000
GRID          22           4.507   4.507   0.000
GRID          23           6.704   6.704   0.000
GRID          24          10.000  10.000   0.000
GRID          25           1.000   1.732   0.000
GRID          26           1.362   2.359   0.000
GRID          27           1.905   3.299   0.000
GRID          28           2.719   4.710   0.000
GRID          29           3.941   6.826   0.000
GRID          30           5.773  10.000   0.000
GRID          31           0.518   1.932   0.000
GRID          32           0.682   2.544   0.000
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GRID          33           0.927   3.461   0.000
GRID          34           1.296   4.838   0.000
GRID          35           1.850   6.903   0.000
GRID          36           2.679  10.000   0.000
GRID          37           0.000   2.000   0.000
GRID          38           0.000   2.607   0.000
GRID          39           0.000   3.517   0.000
GRID          40           0.000   4.882   0.000
GRID          41           0.000   6.929   0.000
GRID          42           0.000  10.000   0.000
SPC          200       1       2     0.0
SPC          200       2       2     0.0
SPC          200       3       2     0.0
SPC          200       4       2     0.0
SPC          200       5       2     0.0
SPC          200       6       2     0.0
SPC          200      37       1     0.0
SPC          200      38       1     0.0
SPC          200      39       1     0.0
SPC          200      40       1     0.0
SPC          200      41       1     0.0
SPC          200      42       1     0.0
FORCE   1        6              1.0     1004.81 0.000
FORCE   1       12              1.0     2165.06 0.000
FORCE   1       18              1.0     2745.19 0.000
FORCE   1       24              1.0     1584.94 792.47
FORCE   1       30              1.0     0.000   1372.60
FORCE   1       36              1.0     0.000   1082.53
FORCE   1       42              1.0     0.000   502.40
ENDDATA
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2.30.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        
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PROJECT NAME: D030                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     42
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         30
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        30
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             114

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF SHAPE DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                  31
                 NUMBER OF CONSTRAINTS:                       60

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   26
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   27
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  2.018340E-15 ; STRAIN ENERGY :  1.063804E+01
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   28
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.377311E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     SHAPE1     -1.000000E+02    5.195090E+01    1.000000E+02
         2     SHAPE2     -1.000000E+02   -1.137574E+01    1.000000E+02
         3     SHAPE4     -1.000000E+02    7.572654E+00    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   29
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1    2        1    9.970197E+03  UB   1.000000E+04   A
   QUAD4            2    2        1    8.651261E+03  UB   1.000000E+04   I
   QUAD4            3    2        1    7.446279E+03  UB   1.000000E+04   I
   QUAD4            6    2        1    8.025063E+03  UB   1.000000E+04   I
   QUAD4            7    2        1    9.258201E+03  UB   1.000000E+04   A
   QUAD4            8    2        1    7.991402E+03  UB   1.000000E+04   I
   QUAD4            9    2        1    7.840564E+03  UB   1.000000E+04   I
   QUAD4           11    2        1    9.951572E+03  UB   1.000000E+04   A
   QUAD4           12    2        1    8.637559E+03  UB   1.000000E+04   I
   QUAD4           13    2        1    8.172428E+03  UB   1.000000E+04   I
   QUAD4           16    2        1    9.653259E+03  UB   1.000000E+04   A
   QUAD4           17    2        1    9.085110E+03  UB   1.000000E+04   A
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   QUAD4           18    2        1    7.825376E+03  UB   1.000000E+04   I
   QUAD4           21    2        1    9.957926E+03  UB   1.000000E+04   A
   QUAD4           22    2        1    8.716922E+03  UB   1.000000E+04   I
   QUAD4           23    2        1    8.189197E+03  UB   1.000000E+04   I
   QUAD4           26    2        1    9.146316E+03  UB   1.000000E+04   A
   QUAD4           27    2        1    9.031814E+03  UB   1.000000E+04   A
   QUAD4           28    2        1    7.793056E+03  UB   1.000000E+04   I
   QUAD4           29    2        1    7.266770E+03  UB   1.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   30
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   31
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     4.1132E+00         0.0%
   1     3.8452E+00         0.0%
   2     3.5099E+00        42.2%
   3     3.5743E+00         3.9%
   4     3.4546E+00         0.0%
   5     3.3903E+00         0.0%
   6     3.3773E+00         0.0%
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   32
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME - DOMAIN + DVGRIDC PERTURBATIONS                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
          SHAPE1        SHAPE2        SHAPE4

   0     0.0000E+00    0.0000E+00    0.0000E+00 
   1     2.0000E+01   -4.5958E+00   -1.9024E+00 
   2     5.4676E+01   -1.3166E+01    1.3655E+01 
   3     4.7444E+01   -1.0271E+01    1.2614E+01 
   4     4.8862E+01   -1.0334E+01    8.8355E+00 
   5     5.1570E+01   -1.1278E+01    7.8073E+00 
   6     5.1951E+01   -1.1376E+01    7.5727E+00 

                            ***** END OF OUTPUT *****
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2.31 Shape Design of a Plate with a Hole III

Example ID:
D031

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DOBJ, DCONS, DOPT, DSCREEN

Special Features Used:
Uses DOMAIN + DVGRIDC to automatically generate DVGRID data.
Uses Mesh Smoothing to relieve mesh distortion due to shape optimization.

Problem Statement:
Same as D016.

Design Problem: 
Minimize mass; 3 shape design variables; 30 stress constraints.

Design Data Relationships: 

Problem Description:
Same as D016 except:

1. A QUAD4 DOMAIN (picture) is created, but only grids along the perimeter of the 
model are included.  Therefore, DVGRIDC perturbations applied to DOMAIN 
corner and mid-side nodes will only generate perturbations for those perimeter 
grids.  The mesh smoothing procedure will be called during each design cycle to 
automatically adjust the interior nodes.

DVGRIDC

DRESP1 DOBJ, DCONS

DVAR
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Results:
The mass of the quarter plate model is reduced from 4.11 to 3.27.

INITIAL DESIGN OPTIMUM DESIGN
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2.31.1 Input Data

ID D031
DIAG = 903
CEND

ECHO = NONE
LINE = *,80

TITLE=QUARTER PANEL WITH HOLE
SUBTITLE = Minimize volume -- edge perturbations and mesh smoothing

LOADCASE 1
    STRESS = ALL
    SPC = 200
    LOAD = 1

$ NODE SET (for domain)
SET   10 =      42,      41,      40,      39,      38,      37,      31,
                25,      19,      13,       7,       1,       2,       3,
                 4,       5,       6
$
BEGIN BULK
$  Turn on mesh smoothing
PARAM,MSMOOTH,ON

$                          Design data

$  Declare design variables
DVAR    1       SHAPE1  0.0      -100.     100.0
DVAR    2       SHAPE2  0.0      -100.     100.0
DVAR    3       SHAPE4  0.0      -100.     100.0

$  Associate design variables with shape perturbations
DOMAIN  1
+       QUAD4   1       6       42      37
+       GSET    10
$  Shape 1  -- uniformly expand circular hole
DVGRIDC 1       1                       .1      0.0     0.0
DVGRIDC 1       19                      .07071  .07071  0.0
DVGRIDC 1       37                      0.0     .1      0.0
$  Shape 2  -- stretch hole into ellipse
DVGRIDC 2       37                      0.0     0.3     0.0
DVGRIDC 2       19                      0.0     0.15    0.0
$  Shape 4  -- flatten hole into diamond
DVGRIDC 3       19                      -.07071 -.07071 0.0
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$  Identify response quantities of interest
DRESP1  2       OBJ     MASS
DRESP1  90      SIGVM   STRESS                  2       100

$  Select one response as the objective
DOBJ    2                       MIN

$  Set constraints on remaining responses
DCONS   90      ALL             10000.

$  Change optimization parameters to:
$     set DVGRID method to ‘pertubation’
$     use larger move limits
$     increase DVGRIDC tolerance for selecting a mid-side node
DOPT
+       BASIS   0       DELX    3.      DXMIN   20.     DVGTOL  .22
$  Retain more constraints due to large move limits
DSCREEN STRESS  -.9

$                            Analysis data

$------12------23------34------45------56------67------78------89------9
PSHELL       100      10.150E+00      10              10                P100
CQUAD4         1     100       1       2       8       7
CQUAD4         2     100       2       3       9       8
CQUAD4         3     100       3       4      10       9
CQUAD4         4     100       4       5      11      10
CQUAD4         5     100       5       6      12      11
CQUAD4         6     100       7       8      14      13
CQUAD4         7     100       8       9      15      14
CQUAD4         8     100       9      10      16      15
CQUAD4         9     100      10      11      17      16
CQUAD4        10     100      11      12      18      17
CQUAD4        11     100      13      14      20      19
CQUAD4        12     100      14      15      21      20
CQUAD4        13     100      15      16      22      21
CQUAD4        14     100      16      17      23      22
CQUAD4        15     100      17      18      24      23
CQUAD4        16     100      19      20      26      25
CQUAD4        17     100      20      21      27      26
CQUAD4        18     100      21      22      28      27
CQUAD4        19     100      22      23      29      28
CQUAD4        20     100      23      24      30      29
CQUAD4        21     100      25      26      32      31
CQUAD4        22     100      26      27      33      32
CQUAD4        23     100      27      28      34      33
CQUAD4        24     100      28      29      35      34
CQUAD4        25     100      29      30      36      35
CQUAD4        26     100      31      32      38      37
CQUAD4        27     100      32      33      39      38
CQUAD4        28     100      33      34      40      39
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CQUAD4        29     100      34      35      41      40
CQUAD4        30     100      35      36      42      41
$------12------23------34------45------56------67------78------89------9
MAT1          10.290E+08        .208E+00.283E+00.000E+00.000E+00.000E+00
GRDSET                                                  345
GRID           1           2.000   0.000   0.000
GRID           2           2.607   0.000   0.000
GRID           3           3.517   0.000   0.000
GRID           4           4.882   0.000   0.000
GRID           5           6.929   0.000   0.000
GRID           6          10.000   0.000   0.000
GRID           7           1.932   0.518   0.000
GRID           8           2.544   0.682   0.000
GRID           9           3.461   0.927   0.000
GRID          10           4.838   1.296   0.000
GRID          11           6.903   1.850   0.000
GRID          12          10.000   2.679   0.000
GRID          13           1.732   1.000   0.000
GRID          14           2.359   1.362   0.000
GRID          15           3.299   1.905   0.000
GRID          16           4.710   2.719   0.000
GRID          17           6.826   3.941   0.000
GRID          18          10.000   5.773   0.000
GRID          19           1.414   1.414   0.000
GRID          20           2.065   2.065   0.000
GRID          21           3.042   3.042   0.000
GRID          22           4.507   4.507   0.000
GRID          23           6.704   6.704   0.000
GRID          24          10.000  10.000   0.000
GRID          25           1.000   1.732   0.000
GRID          26           1.362   2.359   0.000
GRID          27           1.905   3.299   0.000
GRID          28           2.719   4.710   0.000
GRID          29           3.941   6.826   0.000
GRID          30           5.773  10.000   0.000
GRID          31           0.518   1.932   0.000
GRID          32           0.682   2.544   0.000
GRID          33           0.927   3.461   0.000
GRID          34           1.296   4.838   0.000
GRID          35           1.850   6.903   0.000
GRID          36           2.679  10.000   0.000
GRID          37           0.000   2.000   0.000
GRID          38           0.000   2.607   0.000
GRID          39           0.000   3.517   0.000
GRID          40           0.000   4.882   0.000
GRID          41           0.000   6.929   0.000
GRID          42           0.000  10.000   0.000
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SPC          200       1       2     0.0
SPC          200       2       2     0.0
SPC          200       3       2     0.0
SPC          200       4       2     0.0
SPC          200       5       2     0.0
SPC          200       6       2     0.0
SPC          200      37       1     0.0
SPC          200      38       1     0.0
SPC          200      39       1     0.0
SPC          200      40       1     0.0
SPC          200      41       1     0.0
SPC          200      42       1     0.0
FORCE   1        6              1.0     1004.81 0.000
FORCE   1       12              1.0     2165.06 0.000
FORCE   1       18              1.0     2745.19 0.000
FORCE   1       24              1.0     1584.94 792.47
FORCE   1       30              1.0     0.000   1372.60
FORCE   1       36              1.0     0.000   1082.53
FORCE   1       42              1.0     0.000   502.40
ENDDATA
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2.31.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                
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===== START MESH SMOOTHING FOR PID =     100
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== END MESH SMOOTHING FOR PID =     100
===== FE MESH HAS BEEN IMPROVED & CHANGED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    2
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

PROJECT NAME: D031                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     42
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         30
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        30
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             114

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF SHAPE DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                  31
                 NUMBER OF CONSTRAINTS:                       60

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   75
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                
GENESIS November 2009 Design Examples Manual 333



              ********************************************
              *  D E S I G N  C Y C L E      9 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   76
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -1.334807E-14 ; STRAIN ENERGY :  1.132532E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   77
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

       1     1    4.760005E+03   1.000115E+04   1.042128E+04   9.012657E+02
                  3.425462E+03   7.897079E+03  -4.202238E+03
             2    4.760005E+03   1.000115E+04   1.042128E+04   9.012657E+02
                  3.425462E+03   7.897079E+03  -4.202238E+03

       2     1    3.605278E+03   8.639033E+03   9.575102E+03   2.364546E+03
                  4.192704E+03   7.746944E+03  -3.136857E+03
             2    3.605278E+03   8.639033E+03   9.575102E+03   2.364546E+03
                  4.192704E+03   7.746944E+03  -3.136857E+03

       3     1    2.752969E+03   7.656448E+03   8.743351E+03   3.237414E+03
                  4.449035E+03   7.531730E+03  -2.281027E+03
             2    2.752969E+03   7.656448E+03   8.743351E+03   3.237414E+03
                  4.449035E+03   7.531730E+03  -2.281027E+03

       4     1    1.931642E+03   7.157168E+03   8.258674E+03   4.395390E+03
                  5.041940E+03   7.612124E+03  -1.442144E+03
             2    1.931642E+03   7.157168E+03   8.258674E+03   4.395390E+03
                  5.041940E+03   7.612124E+03  -1.442144E+03

       5     1    1.518917E+03   7.405797E+03   8.441669E+03   5.403835E+03
                  5.509858E+03   8.335646E+03  -5.575296E+02
             2    1.518917E+03   7.405797E+03   8.441669E+03   5.403835E+03
                  5.509858E+03   8.335646E+03  -5.575296E+02
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       6     1    4.107827E+03   8.804967E+03   9.294802E+03   1.079147E+03
                  5.074810E+03   5.299139E+03   4.106296E+03
             2    4.107827E+03   8.804967E+03   9.294802E+03   1.079147E+03
                  5.074810E+03   5.299139E+03   4.106296E+03

       7     1    3.713074E+03   8.201136E+03   8.802070E+03   1.375922E+03
                  1.502293E+03   8.675699E+03  -9.604585E+02
             2    3.713074E+03   8.201136E+03   8.802070E+03   1.375922E+03
                  1.502293E+03   8.675699E+03  -9.604585E+02

       8     1    2.659727E+03   6.941556E+03   7.852294E+03   2.532840E+03
                  3.390804E+03   6.994331E+03  -1.956476E+03
             2    2.659727E+03   6.941556E+03   7.852294E+03   2.532840E+03
                  3.390804E+03   6.994331E+03  -1.956476E+03

       9     1    1.704820E+03   5.794859E+03   6.690916E+03   3.281275E+03
                  5.011441E+03   4.960750E+03  -1.704632E+03
             2    1.704820E+03   5.794859E+03   6.690916E+03   3.281275E+03
                  5.011441E+03   4.960750E+03  -1.704632E+03

      10     1    6.263367E+02   4.853185E+03   5.356719E+03   4.104046E+03
                  5.211016E+03   4.249749E+03  -4.016081E+02
             2    6.263367E+02   4.853185E+03   5.356719E+03   4.104046E+03
                  5.211016E+03   4.249749E+03  -4.016081E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   78
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

      11     1    4.744604E+03   9.742187E+03   9.976851E+03   4.876437E+02
                  2.718089E+03   7.746405E+03   4.023714E+03
             2    4.744604E+03   9.742187E+03   9.976851E+03   4.876437E+02
                  2.718089E+03   7.746405E+03   4.023714E+03

      12     1    3.468603E+03   7.912735E+03   8.618143E+03   1.680937E+03
                  1.720772E+03   8.578307E+03  -5.241744E+02
             2    3.468603E+03   7.912735E+03   8.618143E+03   1.680937E+03
                  1.720772E+03   8.578307E+03  -5.241744E+02
GENESIS November 2009 Design Examples Manual 335



      13     1    2.564917E+03   6.580716E+03   7.419752E+03   2.289919E+03
                  2.879409E+03   6.830261E+03  -1.635998E+03
             2    2.564917E+03   6.580716E+03   7.419752E+03   2.289919E+03
                  2.879409E+03   6.830261E+03  -1.635998E+03

      14     1    1.549744E+03   5.227825E+03   6.035838E+03   2.936349E+03
                  3.789339E+03   5.182848E+03  -1.384283E+03
             2    1.549744E+03   5.227825E+03   6.035838E+03   2.936349E+03
                  3.789339E+03   5.182848E+03  -1.384283E+03

      15     1    1.284448E+03   4.614710E+03   5.327483E+03   2.758587E+03
                  5.244221E+03   2.841849E+03   4.549271E+02
             2    1.284448E+03   4.614710E+03   5.327483E+03   2.758587E+03
                  5.244221E+03   2.841849E+03   4.549271E+02

      16     1    4.784424E+03   9.967969E+03   1.032412E+04   7.552738E+02
                  1.259818E+03   9.819578E+03   2.138537E+03
             2    4.784424E+03   9.967969E+03   1.032412E+04   7.552738E+02
                  1.259818E+03   9.819578E+03   2.138537E+03

      17     1    3.576025E+03   8.021216E+03   8.672694E+03   1.520644E+03
                  1.584518E+03   8.608820E+03  -6.728672E+02
             2    3.576025E+03   8.021216E+03   8.672694E+03   1.520644E+03
                  1.584518E+03   8.608820E+03  -6.728672E+02

      18     1    2.663622E+03   6.674154E+03   7.486452E+03   2.159208E+03
                  2.653041E+03   6.992619E+03  -1.544959E+03
             2    2.663622E+03   6.674154E+03   7.486452E+03   2.159208E+03
                  2.653041E+03   6.992619E+03  -1.544959E+03

      19     1    1.999394E+03   5.636897E+03   6.447076E+03   2.448288E+03
                  3.448321E+03   5.447043E+03  -1.731720E+03
             2    1.999394E+03   5.636897E+03   6.447076E+03   2.448288E+03
                  3.448321E+03   5.447043E+03  -1.731720E+03

      20     1    1.222968E+03   4.539874E+03   5.238376E+03   2.792440E+03
                  3.922452E+03   4.108365E+03  -1.219430E+03
             2    1.222968E+03   4.539874E+03   5.238376E+03   2.792440E+03
                  3.922452E+03   4.108365E+03  -1.219430E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   79
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S
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QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

      21     1    4.811963E+03   9.908835E+03   1.017107E+04   5.471452E+02
                  6.320790E+02   1.008614E+04  -9.001017E+02
             2    4.811963E+03   9.908835E+03   1.017107E+04   5.471452E+02
                  6.320790E+02   1.008614E+04  -9.001017E+02

      22     1    3.803917E+03   8.339398E+03   8.916274E+03   1.308439E+03
                  1.384139E+03   8.840574E+03  -7.551041E+02
             2    3.803917E+03   8.339398E+03   8.916274E+03   1.308439E+03
                  1.384139E+03   8.840574E+03  -7.551041E+02

      23     1    3.075881E+03   7.221793E+03   7.951448E+03   1.799686E+03
                  2.069649E+03   7.681485E+03  -1.260108E+03
             2    3.075881E+03   7.221793E+03   7.951448E+03   1.799686E+03
                  2.069649E+03   7.681485E+03  -1.260108E+03

      24     1    2.404823E+03   6.286697E+03   7.113649E+03   2.304003E+03
                  2.950877E+03   6.466774E+03  -1.640973E+03
             2    2.404823E+03   6.286697E+03   7.113649E+03   2.304003E+03
                  2.950877E+03   6.466774E+03  -1.640973E+03

      25     1    2.134410E+03   5.717152E+03   6.495454E+03   2.226633E+03
                  2.236030E+03   6.486058E+03  -2.000584E+02
             2    2.134410E+03   5.717152E+03   6.495454E+03   2.226633E+03
                  2.236030E+03   6.486058E+03  -2.000584E+02

      26     1    4.774335E+03   9.510924E+03   9.472722E+03  -7.594904E+01
                  9.403281E+02   8.456444E+03  -2.944703E+03
             2    4.774335E+03   9.510924E+03   9.472722E+03  -7.594904E+01
                  9.403281E+02   8.456444E+03  -2.944703E+03

      27     1    4.292675E+03   8.935734E+03   9.249103E+03   6.637537E+02
                  6.909107E+02   9.221946E+03  -4.820941E+02
             2    4.292675E+03   8.935734E+03   9.249103E+03   6.637537E+02
                  6.909107E+02   9.221946E+03  -4.820941E+02

      28     1    3.612598E+03   8.005514E+03   8.606159E+03   1.380963E+03
                  1.430532E+03   8.556590E+03  -5.963993E+02
             2    3.612598E+03   8.005514E+03   8.606159E+03   1.380963E+03
                  1.430532E+03   8.556590E+03  -5.963993E+02

      29     1    2.970678E+03   7.101295E+03   7.864920E+03   1.923564E+03
                  1.926428E+03   7.862055E+03  -1.304336E+02
             2    2.970678E+03   7.101295E+03   7.864920E+03   1.923564E+03
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                  1.926428E+03   7.862055E+03  -1.304336E+02

      30     1    2.495132E+03   6.578048E+03   7.454333E+03   2.464068E+03
                  2.471712E+03   7.446688E+03  -1.951620E+02
             2    2.495132E+03   6.578048E+03   7.454333E+03   2.464068E+03
                  2.471712E+03   7.446688E+03  -1.951620E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   80
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

              ********************************************
              *  D E S I G N  C Y C L E      9 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.270518E+00

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     SHAPE1     -1.000000E+02    5.537602E+01    1.000000E+02
         2     SHAPE2     -1.000000E+02   -1.189664E+01    1.000000E+02
         3     SHAPE4     -1.000000E+02    6.980877E+00    1.000000E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   81
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1    2        1    1.000115E+04  UB   1.000000E+04   A
   QUAD4            2    2        1    8.639033E+03  UB   1.000000E+04   I
   QUAD4            3    2        1    7.656448E+03  UB   1.000000E+04   I
   QUAD4            4    2        1    7.157168E+03  UB   1.000000E+04   I
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   QUAD4            5    2        1    7.405797E+03  UB   1.000000E+04   I
   QUAD4            6    2        1    8.804967E+03  UB   1.000000E+04   I
   QUAD4            7    2        1    8.201136E+03  UB   1.000000E+04   I
   QUAD4            8    2        1    6.941556E+03  UB   1.000000E+04   I
   QUAD4           11    2        1    9.742187E+03  UB   1.000000E+04   A
   QUAD4           12    2        1    7.912735E+03  UB   1.000000E+04   I
   QUAD4           16    2        1    9.967969E+03  UB   1.000000E+04   A
   QUAD4           17    2        1    8.021216E+03  UB   1.000000E+04   I
   QUAD4           18    2        1    6.674154E+03  UB   1.000000E+04   I
   QUAD4           21    2        1    9.908835E+03  UB   1.000000E+04   A
   QUAD4           22    2        1    8.339398E+03  UB   1.000000E+04   I
   QUAD4           23    2        1    7.221793E+03  UB   1.000000E+04   I
   QUAD4           26    2        1    9.510924E+03  UB   1.000000E+04   A
   QUAD4           27    2        1    8.935734E+03  UB   1.000000E+04   I
   QUAD4           28    2        1    8.005514E+03  UB   1.000000E+04   I
   QUAD4           29    2        1    7.101295E+03  UB   1.000000E+04   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   82
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 4.113E-03 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   83
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     4.1132E+00         0.0%
   1     3.8690E+00         0.0%
   2     3.7123E+00         0.0%
   3     3.4430E+00         0.0%
   4     3.3632E+00         0.0%
   5     3.3163E+00         0.0%
   6     3.2865E+00         0.1%
   7     3.2752E+00         0.0%
   8     3.2711E+00         0.0%
   9     3.2705E+00         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   84
QUARTER PANEL WITH HOLE                                                 
MINIMIZE VOLUME -- EDGE PERTURBATIONS AND MESH SMOOTHING                

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
          SHAPE1        SHAPE2        SHAPE4

   0     0.0000E+00    0.0000E+00    0.0000E+00 
   1     2.0000E+01   -8.7542E+00   -1.2887E+01 
   2     3.8332E+01   -8.8135E+00    9.3350E+00 
   3     4.5628E+01   -9.5014E+00    5.0600E+00 
   4     5.1770E+01   -1.0877E+01    7.8647E+00 
   5     5.3311E+01   -1.1354E+01    7.0249E+00 
   6     5.4655E+01   -1.1609E+01    7.2386E+00 
   7     5.5080E+01   -1.1743E+01    7.0903E+00 
   8     5.5247E+01   -1.1783E+01    7.0841E+00 
   9     5.5376E+01   -1.1897E+01    6.9809E+00 

                            ***** END OF OUTPUT *****
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2.32 Design of Beam Taper to Match Eigenvector

Example ID:
D032

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DMATCH, DOPT

Special Features Used:
Uses EVECT type DRESP1 to get eigenvector components as response quantities.
Uses POINT normalization of eigenvectors.

Problem Statement:
Design the beam cross sectional dimensions such that the w-components of the first and second 
eigenvectors and the first mode frequency match the target values.

Design Problem: 
Match 11 responses; 5 property design variables.

Design Data Relationships: 

Problem Description:
The structure consists of a 5 element cantilevered beam. Eigenvalues and eigenvectors for a target 
beam with taper were obtained from a numerical experiment.  These values are used as target val-
ues for the DMATCH statement.

DVPROP3

DRESP1 DMATCH

DVAR

TARGET BEAM
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Results:

The final design matches the desired responses.  The beam design matches that of the target beam.

Note:
If weighting factors are needed use DMATCH2 instead of DMATCH. See example D061.
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2.32.1 Input Data

ID D032
CEND

ECHO = NONE
LINE = *,80

TITLE = DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR

LOADCASE 1
   LABEL = EIGENANALYSIS
   METHOD = 100
   SVECTOR = ALL
   SPC = 10

BEGIN BULK

$                              DESIGN DATA

$  NEED MODE TRACKING FOR EIGENVECTOR SENSITIVITY
PARAM,MODTRK,ALL

$   DECLARE DESIGN VARIABLES
DVAR    1       B1      20.     5.      50.
DVAR    2       B2      20.     5.      50.
DVAR    3       B3      20.     5.      50.
DVAR    4       B4      20.     5.      50.
DVAR    5       B5      20.     5.      50.

$   ASSOCIATE DESIGN VARIABLE TO PROPERTIES
DVPROP3 1       101     SQUARE
+       1
DVPROP3 2       102     SQUARE
+       2
DVPROP3 3       103     SQUARE
+       3
DVPROP3 4       104     SQUARE
+       4
DVPROP3 5       105     SQUARE
+       5

$   IDENTIFY RESPONSE QUANTITIES OF INTEREST
DRESP1  12      M1N2    EVECT   1               3       102
DRESP1  13      M1N3    EVECT   1               3       103
DRESP1  14      M1N4    EVECT   1               3       104
DRESP1  15      M1N5    EVECT   1               3       105
DRESP1  16      M1N6    EVECT   1               3       106
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DRESP1  1       M1      FREQ    1

DRESP1  22      M1N2    EVECT   2               3       102
DRESP1  23      M1N3    EVECT   2               3       103
DRESP1  24      M1N4    EVECT   2               3       104
DRESP1  25      M1N5    EVECT   2               3       105
DRESP1  26      M1N6    EVECT   2               3       106

$   SELECT OBJECTIVE
DMATCH, 12, 1,1.2620-2, 13, 1,6.3424-2, 14, 1,2.1477-1
+, 15, 1,5.2730-1, 16, 1,1.0, 22, 1,-4.4127-2
+, 23, 1,-1.7444-1, 24, 1,-3.0972-1, 25, 1,-6.6286-2
+, 26, 1,1.0, 1, 1,207.43

$    INCREASE NUMBER OF DESIGN CYCLES ALLOWED
DOPT    12

$                            ANALYSIS DATA

EIGR    100     SUB                             3       POINT
+       1       106     3               2       106     3
+       3       106     3

$------12------23------34------45------56------67------78------89------9
GRDSET                                                  246
GRID    101             0.0     0.0     0.0
GRID    102             100.0   0.0     0.0
GRID    103             200.0   0.0     0.0
GRID    104             300.0   0.0     0.0
GRID    105             400.0   0.0     0.0
GRID    106             500.0   0.0     0.0

CBAR    101     101     101     102     0.0     1.0     0.0
CBAR    102     102     102     103     0.0     1.0     0.0
CBAR    103     103     103     104     0.0     1.0     0.0
CBAR    104     104     104     105     0.0     1.0     0.0
CBAR    105     105     105     106     0.0     1.0     0.0

PBAR    101     11      400.0   1.333E4 1.333E4
PBAR    102     11      400.0   1.333E4 1.333E4
PBAR    103     11      400.0   1.333E4 1.333E4
PBAR    104     11      400.0   1.333E4 1.333E4
PBAR    105     11      400.0   1.333E4 1.333E4

MAT1    11      2.07E5          0.3     8.9E-9

SPC1    10      123456  101

ENDDATA
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2.32.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE    1
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
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PROJECT NAME: D032                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                      6
                  NUMBER OF CBAR ELEMENTS:                    5
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         5
                  NUMBER OF ELEMENT PROPERTIES:               5
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:              15

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       5
                 TOTAL NUMBER OF DESIGN VARIABLES:             5
                 NUMBER OF DIRECT RESPONSES:                  11

                              LOAD CASES SUMMARY

                 NUMBER OF FREQUENCY LOAD CASES:               1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   79
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     11 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   80
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        
EIGENANALYSIS                                                LOADCASE         1

                          E I G E N V A L U E S

       NEW                                             GENERALIZED  GENERALIZED
MODE  MODE      CYCLES      EIGENVALUE     RADIANS         MASS      STIFFNESS

    1     1  2.074307E+02  1.698658E+06  1.303326E+03  8.71462E-05  1.48032E+02
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    2     2  5.733190E+02  1.297634E+07  3.602269E+03  6.90915E-05  8.96555E+02
    3     3  1.142922E+03  5.156952E+07  7.181192E+03  7.02887E-05  3.62475E+03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   81
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        
EIGENANALYSIS                                                LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  2.074307E+02
                                 EIGENVALUE     =  1.698658E+06

 GRID ID            T1                T2                T3
                    R1                R2                R3

     101      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

     102     -1.255468E-23      0.000000E+00      1.262033E-02
              0.000000E+00     -2.385417E-04      0.000000E+00

     103     -2.979322E-23      0.000000E+00      6.342473E-02
              0.000000E+00     -7.366282E-04      0.000000E+00

     104     -5.448080E-23      0.000000E+00      2.147756E-01
              0.000000E+00     -2.119140E-03      0.000000E+00

     105     -7.631963E-23      0.000000E+00      5.273135E-01
              0.000000E+00     -3.777539E-03      0.000000E+00

     106     -8.933113E-23      0.000000E+00      1.000000E+00
              0.000000E+00     -5.055653E-03      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   82
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        
EIGENANALYSIS                                                LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  5.733190E+02
                                 EIGENVALUE     =  1.297634E+07

 GRID ID            T1                T2                T3
                    R1                R2                R3

     101      0.000000E+00      0.000000E+00      0.000000E+00
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              0.000000E+00      0.000000E+00      0.000000E+00

     102     -3.862556E-21      0.000000E+00     -4.412711E-02
              0.000000E+00      7.841690E-04      0.000000E+00

     103     -9.166145E-21      0.000000E+00     -1.744372E-01
              0.000000E+00      1.585464E-03      0.000000E+00

     104     -1.676150E-20      0.000000E+00     -3.097174E-01
              0.000000E+00      6.420873E-04      0.000000E+00

     105     -2.348041E-20      0.000000E+00     -6.628740E-02
              0.000000E+00     -5.081877E-03      0.000000E+00

     106     -2.748351E-20      0.000000E+00      1.000000E+00
              0.000000E+00     -1.275420E-02      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   83
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        
EIGENANALYSIS                                                LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.142922E+03
                                 EIGENVALUE     =  5.156952E+07

 GRID ID            T1                T2                T3
                    R1                R2                R3

     101      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

     102     -9.721282E-19      0.000000E+00      8.304076E-02
              0.000000E+00     -1.340778E-03      0.000000E+00

     103     -2.306936E-18      0.000000E+00      2.189818E-01
              0.000000E+00     -8.919062E-04      0.000000E+00

     104     -4.218533E-18      0.000000E+00     -2.490914E-02
              0.000000E+00      4.829156E-03      0.000000E+00

     105     -5.909549E-18      0.000000E+00     -4.546126E-01
              0.000000E+00      9.371267E-04      0.000000E+00

     106     -6.917049E-18      0.000000E+00      1.000000E+00
              0.000000E+00     -2.113038E-02      0.000000E+00
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   84
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     11 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  2.914874E-09

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     B1          5.000000E+00    3.999888E+01    5.000000E+01
         2     B2          5.000000E+00    3.000017E+01    5.000000E+01
         3     B3          5.000000E+00    1.999861E+01    5.000000E+01
         4     B4          5.000000E+00    1.500082E+01    5.000000E+01
         5     B5          5.000000E+00    1.000010E+01    5.000000E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   85
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 7.273E-05 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   86
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
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 CYCLE    FUNCTION        VIOLATION

   0     7.2728E+01         0.0%
   1     3.1572E+01         0.0%
   2     8.8978E+00         0.0%
   3     1.7495E+00         0.0%
   4     2.8121E-01         0.0%
   5     8.0976E-02         0.0%
   6     3.4756E-02         0.0%
   7     9.5266E-03         0.0%
   8     8.8290E-04         0.0%
   9     3.6756E-05         0.0%
  10     9.3064E-08         0.0%
  11     2.9149E-09         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:23  PAGE   87
DESIGN OF BEAM TAPER TO MATCH EIGENVECTOR                               
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
              B1            B2            B3            B4            B5

   0     2.0000E+01    2.0000E+01    2.0000E+01    2.0000E+01    2.0000E+01 
   1     2.2134E+01    1.8249E+01    1.9545E+01    1.6818E+01    1.6818E+01 
   2     2.4495E+01    1.5346E+01    2.0671E+01    1.4142E+01    1.4142E+01 
   3     2.8086E+01    1.6983E+01    1.7382E+01    1.0420E+01    1.0615E+01 
   4     2.9181E+01    1.8795E+01    1.6875E+01    9.1268E+00    6.7776E+00 
   5     3.0359E+01    2.1631E+01    1.6835E+01    1.0429E+01    7.4424E+00 
   6     3.2760E+01    2.4155E+01    1.7097E+01    1.1768E+01    8.0975E+00 
   7     3.6082E+01    2.7045E+01    1.8339E+01    1.3278E+01    8.9321E+00 
   8     3.9341E+01    2.9512E+01    1.9949E+01    1.4559E+01    9.7870E+00 
   9     4.0051E+01    3.0041E+01    2.0028E+01    1.5003E+01    1.0009E+01 
  10     4.0012E+01    3.0009E+01    2.0005E+01    1.5006E+01    1.0003E+01 
  11     3.9999E+01    3.0000E+01    1.9999E+01    1.5001E+01    1.0000E+01 

                            ***** END OF OUTPUT *****
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2.33 Shape Design of a Bracket with a Triangular Hole

Example ID:
D033

Design Data Used:
DVAR, DOMAIN, DVGRID, DVGRIDC, DRESP1, DCONS

Special Features Used:
Uses DOMAIN + DVGRIDC to automatically generate DVGRID DATA

Problem Statement:
Minimize the mass of a bracket with a triangular hole subject to an edge      pressure of 50 N/mm 
applied at the top surface and a stress limit of 300 MPa.  Young’s modulus is 200,000 MPa, Pois-
son’s ratio is 0.3 and the mass density is 0.00785 g/mm3

Design problem:
Mininize mass; 3 shape design variables; 1 stress constraint

Design Data Relationships: 

DVGRIDC

DRESP1

DVGRID

DVAR

DVAR

DOBJ, DCONS
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Problem Description:
This optimization is done using basis vectors. The first design variable controls the size of the 
hole. The second and third design variables controls the displacement of the hole along y-axis and 
x-axis.
Five domains are used and DVGRIDC basis are applied to DOMAIN corner of the inner TRIA3 
DOMAIN. This automatically generates corresponding DVGRID DATA for every grid of the five 
domains.

Fixed

10

20
30

40

Boundary and Loading Conditions Five DOMAINS are Specified 

Two Basis Vectors
Generated with DVGRIDCs 

Basis Vectors Generated
with DVGRID Data 

1
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Results:
The mass of the bracket is reduced from 837g to 522g.

Initial Shape

Optimized Shape
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2.33.1 Input Data

ID D033
POST = PUNCH
DIAG = 192,903
CEND
TITLE=BRACKET
ECHO = NONE
LINE = *,80
PERTURBATION = POST
$ NODE SET
SET    1 =     372,     373,     385,     392,     399,     406,     413,
               420,     427,     428,     434,     435,     441,     442,
               448,     455,     462,     469,     476,     483,     490,
               497,     503,     509,     515,     521,     527,     533,
               539,     545,     551,     557,     563,     569,     575,
               581,     587,     593,     599,     825,     826,     827
$ NODE SET
SET   10 =      77,     374,     375,     376,     377,     378,     379,
               380,     381,     382,     383,     384,     386,     387,
               388,     389,     390,     391,     393,     394,     395,
               396,     397,     398,     400,     401,     402,     403,
               404,     405,     407,     408,     409,     410,     411,
               412,     414,     415,     416,     417,     418,     419,
               421,     422,     423,     424,     429,     430,     436,
               594,     600,     601,     602,     825,     827
$ NODE SET
SET   20 =      13,      14,      21,      28,      35,      42,      49,
                77,      84,      91,      98,     185,     192,     241,
               248,     255,     343,     350,     357,     507,     508,
               511,     512,     513,     514,     516,     517,     518,
               519,     520,     522,     523,     524,     525,     526,
               528,     529,     530,     531,     532,     534,     535,
               536,     537,     538,     540,     541,     542,     543,
               544,     546,     547,     548,     549,     550,     552,
               553,     554,     555,     556,     558,     559,     560,
               561,     562,     564,     565,     566,     567,     568,
               570,     571,     572,     573,     574,     576,     577,
               578,     579,     580,     582,     583,     584,     585,
               586,     588,     589,     590,     591,     592,     595,
               596,     597,     598,     602,     603,     604,     825,
               826
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$ NODE SET
SET   30 =     357,     443,     444,     449,     450,     451,     452,
               456,     457,     458,     459,     460,     461,     463,
               464,     465,     466,     467,     468,     470,     471,
               472,     473,     474,     475,     477,     478,     479,
               480,     481,     482,     484,     485,     486,     487,
               488,     489,     491,     492,     493,     494,     495,
               496,     498,     499,     500,     501,     502,     504,
               505,     506,     510,     826,     827
$ NODE SET
SET   40 =     419,     425,     426,     431,     432,     433,     437,
               438,     439,     440,     445,     446,     447,     453,
               454,     461,     827
LOADCASE        1
   LABEL=
   SPC  =       1
   LOAD =       1
   STRESS = POST
BEGIN BULK
$  --- DESIGN DATA ---
DOPT
+          BASIS       1
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1VAR001       .0      .0 1.000000
DVAR           2VAR002       .0    -1.0 1.000000
DVAR           3VAR003       .0    -1.0 1.000000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DOMAIN         1
+       TRIA3        825     826     827
+       GSET           1
DOMAIN        10
+       QUAD4        825     827     419      77
+       GSET          10
DOMAIN        20
+       QUAD4        825     826     357      77
+       GSET          20
DOMAIN        30
+       QUAD4        826     357     461     827
+       GSET          30
DOMAIN        40
+       TRIA3        827     419     461
+       GSET          40
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$
DVGRIDC        2     825                   49.0  -9.0000     .0
DVGRIDC        2     826                   49.0 -47.0000     .0
DVGRIDC        2     827                  125.0  -9.0000     .0
DVGRIDC        3     825                34.00000  -24.0      .0
DVGRIDC        3     826                34.0000   -62.0      .0
DVGRIDC        3     827                110.0000  -24.0      .0
$
DVGRID         1     372                  45.000 -10.000    .000
DVGRID         1     373                  60.880 -10.000    .000
DVGRID         1     374                  59.067  -8.333    .000
DVGRID         1     375                  41.667  -8.333    .000
DVGRID         1     376                  57.253  -6.667    .000
DVGRID         1     377                  38.333  -6.667    .000
DVGRID         1     378                  55.440  -5.000    .000
DVGRID         1     379                  35.000  -5.000    .000
DVGRID         1     380                  53.627  -3.333    .000
DVGRID         1     381                  31.667  -3.333    .000
DVGRID         1     382                  51.813  -1.667    .000
DVGRID         1     383                  28.333  -1.667    .000
DVGRID         1     384                  50.000    .000    .000
DVGRID         1     385                  76.760 -10.000    .000
DVGRID         1     386                  76.466  -8.333    .000
DVGRID         1     387                  76.173  -6.667    .000
DVGRID         1     388                  75.880  -5.000    .000
DVGRID         1     389                  75.587  -3.333    .000
DVGRID         1     390                  75.293  -1.667    .000
DVGRID         1     391                  75.000    .000    .000
DVGRID         1     392                  92.640 -10.000    .000
DVGRID         1     393                  93.866  -8.333    .000
DVGRID         1     394                  95.093  -6.667    .000
DVGRID         1     395                  96.320  -5.000    .000
DVGRID         1     396                  97.547  -3.333    .000
DVGRID         1     397                  98.773  -1.667    .000
DVGRID         1     398                 100.000    .000    .000
DVGRID         1     399                 108.519 -10.000    .000
DVGRID         1     400                 111.266  -8.333    .000
DVGRID         1     401                 114.013  -6.667    .000
DVGRID         1     402                 116.760  -5.000    .000
DVGRID         1     403                 119.506  -3.333    .000
DVGRID         1     404                 122.253  -1.667    .000
DVGRID         1     405                 125.000    .000    .000
DVGRID         1     406                 124.399 -10.000    .000
DVGRID         1     407                 128.666  -8.333    .000
DVGRID         1     408                 132.933  -6.667    .000
DVGRID         1     409                 137.200  -5.000    .000
DVGRID         1     410                 141.466  -3.333    .000
DVGRID         1     411                 145.733  -1.667    .000
DVGRID         1     412                 150.000    .000    .000
DVGRID         1     413                 140.279 -10.000    .000
DVGRID         1     414                 146.066  -8.333    .000
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DVGRID         1     415                 151.853  -6.667    .000
DVGRID         1     416                 157.639  -5.000    .000
DVGRID         1     417                 163.426  -3.333    .000
DVGRID         1     418                 169.213  -1.667    .000
DVGRID         1     419                 175.000    .000    .000
DVGRID         1     420                 144.582 -11.008    .000
DVGRID         1     421                 149.652  -9.868    .000
DVGRID         1     422                 154.722  -8.728    .000
DVGRID         1     423                 159.791  -7.587    .000
DVGRID         1     424                 164.861  -6.447    .000
DVGRID         1     425                 169.930  -5.307    .000
DVGRID         1     426                 175.000  -4.167    .000
DVGRID         1     427                 148.041 -13.746    .000
DVGRID         1     428                 152.535 -12.844    .000
DVGRID         1     429                 157.028 -11.942    .000
DVGRID         1     430                 161.521 -11.039    .000
DVGRID         1     431                 166.014 -10.137    .000
DVGRID         1     432                 170.507  -9.235    .000
DVGRID         1     433                 175.000  -8.333    .000
DVGRID         1     434                 150.011 -17.702    .000
DVGRID         1     435                 154.176 -16.835    .000
DVGRID         1     436                 158.341 -15.968    .000
DVGRID         1     437                 162.506 -15.101    .000
DVGRID         1     438                 166.670 -14.234    .000
DVGRID         1     439                 170.835 -13.367    .000
DVGRID         1     440                 175.000 -12.500    .000
DVGRID         1     441                 150.019 -22.122    .000
DVGRID         1     442                 154.182 -21.213    .000
DVGRID         1     443                 158.346 -20.304    .000
DVGRID         1     444                 162.509 -19.395    .000
DVGRID         1     445                 166.673 -18.485    .000
DVGRID         1     446                 170.837 -17.576    .000
DVGRID         1     447                 175.000 -16.667    .000
DVGRID         1     448                 148.149 -26.118    .000
DVGRID         1     449                 152.624 -25.237    .000
DVGRID         1     450                 157.100 -24.356    .000
DVGRID         1     451                 161.575 -23.476    .000
DVGRID         1     452                 166.050 -22.595    .000
DVGRID         1     453                 170.525 -21.714    .000
DVGRID         1     454                 175.000 -20.833    .000
DVGRID         1     455                 144.751 -28.944    .000
DVGRID         1     456                 149.793 -28.287    .000
DVGRID         1     457                 154.834 -27.629    .000
DVGRID         1     458                 159.876 -26.972    .000
DVGRID         1     459                 164.917 -26.315    .000
DVGRID         1     460                 169.959 -25.657    .000
DVGRID         1     461                 175.000 -25.000    .000
DVGRID         1     462                 128.871 -36.884    .000
DVGRID         1     463                 132.393 -36.987    .000
DVGRID         1     464                 135.914 -37.089    .000
DVGRID         1     465                 139.436 -37.192    .000
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DVGRID         1     466                 142.957 -37.295    .000
DVGRID         1     467                 146.478 -37.397    .000
DVGRID         1     468                 150.000 -37.500    .000
DVGRID         1     469                 112.991 -44.824    .000
DVGRID         1     470                 114.993 -45.687    .000
DVGRID         1     471                 116.994 -46.549    .000
DVGRID         1     472                 118.996 -47.412    .000
DVGRID         1     473                 120.997 -48.275    .000
DVGRID         1     474                 122.999 -49.137    .000
DVGRID         1     475                 125.000 -50.000    .000
DVGRID         1     476                  97.111 -52.764    .000
DVGRID         1     477                  97.593 -54.387    .000
DVGRID         1     478                  98.074 -56.009    .000
DVGRID         1     479                  98.556 -57.632    .000
DVGRID         1     480                  99.037 -59.255    .000
DVGRID         1     481                  99.519 -60.877    .000
DVGRID         1     482                 100.000 -62.500    .000
DVGRID         1     483                  81.232 -60.704    .000
DVGRID         1     484                  80.193 -63.087    .000
DVGRID         1     485                  79.154 -65.469    .000
DVGRID         1     486                  78.116 -67.852    .000
DVGRID         1     487                  77.077 -70.235    .000
DVGRID         1     488                  76.039 -72.617    .000
DVGRID         1     489                  75.000 -75.000    .000
DVGRID         1     490                  65.352 -68.644    .000
DVGRID         1     491                  62.793 -71.787    .000
DVGRID         1     492                  60.235 -74.929    .000
DVGRID         1     493                  57.676 -78.072    .000
DVGRID         1     494                  55.117 -81.215    .000
DVGRID         1     495                  52.559 -84.357    .000
DVGRID         1     496                  50.000 -87.500    .000
DVGRID         1     497                  49.472 -76.584    .000
DVGRID         1     498                  45.393 -80.487    .000
DVGRID         1     499                  41.315 -84.389    .000
DVGRID         1     500                  37.236 -88.292    .000
DVGRID         1     501                  33.157 -92.195    .000
DVGRID         1     502                  29.079 -96.097    .000
DVGRID         1     503                  46.242 -77.562    .000
DVGRID         1     504                  42.702 -80.607    .000
DVGRID         1     505                  39.162 -83.652    .000
DVGRID         1     506                  35.621 -86.698    .000
DVGRID         1     507                  32.081 -89.743    .000
DVGRID         1     508                  28.540 -92.788    .000
DVGRID         1     509                  42.871 -77.410    .000
DVGRID         1     510                  39.893 -79.786    .000
DVGRID         1     511                  36.914 -82.162    .000
DVGRID         1     512                  33.936 -84.538    .000
DVGRID         1     513                  30.957 -86.914    .000
DVGRID         1     514                  27.979 -89.291    .000
DVGRID         1     515                  39.743 -76.146    .000
DVGRID         1     516                  37.285 -78.038    .000
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DVGRID         1     517                  34.828 -79.930    .000
DVGRID         1     518                  32.371 -81.823    .000
DVGRID         1     519                  29.914 -83.715    .000
DVGRID         1     520                  27.457 -85.608    .000
DVGRID         1     521                  37.213 -73.913    .000
DVGRID         1     522                  35.177 -75.483    .000
DVGRID         1     523                  33.142 -77.053    .000
DVGRID         1     524                  31.106 -78.623    .000
DVGRID         1     525                  29.071 -80.193    .000
DVGRID         1     526                  27.035 -81.763    .000
DVGRID         1     527                  35.569 -70.965    .000
DVGRID         1     528                  33.808 -72.332    .000
DVGRID         1     529                  32.046 -73.699    .000
DVGRID         1     530                  30.285 -75.066    .000
DVGRID         1     531                  28.523 -76.433    .000
DVGRID         1     532                  26.762 -77.800    .000
DVGRID         1     533                  35.000 -67.639    .000
DVGRID         1     534                  33.333 -68.866    .000
DVGRID         1     535                  31.667 -70.093    .000
DVGRID         1     536                  30.000 -71.320    .000
DVGRID         1     537                  28.333 -72.546    .000
DVGRID         1     538                  26.667 -73.773    .000
DVGRID         1     539                  35.000 -59.699    .000
DVGRID         1     540                  33.333 -60.860    .000
DVGRID         1     541                  31.667 -62.022    .000
DVGRID         1     542                  30.000 -63.183    .000
DVGRID         1     543                  28.333 -64.344    .000
DVGRID         1     544                  26.667 -65.505    .000
DVGRID         1     545                  35.000 -51.759    .000
DVGRID         1     546                  33.333 -52.855    .000
DVGRID         1     547                  31.667 -53.951    .000
DVGRID         1     548                  30.000 -55.046    .000
DVGRID         1     549                  28.333 -56.142    .000
DVGRID         1     550                  26.667 -57.238    .000
DVGRID         1     551                  35.000 -43.820    .000
DVGRID         1     552                  33.333 -44.850    .000
DVGRID         1     554                  30.000 -46.910    .000
DVGRID         1     553                  31.667 -45.880    .000
DVGRID         1     555                  28.333 -47.940    .000
DVGRID         1     556                  26.667 -48.970    .000
DVGRID         1     557                  35.000 -35.880    .000
DVGRID         1     558                  33.333 -36.844    .000
DVGRID         1     559                  31.667 -37.809    .000
DVGRID         1     560                  30.000 -38.773    .000
DVGRID         1     561                  28.333 -39.738    .000
DVGRID         1     562                  26.667 -40.702    .000
DVGRID         1     563                  35.000 -27.940    .000
DVGRID         1     564                  33.333 -28.839    .000
DVGRID         1     565                  31.667 -29.738    .000
DVGRID         1     566                  30.000 -30.637    .000
DVGRID         1     567                  28.333 -31.536    .000
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DVGRID         1     568                  26.667 -32.434    .000
DVGRID         1     569                  35.000 -20.000    .000
DVGRID         1     570                  33.333 -20.833    .000
DVGRID         1     571                  31.667 -21.667    .000
DVGRID         1     572                  30.000 -22.500    .000
DVGRID         1     573                  28.333 -23.333    .000
DVGRID         1     574                  26.667 -24.167    .000
DVGRID         1     575                  35.383 -17.424    .000
DVGRID         1     576                  33.653 -17.993    .000
DVGRID         1     577                  31.922 -18.561    .000
DVGRID         1     578                  30.192 -19.129    .000
DVGRID         1     579                  28.461 -19.697    .000
DVGRID         1     580                  26.731 -20.265    .000
DVGRID         1     581                  36.348 -15.006    .000
DVGRID         1     582                  34.457 -15.283    .000
DVGRID         1     583                  32.566 -15.560    .000
DVGRID         1     584                  30.674 -15.836    .000
DVGRID         1     585                  28.783 -16.113    .000
DVGRID         1     586                  26.891 -16.390    .000
DVGRID         1     587                  37.964 -12.964    .000
DVGRID         1     588                  35.803 -12.887    .000
DVGRID         1     589                  33.643 -12.809    .000
DVGRID         1     590                  31.482 -12.732    .000
DVGRID         1     591                  29.321 -12.655    .000
DVGRID         1     592                  27.161 -12.577    .000
DVGRID         1     593                  40.006 -11.348    .000
DVGRID         1     594                  37.505 -10.846    .000
DVGRID         1     595                  35.004 -10.343    .000
DVGRID         1     596                  32.503  -9.841    .000
DVGRID         1     597                  30.002  -9.338    .000
DVGRID         1     598                  27.501  -8.836    .000
DVGRID         1     599                  42.424 -10.383    .000
DVGRID         1     600                  39.520  -9.347    .000
DVGRID         1     601                  36.616  -8.311    .000
DVGRID         1     602                  33.712  -7.275    .000
DVGRID         1     603                  30.808  -6.239    .000
DVGRID         1     604                  27.904  -5.203    .000
$
$   RESPONSES
$
DRESP1         1OBJ     MASS
DRESP1         2S       STRESS  PROP                   2      14
$
$   CONSTRAINTS
$
DCONS          2        -.10E+31 .30E+03
$
$   OBJECTIVE FUNCTION
$
DOBJ           1               1
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$
$  --- ANALYSIS DATA ---
PARAM,MSMOOTH ,ON
$
INCLUDE = D033.blk
$
ENDDATA

File D033.BLK is quite large and is included on the distribution media.
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2.33.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

    WARNING MESSAGE FROM SUBROUTINE “GN14CK”
    WARNING CODE = 149054
    DOMAIN SHAPE CHARACTERISTICS WERE NOT VERIFIED BECAUSE
    EITHER PARAM,SHAPECK,0 OR DIAG=192 IS USED IN THE INPUT DATA.
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    IT IS STRONGLY RECOMMENDED NOT TO USE PARAM,SHAPECK,0
    OR DIAG=192.

    INFORMATION MESSAGE:
    TO PRINT THE DOMAINS’ SHAPE CHARACTERISTICS
    USE SHAPECK=5. THIS MAY ASSIST IN CHECKING
    THE MODEL. 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
BRACKET                                                                 
                                                                        

===== START MESH SMOOTHING FOR PID =      14
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &     24 UNDESIRABLE FEATURES IN     24 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      2 ERRORS &     34 UNDESIRABLE FEATURES IN     29 ELEMENTS
===== CONTINUE TO IMPROVE MESH QUALITY
===== CONTINUE TO IMPROVE MESH QUALITY
=====      3 ERRORS &     20 UNDESIRABLE FEATURES IN     21 ELEMENTS
===== END MESH SMOOTHING FOR PID =      14
===== UNABLE TO IMPROVE FE MESH - NO CHANGE

    WARNING MESSAGE FROM SUBROUTINE “GN1900”.
    WARNING CODE = 190341
    THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
    BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
    THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
    PARAM,SHAPECK,0 (OR DIAG=192).

 
     TO PRINT THE ELEMENTS’ SHAPE CHARACTERISTICS
     USE PARAM VALUE SHAPECK=5. 
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
BRACKET                                                                 
                                                                        

PROJECT NAME: D033                
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                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    607
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:        540
                  TOTAL NUMBER OF NON RIGID ELEMENTS:       540
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:            3336

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF SHAPE DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                 541
                 NUMBER OF CONSTRAINTS:                     1080

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   43
BRACKET                                                                 
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      9 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   44
BRACKET                                                                 
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  2.971053E-12 ; STRAIN ENERGY :  9.522725E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   45
BRACKET                                                                 
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              ********************************************
              *  D E S I G N  C Y C L E      9 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  5.220542E+02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     VAR001      0.000000E+00    1.000000E+00    1.000000E+00
         2     VAR002     -1.000000E+00   -2.555556E-01    1.000000E+00
         3     VAR003     -1.000000E+00    2.555556E-01    1.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   46
BRACKET                                                                 
                                                                        

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4           37    2        1    1.779888E+02  UB   3.000000E+02   I
   QUAD4           43    2        1    1.899082E+02  UB   3.000000E+02   I
   QUAD4           49    2        1    1.807784E+02  UB   3.000000E+02   I
   QUAD4          546    2        1    2.202776E+02  UB   3.000000E+02   I
   QUAD4          559    2        1    1.872054E+02  UB   3.000000E+02   I
   QUAD4          565    2        1    2.141983E+02  UB   3.000000E+02   I
   QUAD4          571    2        1    2.439706E+02  UB   3.000000E+02   I
   QUAD4          577    2        1    2.032099E+02  UB   3.000000E+02   I
   QUAD4          607    2        1    1.963585E+02  UB   3.000000E+02   I
   QUAD4          613    2        1    2.698328E+02  UB   3.000000E+02   I
   QUAD4          619    2        1    1.741948E+02  UB   3.000000E+02   I
   QUAD4          636    2        1    1.989191E+02  UB   3.000000E+02   I
   QUAD4          642    2        1    2.276740E+02  UB   3.000000E+02   I
   QUAD4          727    2        1    2.259816E+02  UB   3.000000E+02   I
   QUAD4          733    2        1    2.805121E+02  UB   3.000000E+02   A
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   QUAD4          734    2        1    1.761375E+02  UB   3.000000E+02   I
   QUAD4          739    2        1    2.983381E+02  UB   3.000000E+02   A
   QUAD4          745    2        1    2.690474E+02  UB   3.000000E+02   I
   QUAD4          751    2        1    1.973776E+02  UB   3.000000E+02   I
   QUAD4          756    2        1    1.708743E+02  UB   3.000000E+02   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   47
BRACKET                                                                 
                                                                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   48
BRACKET                                                                 
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     8.3707E+02         0.0%
   1     8.1604E+02         0.0%
   2     7.9268E+02         0.0%
   3     7.5791E+02         0.0%
   4     6.6585E+02         0.0%
   5     5.2205E+02        17.6%
   6     5.3741E+02         1.8%
   7     5.3598E+02         0.0%
   8     5.3050E+02         0.0%
   9     5.2205E+02         0.0%
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   49
BRACKET                                                                 
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               1             2             3
          VAR001        VAR002        VAR003

   0     0.0000E+00*   0.0000E+00    0.0000E+00 
   1     1.0000E-01    2.4709E-12    3.7915E-13 
   2     2.0000E-01    2.3073E-12    5.6984E-13 
   3     3.3333E-01    2.3073E-12    4.3090E-13 
   4     6.2963E-01    2.0221E-12    1.1065E-13 
   5     1.0000E+00*   2.0221E-12    3.0912E-13 
   6     9.6405E-01   -5.0000E-02    5.0000E-02 
   7     9.6743E-01   -1.0000E-01    1.0000E-01 
   8     9.8032E-01   -1.6667E-01    1.6667E-01 
   9     1.0000E+00*  -2.5556E-01    2.5556E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
***** THERE WERE       21 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.34 Shape Design of a Cantilevered C Beam using Geometric 
Perturbation Vectors

Example ID:
D034

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DCONS

Special Feature Used:
Uses multiple DOMAINs + DVGRIDC to automatically generate DVGRID DATA

Problem Statement:
Minimize the mass of a cantilivered C beam subject to gravity. Young’s modulus is 1E7, Poisson’s 
ratio is 0.33 and the mass density is 0.1

Design problem:
Mininize mass; 4 shape design variables; 1 stress constraint

Design Data Relationships: 

DVGRIDC

DRESP1

DVAR

DOBJ, DCONS
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Problem Description:
This optimization is done using perturbation vectors. The four design variables control the height 
of the cantilivered plate along the x-axis.
Four domains are used and DVGRIDC perturbations are applied to the corners of each DOMAIN. 
This automatically generates corresponding DVGRID DATA for every grid of the four domains.

10 20 30

Gravity
Direction

Boundary and Loading Conditions

1 2 3 4

DVGRIDC Data
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Results:
The four perturbation vectors were successfully created.

The mass of the C beam is reduced from 0.180 to 0.112 and the maximum initial constraintt viola-
tion of 7.5% was overcome.

Perturbation Vector 1

Perturbation Vector 4

Perturbation Vector 2

Perturbation Vector 3

Optimum Shape
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2.34.1 Input Data

ID D034
POST = PUNCH
CEND
TITLE= SHAPE DESIGN OF A CANTILIVERED C BEAM USING GEOMETRIC PERTURBATION 
VECTORS
ECHO = NONE
LINE = *,80
LOADCASE 1
     SPC = 100
     GRAV = 1
     STRESS = POST
     BASIS = POST
$ NODE SET
SET   10 =       1,       2,       3,       8,       9,      10,      15,
                16,      17,      22,      23,      24,      29,      30,
                31,      50,      51,      52,      57,      58,      59
$ NODE SET
SET   20 =       3,       4,       5,      10,      11,      12,      17,
                18,      19,      24,      25,      26,      31,      32,
                33,      52,      53,      54,      59,      60,      61
$ NODE SET
SET   30 =       5,       6,       7,      12,      13,      14,      19,
                20,      21,      26,      27,      28,      33,      34,
                35,      54,      55,      56,      61,      62,      63
BEGIN BULK
$  --- DESIGN DATA ---
DOPT
+          BASIS       0
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1VAR001       .0 -2.000005.00000
DVAR           2VAR002       .0 -2.000005.00000
DVAR           3VAR003       .0 -2.000005.00000
DVAR           4VAR004       .0 -2.000005.00000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DOMAIN        10
+       HEXA          15      17       3       1      57      59      24      22
+       GSET          10
DOMAIN        20
+       HEXA          17      19       5       3      59      61      26      24
+       GSET          20
DOMAIN        30
+       HEXA          19      21       7       5      61      63      28      26
+       GSET          30
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$
DVGRIDC        1       1                     .0      .0 0.200000
DVGRIDC        1      15                     .0      .0 -0.20000
DVGRIDC        1      22                     .0      .0 0.200000
DVGRIDC        1      57                     .0      .0 -0.20000
DVGRIDC        2       3                     .0      .0 0.200000
DVGRIDC        2      17                     .0      .0 -0.20000
DVGRIDC        2      24                     .0      .0 0.200000
DVGRIDC        2      59                     .0      .0 -0.20000
DVGRIDC        3       5                     .0      .0 0.200000
DVGRIDC        3      26                     .0      .0 0.200000
DVGRIDC        3      19                     .0      .0 -0.20000
DVGRIDC        3      61                     .0      .0 -0.20000
DVGRIDC        4       7                     .0      .0 0.200000
DVGRIDC        4      28                     .0      .0 0.200000
DVGRIDC        4      21                     .0      .0 -0.20000
DVGRIDC        4      63                     .0      .0 -0.20000
$
$   DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
DRESP1         1OBJ     MASS
DRESP1         2SIGVM   STRESS  PROP                   2       2
$
$   CONSTRAINTS
$
DCONS          2        -.10E+31 .20E+04
$
$   OBJECTIVE FUNCTION
$
DOBJ           1
$
$  --- ANALYSIS DATA ---
$
$   PROPERTY AND ELEMENTS DEFINISIONS
$
PSHELL         2       1.1000000       1                                          GEOM
CQUAD4         1       2       1       8       9       2
CQUAD4         2       2       2       9      10       3
CQUAD4         3       2       3      10      11       4
CQUAD4         4       2       4      11      12       5
CQUAD4         5       2       5      12      13       6
CQUAD4         6       2       6      13      14       7
CQUAD4         7       2       8      15      16       9
CQUAD4         8       2       9      16      17      10
CQUAD4         9       2      10      17      18      11
CQUAD4        10       2      11      18      19      12
CQUAD4        11       2      12      19      20      13
CQUAD4        12       2      13      20      21      14
CQUAD4        13       2      22      29      30      23
CQUAD4        14       2      23      30      31      24
CQUAD4        15       2      24      31      32      25
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CQUAD4        16       2      25      32      33      26
CQUAD4        17       2      26      33      34      27
CQUAD4        18       2      27      34      35      28
CQUAD4        19       2      29       1       2      30
CQUAD4        20       2      30       2       3      31
CQUAD4        21       2      31       3       4      32
CQUAD4        22       2      32       4       5      33
CQUAD4        23       2      33       5       6      34
CQUAD4        24       2      34       6       7      35
CQUAD4        25       2      22      50      51      23
CQUAD4        26       2      23      51      52      24
CQUAD4        27       2      24      52      53      25
CQUAD4        28       2      25      53      54      26
CQUAD4        29       2      26      54      55      27
CQUAD4        30       2      27      55      56      28
CQUAD4        31       2      50      57      58      51
CQUAD4        32       2      51      58      59      52
CQUAD4        33       2      52      59      60      53
CQUAD4        34       2      53      60      61      54
CQUAD4        35       2      54      61      62      55
CQUAD4        36       2      55      62      63      56
$
$   MATERIAL DATA
$
MAT1           11.00E+07        .330E+000.10E+00.000E+00.000E+00.000E+00M1
$
$   GRID DATA
$
GRID           1            .000    .000    .000
GRID           2           1.000    .000    .000
GRID           3           2.000    .000    .000
GRID           4           3.000    .000    .000
GRID           5           4.000    .000    .000
GRID           6           5.000    .000    .000
GRID           7           6.000    .000    .000
GRID           8            .000    .000   -.500
GRID           9           1.000    .000   -.500
GRID          10           2.000    .000   -.500
GRID          11           3.000    .000   -.500
GRID          12           4.000    .000   -.500
GRID          13           5.000    .000   -.500
GRID          14           6.000    .000   -.500
GRID          15            .000    .000  -1.000
GRID          16           1.000    .000  -1.000
GRID          17           2.000    .000  -1.000
GRID          18           3.000    .000  -1.000
GRID          19           4.000    .000  -1.000
GRID          20           5.000    .000  -1.000
GRID          21           6.000    .000  -1.000
GRID          22            .000   1.000    .000
GRID          23           1.000   1.000    .000
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GRID          24           2.000   1.000    .000
GRID          25           3.000   1.000    .000
GRID          26           4.000   1.000    .000
GRID          27           5.000   1.000    .000
GRID          28           6.000   1.000    .000
GRID          29            .000    .500    .000
GRID          30           1.000    .500    .000
GRID          31           2.000    .500    .000
GRID          32           3.000    .500    .000
GRID          33           4.000    .500    .000
GRID          34           5.000    .500    .000
GRID          35           6.000    .500    .000
GRID          50            .000   1.000   -.500
GRID          51           1.000   1.000   -.500
GRID          52           2.000   1.000   -.500
GRID          53           3.000   1.000   -.500
GRID          54           4.000   1.000   -.500
GRID          55           5.000   1.000   -.500
GRID          56           6.000   1.000   -.500
GRID          57            .000   1.000  -1.000
GRID          58           1.000   1.000  -1.000
GRID          59           2.000   1.000  -1.000
GRID          60           3.000   1.000  -1.000
GRID          61           4.000   1.000  -1.000
GRID          62           5.000   1.000  -1.000
GRID          63           6.000   1.000  -1.000
$
$   BOUNDARY AND LOAD CONDITIONS
$
SPC          100       1  123456     0.0
SPC          100       8  123456     0.0
SPC          100      15  123456     0.0
SPC          100      22  123456     0.0
SPC          100      29  123456     0.0
SPC          100      50  123456     0.0
SPC          100      57  123456     0.0
GRAV           1           386.2     0.0     0.0    -1.0
ENDDATA
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2.34.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
SHAPE DESIGN OF A CANTILIVERED C BEAM USING GEOMETRIC PERTURBATION VECTO
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PROJECT NAME: D034                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     49
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         36
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        36
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             252

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       4
                 TOTAL NUMBER OF DESIGN VARIABLES:             4
                 NUMBER OF SHAPE DESIGN VARIABLES:             4
                 NUMBER OF DIRECT RESPONSES:                  37
                 NUMBER OF CONSTRAINTS:                       72

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   14
SHAPE DESIGN OF A CANTILIVERED C BEAM USING GEOMETRIC PERTURBATION VECTO
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      3 (ANALYSIS)*
              ********************************************
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                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  2.253297E-13 ; STRAIN ENERGY :  7.773847E-02
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SHAPE DESIGN OF A CANTILIVERED C BEAM USING GEOMETRIC PERTURBATION VECTO
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      3 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.681048E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     VAR001     -2.000000E+00    5.177646E-02    5.000000E+00
         2     VAR002     -2.000000E+00   -2.700234E-01    5.000000E+00
         3     VAR003     -2.000000E+00   -3.333233E-01    5.000000E+00
         4     VAR004     -2.000000E+00   -3.333333E-01    5.000000E+00
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            7    2        1    1.981050E+03  UB   2.000000E+03   A
   QUAD4            8    2        1    1.638166E+03  UB   2.000000E+03   I
   QUAD4            9    2        1    1.069712E+03  UB   2.000000E+03   I
   QUAD4           13    2        1    1.226469E+03  UB   2.000000E+03   I
   QUAD4           14    2        1    1.075241E+03  UB   2.000000E+03   I
   QUAD4           19    2        1    1.226469E+03  UB   2.000000E+03   I
   QUAD4           20    2        1    1.075241E+03  UB   2.000000E+03   I
   QUAD4           31    2        1    1.999257E+03  UB   2.000000E+03   A
   QUAD4           32    2        1    1.617475E+03  UB   2.000000E+03   I
   QUAD4           33    2        1    1.049114E+03  UB   2.000000E+03   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.8000E-01         7.5%
   1     1.7728E-01         0.2%
   2     1.7320E-01         0.0%
   3     1.6810E-01         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4
          VAR001        VAR002        VAR003        VAR004

   0     0.0000E+00    0.0000E+00    0.0000E+00    0.0000E+00 
   1     9.9990E-02   -7.0023E-02   -9.9990E-02   -1.0000E-01 
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   2     8.8618E-02   -1.7002E-01   -1.9999E-01   -2.0000E-01 
   3     5.1776E-02   -2.7002E-01   -3.3332E-01   -3.3333E-01 

                            ***** END OF OUTPUT *****
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2.35 Creating Natural Perturbation Vector for the Shape Design 
of a Cantilevered C Beam

Example ID:
D035 (companion data for D036)

Design Data Used: 
DVSHAPE, DOPT

Special Feature Used:
Uses DVSHAPE, SPC and SPCD to automatically generate DVAR and DVGRID DATA

Problem Statement:
Create natural perturbation vectors for the shape design of a cantilivered c beam (to be used in 
problen D036).

 Design problem:
Defined in D036.
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Problem Description:
Create natural perturbation vectors (DOPT parameter BASIS = 0). Four DVSHAPE are used to 
create four design variables and corresponding DVGRID data to design the height of the cantiliv-
ered c beam in problem D036.
SPCDs are used to enforce displacements which will give the natural perturbation vector shape. 
SPCs are used to isolate the different perturbation vectors.

10 20 30

Gravity
Direction

Boundary and Loading Conditions

1 2 3 4

Four Perturbation Vectors
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Results:
The file D035.DVS containing the DVAR and DVGRID is created successfully. D035.DVS is 
used in D036.dat using the INCLUDE bulk data statement.

Perturbation Vector 1

Perturbation Vector 4

Perturbation Vector 2

Perturbation Vector 3
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2.35.1 Input Data

ID D035
POST = PUNCH
CEND
TITLE= NATURAL PERTURBATION VECTOR FOR THE SHAPE DESIGN OF A CANTILIVERED C 
BEAM
ECHO = NONE
LINE = *,80
DVGRID = PRINT
LOADCASE 1
SPC = 100
LOAD = 1
DVSHAPE=10,-2.0,5.,10,0.2
DVSHAPE=40,-2.0,5.,30,0.2
$
LOADCASE 2
SPC = 200
LOAD = 2
DVSHAPE=20,-2.,5.,2010,0.2
$
LOADCASE 3
SPC = 300
LOAD = 3
DVSHAPE=30,-2.,5.,2030,0.2
$
BASIS = POST
$ NODE SET
SET   10 =       1,       2,       3,       8,       9,      10,      15,
                16,      17,      22,      23,      24,      29,      30,
                31,      50,      51,      52,      57,      58,      59
$
$ NODE SET
SET   30 =       5,       6,       7,      12,      13,      14,      19,
                20,      21,      26,      27,      28,      33,      34,
                35,      54,      55,      56,      61,      62,      63
$
$ NODE SET
SET   2010 =     1,       2,       8,       9,      15,      16,      22,
                23,      29,      30,      50,      51,      52,      57,
                 3,       4,       5,      10,      11,      12,      17,
                18,      19,      24,      25,      26,      31,      32,
                33,      53,      54,      58,      59,      60,      61
$
$ NODE SET
SET   2030 =     3,       4,      10,      11,      17,      18,      24,
                25,      31,      32,      52,      53,      59,      60,
                 5,       6,       7,      12,      13,      14,      19,
                20,      21,      26,      27,      28,      33,      34,
                35,      54,      55,      56,      61,      62,      63
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BEGIN BULK
DOPT
+       BASIS    0
$  --- DESIGN DATA ---
$
$
$
$  --- ANALYSIS DATA ---
$
$   ELEMENT AND PROPERTY DEFINISIONS
$
PSHELL         2       1.1000000       1               1                P2
CQUAD4         1       2       1       8       9       2
CQUAD4         2       2       2       9      10       3
CQUAD4         3       2       3      10      11       4
CQUAD4         4       2       4      11      12       5
CQUAD4         5       2       5      12      13       6
CQUAD4         6       2       6      13      14       7
CQUAD4         7       2       8      15      16       9
CQUAD4         8       2       9      16      17      10
CQUAD4         9       2      10      17      18      11
CQUAD4        10       2      11      18      19      12
CQUAD4        11       2      12      19      20      13
CQUAD4        12       2      13      20      21      14
CQUAD4        13       2      22      29      30      23
CQUAD4        14       2      23      30      31      24
CQUAD4        15       2      24      31      32      25
CQUAD4        16       2      25      32      33      26
CQUAD4        17       2      26      33      34      27
CQUAD4        18       2      27      34      35      28
CQUAD4        19       2      29       1       2      30
CQUAD4        20       2      30       2       3      31
CQUAD4        21       2      31       3       4      32
CQUAD4        22       2      32       4       5      33
CQUAD4        23       2      33       5       6      34
CQUAD4        24       2      34       6       7      35
CQUAD4        25       2      22      50      51      23
CQUAD4        26       2      23      51      52      24
CQUAD4        27       2      24      52      53      25
CQUAD4        28       2      25      53      54      26
CQUAD4        29       2      26      54      55      27
CQUAD4        30       2      27      55      56      28
CQUAD4        31       2      50      57      58      51
CQUAD4        32       2      51      58      59      52
CQUAD4        33       2      52      59      60      53
CQUAD4        34       2      53      60      61      54
CQUAD4        35       2      54      61      62      55
CQUAD4        36       2      55      62      63      56
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$
$   MATERIAL DATA
$
MAT1           1.100E+08        .330E+00.100E+00.000E+00.000E+00.000E+00M1
$
$   GRID DATA
$
GRID           1           0.000   0.000   0.000
GRID           2           1.000   0.000   0.000
GRID           3           2.000   0.000   0.000
GRID           4           3.000   0.000   0.000
GRID           5           4.000   0.000   0.000
GRID           6           5.000   0.000   0.000
GRID           7           6.000   0.000   0.000
GRID           8           0.000   0.000  -0.500
GRID           9           1.000   0.000  -0.500
GRID          10           2.000   0.000  -0.500
GRID          11           3.000   0.000  -0.500
GRID          12           4.000   0.000  -0.500
GRID          13           5.000   0.000  -0.500
GRID          14           6.000   0.000  -0.500
GRID          15           0.000   0.000  -1.000
GRID          16           1.000   0.000  -1.000
GRID          17           2.000   0.000  -1.000
GRID          18           3.000   0.000  -1.000
GRID          19           4.000   0.000  -1.000
GRID          20           5.000   0.000  -1.000
GRID          21           6.000   0.000  -1.000
GRID          22           0.000   1.000   0.000
GRID          23           1.000   1.000   0.000
GRID          24           2.000   1.000   0.000
GRID          25           3.000   1.000   0.000
GRID          26           4.000   1.000   0.000
GRID          27           5.000   1.000   0.000
GRID          28           6.000   1.000   0.000
GRID          29           0.000   0.500   0.000
GRID          30           1.000   0.500   0.000
GRID          31           2.000   0.500   0.000
GRID          32           3.000   0.500   0.000
GRID          33           4.000   0.500   0.000
GRID          34           5.000   0.500   0.000
GRID          35           6.000   0.500   0.000
GRID          50           0.000   1.000  -0.500
GRID          51           1.000   1.000  -0.500
GRID          52           2.000   1.000  -0.500
GRID          53           3.000   1.000  -0.500
GRID          54           4.000   1.000  -0.500
GRID          55           5.000   1.000  -0.500
GRID          56           6.000   1.000  -0.500
GRID          57           0.000   1.000  -1.000
GRID          58           1.000   1.000  -1.000
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GRID          59           2.000   1.000  -1.000
GRID          60           3.000   1.000  -1.000
GRID          61           4.000   1.000  -1.000
GRID          62           5.000   1.000  -1.000
GRID          63           6.000   1.000  -1.000
$
$   LOAD AND BOUNDARY CONDITIONS
$
SPC          100       1  123456     0.0
SPC          100       2  123456     0.0
SPC          100       3  123456     0.0
SPC          100       5  123456     0.0
SPC          100       6  123456     0.0
SPC          100       7  123456     0.0
SPC          100       8  123456     0.0
SPC          100      10  123456     0.0
SPC          100      12  123456     0.0
SPC          100      14  123456     0.0
SPC          100      15  123456     0.0
SPC          100      16  123456     0.0
SPC          100      17  123456     0.0
SPC          100      19  123456     0.0
SPC          100      20  123456     0.0
SPC          100      21  123456     0.0
SPC          100      22  123456     0.0
SPC          100      23  123456     0.0
SPC          100      24  123456     0.0
SPC          100      26  123456     0.0
SPC          100      27  123456     0.0
SPC          100      28  123456     0.0
SPC          100      29   12456     0.0
SPC          100      31  123456     0.0
SPC          100      33  123456     0.0
SPC          100      35   12456     0.0
SPC          100      50  123456     0.0
SPC          100      52  123456     0.0
SPC          100      54  123456     0.0
SPC          100      56  123456     0.0
SPC          100      57  123456     0.0
SPC          100      58  123456     0.0
SPC          100      59  123456     0.0
SPC          100      61  123456     0.0
SPC          100      62  123456     0.0
SPC          100      63  123456     0.0
SPC          200       1  123456     0.0
SPC          200       2  123456     0.0
SPC          200       3  123456     0.0
SPC          200       4  123456     0.0
SPC          200       5  123456     0.0
SPC          200       8  123456     0.0
SPC          200      12  123456     0.0
386 Design Examples Manual November 2009 GENESIS



SPC          200      15  123456     0.0
SPC          200      16  123456     0.0
SPC          200      17  123456     0.0
SPC          200      18  123456     0.0
SPC          200      19  123456     0.0
SPC          200      22  123456     0.0
SPC          200      23  123456     0.0
SPC          200      24  123456     0.0
SPC          200      25  123456     0.0
SPC          200      26  123456     0.0
SPC          200      29  123456     0.0
SPC          200      33  123456     0.0
SPC          200      50  123456     0.0
SPC          200      54  123456     0.0
SPC          200      57  123456     0.0
SPC          200      58  123456     0.0
SPC          200      59  123456     0.0
SPC          200      60  123456     0.0
SPC          200      61  123456     0.0
SPC          300       3  123456     0.0
SPC          300       4  123456     0.0
SPC          300       5  123456     0.0
SPC          300       6  123456     0.0
SPC          300       7  123456     0.0
SPC          300      10  123456     0.0
SPC          300      14  123456     0.0
SPC          300      17  123456     0.0
SPC          300      18  123456     0.0
SPC          300      19  123456     0.0
SPC          300      20  123456     0.0
SPC          300      21  123456     0.0
SPC          300      24  123456     0.0
SPC          300      25  123456     0.0
SPC          300      26  123456     0.0
SPC          300      27  123456     0.0
SPC          300      28  123456     0.0
SPC          300      31  123456     0.0
SPC          300      35  123456     0.0
SPC          300      52  123456     0.0
SPC          300      56  123456     0.0
SPC          300      59  123456     0.0
SPC          300      60  123456     0.0
SPC          300      61  123456     0.0
SPC          300      62  123456     0.0
SPC          300      63  123456     0.0
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SPCD           1      15       3  -1.0       57       3 -1.0
SPCD           1      21       3  -1.0       63       3 -1.0
SPCD           1      16       3  -0.5       58       3 -0.5
SPCD           1      20       3  -0.5       62       3 -0.5
SPCD           1       1       3   1.0       22       3  1.0
SPCD           1      28       3   1.0        7       3  1.0
SPCD           1       2       3   0.5       23       3  0.5
SPCD           1      27       3   0.5        6       3  0.5
SPCD           2      17       3  -1.0       59       3 -1.0
SPCD           2      16       3  -0.5       58       3 -0.5
SPCD           2      18       3  -0.5       60       3 -0.5
SPCD           2       3       3   1.0       24       3 1.0
SPCD           2       2       3   0.5       23       3 0.5
SPCD           2       4       3   0.5       25       3 0.5
SPCD           3      19       3  -1.0       61       3 -1.0
SPCD           3      20       3  -0.5       62       3 -0.5
SPCD           3      18       3  -0.5       60       3 -0.5
SPCD           3       5       3   1.0       26       3 1.0
SPCD           3       6       3   0.5       27       3 0.5
SPCD           3       4       3   0.5       25       3 0.5
ENDDATA
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2.35.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
NATURAL PERTURBATION VECTOR FOR THE SHAPE DESIGN OF A CANTILIVERED C BEA
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PROJECT NAME: D035                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     49
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         36
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        36
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             254

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  3
                 TOTAL NUMBER OF LOAD CASES:                   3

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
NATURAL PERTURBATION VECTOR FOR THE SHAPE DESIGN OF A CANTILIVERED C BEA
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    3
NATURAL PERTURBATION VECTOR FOR THE SHAPE DESIGN OF A CANTILIVERED C BEA
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  4.549799E-16 ; STRAIN ENERGY :  5.884990E+06
LOADCASE        2 ; RESIDUAL : -3.956347E-17 ; STRAIN ENERGY :  5.884990E+06
LOADCASE        3 ; RESIDUAL :  3.956347E-17 ; STRAIN ENERGY :  5.884990E+06
         DVAR/DVGRID DATA GENERATED USING DVSHAPE DATA
         NOTE: DVGRID DATA IS IN PERTURBATION VECTOR FORMAT (BASIS = 0)
VAR,        10,   DVS_1,  0.00    , -2.00    ,  5.00    
VAR,        40,   DVS_1,  0.00    , -2.00    ,  5.00    
VAR,        20,   DVS_2,  0.00    , -2.00    ,  5.00    
VAR,        30,   DVS_3,  0.00    , -2.00    ,  5.00    
VGRID,      10,       1,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      10,       2,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      10,       9,       0,  1.00    ,-4.352E-02,  0.00    , 3.331E-17, 0
VGRID,      10,      15,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
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VGRID,      10,      16,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      10,      22,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      10,      23,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      10,      29,       0,  1.00    ,  0.00    ,  0.00    , 0.196    , 0
VGRID,      10,      30,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      10,      51,       0,  1.00    ,-4.352E-02,  0.00    , 2.220E-17, 0
VGRID,      10,      57,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      10,      58,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      40,       6,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      40,       7,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      40,      13,       0,  1.00    , 4.352E-02,  0.00    ,-1.110E-17, 0
VGRID,      40,      20,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      40,      21,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      40,      27,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      40,      28,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      40,      34,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      40,      35,       0,  1.00    ,  0.00    ,  0.00    , 0.196    , 0
VGRID,      40,      55,       0,  1.00    , 4.352E-02,  0.00    ,-3.331E-17, 0
VGRID,      40,      62,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      40,      63,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      20,       2,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      20,       9,       0,  1.00    , 4.352E-02,  0.00    , 2.220E-17, 0
VGRID,      20,      16,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      20,      23,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      20,      30,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      20,      51,       0,  1.00    , 4.352E-02,  0.00    , 2.220E-17, 0
VGRID,      20,      52,       0,  1.00    ,-3.778E-34,  0.00    , 1.110E-17, 0
VGRID,      20,       3,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      20,       4,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      20,      10,       0,  1.00    ,-5.551E-18,  0.00    , 4.441E-17, 0
VGRID,      20,      11,       0,  1.00    ,-4.352E-02,  0.00    ,  0.00    , 0
VGRID,      20,      17,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      20,      18,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      20,      24,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      20,      25,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      20,      31,       0,  1.00    ,  0.00    ,  0.00    , 0.196    , 0
VGRID,      20,      32,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      20,      53,       0,  1.00    ,-4.352E-02,  0.00    , 2.220E-17, 0
VGRID,      20,      58,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      20,      59,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      20,      60,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      30,       4,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      30,      11,       0,  1.00    , 4.352E-02,  0.00    , 3.331E-17, 0
VGRID,      30,      18,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      30,      25,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      30,      32,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      30,      53,       0,  1.00    , 4.352E-02,  0.00    ,  0.00    , 0
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VGRID,      30,      60,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      30,       5,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      30,       6,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      30,      12,       0,  1.00    ,-1.665E-17,  0.00    ,  0.00    , 0
VGRID,      30,      13,       0,  1.00    ,-4.352E-02,  0.00    ,  0.00    , 0
VGRID,      30,      19,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      30,      20,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0
VGRID,      30,      26,       0,  1.00    ,  0.00    ,  0.00    , 0.200    , 0
VGRID,      30,      27,       0,  1.00    ,  0.00    ,  0.00    , 0.100    , 0
VGRID,      30,      33,       0,  1.00    ,  0.00    ,  0.00    , 0.196    , 0
VGRID,      30,      34,       0,  1.00    ,  0.00    ,  0.00    , 0.101    , 0
VGRID,      30,      54,       0,  1.00    ,-8.327E-18,  0.00    ,  0.00    , 0
VGRID,      30,      55,       0,  1.00    ,-4.352E-02,  0.00    , 1.110E-17, 0
VGRID,      30,      61,       0,  1.00    ,  0.00    ,  0.00    ,-0.200    , 0
VGRID,      30,      62,       0,  1.00    ,  0.00    ,  0.00    ,-0.100    , 0

                            ***** END OF OUTPUT *****
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2.36 Shape Design of a Cantilevered C Beam using Natural 
Perturbation Vectors

Example ID:
D036

Design Data Used:
DRESP1, DCONS, DOPT.

Special Feature Used:
Uses INCLUDE command to include DVARs and DVGRIDs data created in D035.

Problem Statement:
Minimize the mass of a cantilivered c beam subject to gravity. The Young’s modulus is 1E7, the 
poisson’s ratio is 0.33 and the mass density is 0.1

Design problem:
Mininize mass; 4 shape design variables; 1 stress constraint and 7 geometrical constraints

Design Data Relationships:

DVGRID

DRESP1

DVAR

DOBJ, DCONS
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Problem Description:
This problem uses the natural perturbation vector created in the problem D035. The natural per-
turbation vector data (DVAR and DVGRID) are stored in the D035.DVS file. DOPT parameter 
basis = 0.

10 20 30

Gravity
Direction

Boundary and Loading Conditions

Four Perturbation Vectors

Perturbation Vector 1

Perturbation Vector 4

Perturbation Vector 2

Perturbation Vector 3
394 Design Examples Manual November 2009 GENESIS



Results:
The mass of the plate is reduced from 0.180 to 0.111 and the maximum initial constraint violation 
of 7.5% was overcome. This compares well with the result in D034 (1%), which  was solved 
using geometric perturbation vectors.

Optimum Shape
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2.36.1 Input Data

ID D036
POST = PUNCH
CEND
TITLE= SHAPE DESIGN OF A CANTILIVERED C BEAM USING NATURAL PERTURBATION 
VECTORS
ECHO = NONE
LINE = *,80
LOADCASE 1
SPC = 100
GRAV = 1
STRESS = POST
BASIS = POST
BEGIN BULK
DOPT
+       BASIS    0
INCLUDE = D035.DVS
$  --- DESIGN DATA ---
$
$   RESPONSES AND CONSTRAINTS FUNCTIONS
$
DRESP1         1OBJ     MASS
DRESP1         2SIGVM   STRESS  PROP                   2       2
DCONS          2        -.10E+31 .20E+04
$
DRESPG         3D1      DGPLANE                                7       6      27
+             21
DCONS          3        .2000000
DRESPG         4D2      DGPLANE                                6       5      26
+             20
DCONS          4        .2000000
DRESPG         5D3      DGPLANE                                5       4      25
+             19
DCONS          5        .2000000
DRESPG         6D4      DGPLANE                                4       3      24
+             18
DCONS          6        .2000000
DRESPG         7D5      DGPLANE                                3       2      23
+             17
DCONS          7        .2000000
DRESPG         8D6      DGPLANE                                2       1      22
+             16
DCONS          8        .2000000
DRESPG         9D7      DGPLANE                                2       1      22
+             15
DCONS          9        .2000000
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$
$   OBJECTIVE FUNCTION
$
DOBJ           1
$
$  --- ANALYSIS DATA ---
$
$   PROPERTY DEFINISIONS
$
PSHELL         2       1.1000000       1                                          GEOM
$
$   ELEMENT DEFINISIONS
$
CQUAD4         1       2       1       8       9       2
CQUAD4         2       2       2       9      10       3
CQUAD4         3       2       3      10      11       4
CQUAD4         4       2       4      11      12       5
CQUAD4         5       2       5      12      13       6
CQUAD4         6       2       6      13      14       7
CQUAD4         7       2       8      15      16       9
CQUAD4         8       2       9      16      17      10
CQUAD4         9       2      10      17      18      11
CQUAD4        10       2      11      18      19      12
CQUAD4        11       2      12      19      20      13
CQUAD4        12       2      13      20      21      14
CQUAD4        13       2      22      29      30      23
CQUAD4        14       2      23      30      31      24
CQUAD4        15       2      24      31      32      25
CQUAD4        16       2      25      32      33      26
CQUAD4        17       2      26      33      34      27
CQUAD4        18       2      27      34      35      28
CQUAD4        19       2      29       1       2      30
CQUAD4        20       2      30       2       3      31
CQUAD4        21       2      31       3       4      32
CQUAD4        22       2      32       4       5      33
CQUAD4        23       2      33       5       6      34
CQUAD4        24       2      34       6       7      35
CQUAD4        25       2      22      50      51      23
CQUAD4        26       2      23      51      52      24
CQUAD4        27       2      24      52      53      25
CQUAD4        28       2      25      53      54      26
CQUAD4        29       2      26      54      55      27
CQUAD4        30       2      27      55      56      28
CQUAD4        31       2      50      57      58      51
CQUAD4        32       2      51      58      59      52
CQUAD4        33       2      52      59      60      53
CQUAD4        34       2      53      60      61      54
CQUAD4        35       2      54      61      62      55
CQUAD4        36       2      55      62      63      56
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$
$   MATERIAL DATA
$
MAT1           11.00E+07        .330E+000.10E+00.000E+00.000E+00.000E+00M1
$
$   GRID DATA
$
GRID           1            .000    .000    .000
GRID           2           1.000    .000    .000
GRID           3           2.000    .000    .000
GRID           4           3.000    .000    .000
GRID           5           4.000    .000    .000
GRID           6           5.000    .000    .000
GRID           7           6.000    .000    .000
GRID           8            .000    .000   -.500
GRID           9           1.000    .000   -.500
GRID          10           2.000    .000   -.500
GRID          11           3.000    .000   -.500
GRID          12           4.000    .000   -.500
GRID          13           5.000    .000   -.500
GRID          14           6.000    .000   -.500
GRID          15            .000    .000  -1.000
GRID          16           1.000    .000  -1.000
GRID          17           2.000    .000  -1.000
GRID          18           3.000    .000  -1.000
GRID          19           4.000    .000  -1.000
GRID          20           5.000    .000  -1.000
GRID          21           6.000    .000  -1.000
GRID          22            .000   1.000    .000
GRID          23           1.000   1.000    .000
GRID          24           2.000   1.000    .000
GRID          25           3.000   1.000    .000
GRID          26           4.000   1.000    .000
GRID          27           5.000   1.000    .000
GRID          28           6.000   1.000    .000
GRID          29            .000    .500    .000
GRID          30           1.000    .500    .000
GRID          31           2.000    .500    .000
GRID          32           3.000    .500    .000
GRID          33           4.000    .500    .000
GRID          34           5.000    .500    .000
GRID          35           6.000    .500    .000
GRID          50            .000   1.000   -.500
GRID          51           1.000   1.000   -.500
GRID          52           2.000   1.000   -.500
GRID          53           3.000   1.000   -.500
GRID          54           4.000   1.000   -.500
GRID          55           5.000   1.000   -.500
GRID          56           6.000   1.000   -.500
GRID          57            .000   1.000  -1.000
GRID          58           1.000   1.000  -1.000
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GRID          59           2.000   1.000  -1.000
GRID          60           3.000   1.000  -1.000
GRID          61           4.000   1.000  -1.000
GRID          62           5.000   1.000  -1.000
GRID          63           6.000   1.000  -1.000
$
$   LOAD AND BOUNDARY CONDITIONS
$
SPC          100       1  123456     0.0
SPC          100       8  123456     0.0
SPC          100      15  123456     0.0
SPC          100      22  123456     0.0
SPC          100      29  123456     0.0
SPC          100      50  123456     0.0
SPC          100      57  123456     0.0
GRAV           1           386.2     0.0     0.0    -1.0
ENDDATA
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2.36.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
SHAPE DESIGN OF A CANTILIVERED C BEAM USING NATURAL PERTURBATION VECTORS
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PROJECT NAME: D036                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     49
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         36
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        36
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             252

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       4
                 TOTAL NUMBER OF DESIGN VARIABLES:             4
                 NUMBER OF SHAPE DESIGN VARIABLES:             4
                 NUMBER OF DIRECT RESPONSES:                  44
                 NUMBER OF CONSTRAINTS:                       86

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1
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              ********************************************
              *  D E S I G N  C Y C L E      8 (ANALYSIS)*
              ********************************************
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                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -9.627106E-12 ; STRAIN ENERGY :  7.382587E-02
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              ********************************************
              *  D E S I G N  C Y C L E      8 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.107354E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
        10     DVS_1      -2.000000E+00   -3.819534E-01    5.000000E+00
        20     DVS_2      -2.000000E+00   -1.150368E+00    5.000000E+00
        30     DVS_3      -2.000000E+00   -1.996491E+00    5.000000E+00
        40     DVS_1      -2.000000E+00   -1.998498E+00    5.000000E+00
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 CONSTRAINT

                        DRESPG              
  --------------------------------------------------------------------------
-
                                         RESPONSE   BOUND   BOUND     BOUND
   DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
          3  DGPLANE                   2.006007E-01  LB   2.000000E-01   A
          4  DGPLANE                   2.010022E-01  LB   2.000000E-01   A
          5  DGPLANE                   2.006865E-01  LB   2.000000E-01   A
          6  DGPLANE                   3.693085E-01  LB   2.000000E-01   I
          7  DGPLANE                   5.382659E-01  LB   2.000000E-01   I
          8  DGPLANE                   6.914972E-01  LB   2.000000E-01   I
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          9  DGPLANE                   8.447284E-01  LB   2.000000E-01   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            7    2        1    1.809074E+03  UB   2.000000E+03   A
   QUAD4            8    2        1    1.992229E+03  UB   2.000000E+03   A
   QUAD4            9    2        1    1.885039E+03  UB   2.000000E+03   A
   QUAD4           10    2        1    1.993706E+03  UB   2.000000E+03   A
   QUAD4           11    2        1    1.647215E+03  UB   2.000000E+03   I
   QUAD4           31    2        1    1.839095E+03  UB   2.000000E+03   A
   QUAD4           32    2        1    1.943143E+03  UB   2.000000E+03   A
   QUAD4           33    2        1    1.847447E+03  UB   2.000000E+03   A
   QUAD4           34    2        1    1.993407E+03  UB   2.000000E+03   A
   QUAD4           35    2        1    1.647981E+03  UB   2.000000E+03   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
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THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   48
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.8000E-01         7.5%
   1     1.7754E-01         0.3%
   2     1.7349E-01         0.0%
   3     1.6845E-01         0.0%
   4     1.5800E-01         0.0%
   5     1.3333E-01         0.0%
   6     1.1020E-01         9.3%
   7     1.1106E-01         0.3%
   8     1.1074E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   49
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
              10            20            30            40
           DVS_1         DVS_2         DVS_3         DVS_1

   0     0.0000E+00    0.0000E+00    0.0000E+00    0.0000E+00 
   1     9.9990E-02   -5.4006E-02   -9.9990E-02   -1.0000E-01 
   2     9.3553E-02   -1.5401E-01   -1.9999E-01   -2.0000E-01 
   3     6.3115E-02   -2.5401E-01   -3.3332E-01   -3.3333E-01 
   4    -1.6563E-02   -4.2334E-01   -6.2961E-01   -6.2963E-01 
   5    -1.1656E-01   -7.9965E-01   -1.3758E+00   -1.3759E+00 
   6    -2.1656E-01   -1.2675E+00   -1.9978E+00   -1.9985E+00 
   7    -2.8875E-01   -1.2025E+00   -1.9716E+00   -1.9985E+00 
   8    -3.8195E-01   -1.1504E+00   -1.9965E+00   -1.9985E+00 

                            ***** END OF OUTPUT *****
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2.37 Shape Design of a Cantilivered Plate using RBE3, 
RSPLINE and Geometric Perturbation Vectors

Example ID:
D037

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DCONS

Special Feature Used:
Uses DOMAIN + DVGRIDC to automatically generate DVGRID DATA. Uses RBE3 to distrib-
ute the tip load. Uses RSPLINE to connect two portions of the plate with different element den-
sity.

Problem Statement:
Minimize the mass of a cantilivered plate subject to a tip load. Young’s modulus is 2.1E+11, Pois-
son’s ratio is 0.33 and the mass density is 7.6

Design problem:
Mininize mass; 2 shape design variables; 1 stress constraint

Design Data Relationships:

Problem Description:
1. There are two shape perturbation vectors that control the shape of the cantilivered 

plate. The first one controls the width at the tip. The second controls the width at 
the root.

2. One QUAD4 DOMAIN is created and DVGRIC perturbations are applied to the 
domain. This automatically generates corresponding DVGRID data for every grid 
in the domain.

3.  The load at the tip of the plate is applied on the reference grid (grid 50) of the RBE3 
and is distributed to the three grids of the tip using appropriate weighting factors.

4. One RSPLINE element is used to connect the two portions of the mesh that have 
different element density.

DVGRIDC

DRESP1

DVAR

DOBJ, DCONS
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Results:
The mass of the plate is reduced from 304 to 120. The RSPLINE element successfully connected 
the two portions of the mesh with different densities. The RBE3 succesfully distributed the tip 
load over the tip grids.

Boundary and Loading Conditions

1 2

Two Perturbation Vectors and One DOMAIN

The Motion
is the Weighted
Average at the
Edge Using
RBE3 Element

Interpolation of Displacement
at Grid Points Applied Load

21
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2.37.1 Input Data

ID D037
POST = PUNCH
CEND
TITLE= SHAPE DESIGN OF A CANTILIVERED PLATE USING RBE3, RSPLINE AND
$       GEOMETRIC PERTURBATION VECTOR
ECHO = NONE
LINE = *,80
PERTURBATION = POST
$ NODE SET
SET    1 =       1,       2,       3,       4,       5,       6,       7,
                 8,       9,      10,      11,      12,      13,      14,
                15,      16,      17,      18,      19,      21,      22,
                23,      24,      25,      26,      27,      28,      29,
                31,      32,      33,      34,      35,      36,      37,
                38,      39,      50
LOADCASE        1
   SPC    =     100
   LOAD = 1
   STRESS = POST
   DISP = POST
BEGIN BULK
$  --- DESIGN DATA ---
DOPT
+          BASIS       0
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1VAR         0.0 -1.000001.000000
DVAR           2VAR         0.0 -1.000001.000000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DOMAIN         1
+       QUAD4          5      16      36      15
+       GSET           1
$
DVGRIDC        1       5                1.900000    0.0     0.0
DVGRIDC        1      15                -1.90000    0.0     0.0
DVGRIDC        2      16                1.900000    0.0     0.0
DVGRIDC        2      36                -1.90000    0.0     0.0
$
$   RESPONSES
$
DRESP1         1MASS    MASS
DRESP1         2STRESS  STRESS  PROP                   9       2
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$
$   CONSTRAINTS
$
DCONS          2                200000.0
$
$   OBJECTIVE FUNCTION
$
DOBJ           1OBJ
$
$  --- ANALYSIS DATA ---
$
$   PROPERTY AND ELEMENT DEFINISIONS
$
PSHELL         2       11.000000       1               1                P1
CQUAD4         1       2       1       6       7       2
CQUAD4         2       2       2       7       8       3
CQUAD4         3       2       3       8       9       4
CQUAD4         4       2       4       9      10       5
CQUAD4         5       2       6      11      12       7
CQUAD4         6       2       7      12      13       8
CQUAD4         7       2       8      13      14       9
CQUAD4         8       2       9      14      15      10
CQUAD4         9       2      16      21      22      17
CQUAD4        10       2      17      22      23      18
CQUAD4        11       2      18      23      24      19
CQUAD4        12       2      19      24      25       1
CQUAD4        13       2      21      26      27      22
CQUAD4        14       2      22      27      28      23
CQUAD4        15       2      23      28      29      24
CQUAD4        16       2      24      29       6      25
CQUAD4        17       2      26      31      32      27
CQUAD4        18       2      27      32      33      28
CQUAD4        19       2      28      33      34      29
CQUAD4        20       2      29      34      35       6
CQUAD4        21       2      31      36      37      32
CQUAD4        22       2      32      37      38      33
CQUAD4        23       2      33      38      39      34
CQUAD4        24       2      34      39      11      35
RBE3          25              50  123456     1.0     123       5      15
+            2.0    1234      10
RSPLINE       26               1      25  123456       6  123456      35
+         123456      11
$
$   MATERIAL DATA
$
MAT1           1.210E+12        .330E+00.760E+01.000E+00.000E+00.000E+00MAT1
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$
$   GRID DATA
$
GRID           1           0.000   5.000   0.000
GRID           2           0.000   6.250   0.000
GRID           3           0.000   7.500   0.000
GRID           4           0.000   8.750   0.000
GRID           5           0.000  10.000   0.000
GRID           6           2.000   5.000   0.000
GRID           7           2.000   6.250   0.000
GRID           8           2.000   7.500   0.000
GRID           9           2.000   8.750   0.000
GRID          10           2.000  10.000   0.000
GRID          11           4.000   5.000   0.000
GRID          12           4.000   6.250   0.000
GRID          13           4.000   7.500   0.000
GRID          14           4.000   8.750   0.000
GRID          15           4.000  10.000   0.000
GRID          16           0.000   0.000   0.000
GRID          17           0.000   1.250   0.000
GRID          18           0.000   2.500   0.000
GRID          19           0.000   3.750   0.000
GRID          21           1.000   0.000   0.000
GRID          22           1.000   1.250   0.000
GRID          23           1.000   2.500   0.000
GRID          24           1.000   3.750   0.000
GRID          25           1.000   5.000   0.000
GRID          26           2.000   0.000   0.000
GRID          27           2.000   1.250   0.000
GRID          28           2.000   2.500   0.000
GRID          29           2.000   3.750   0.000
GRID          31           3.000   0.000   0.000
GRID          32           3.000   1.250   0.000
GRID          33           3.000   2.500   0.000
GRID          34           3.000   3.750   0.000
GRID          35           3.000   5.000   0.000
GRID          36           4.000   0.000   0.000
GRID          37           4.000   1.250   0.000
GRID          38           4.000   2.500   0.000
GRID          39           4.000   3.750   0.000
GRID          50           2.000  10.000   0.000
$
$   BOUNDARY AND LOAD CONDITIONS
$
SPC          100      16  123456     0.0
SPC          100      21  123456     0.0
SPC          100      26  123456     0.0
SPC          100      31  123456     0.0
SPC          100      36  123456     0.0
FORCE          1      50        -10000.0     0.0     0.0     1.0
ENDDATA
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2.37.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
SHAPE DESIGN OF A CANTILIVERED PLATE USING RBE3, RSPLINE AND            
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PROJECT NAME: D037                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     38
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         24
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        24
                  NUMBER OF RBE3 ELEMENTS:                    1
                  NUMBER OF RSPLINE ELEMENTS:                 1
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             198

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       2
                 TOTAL NUMBER OF DESIGN VARIABLES:             2
                 NUMBER OF SHAPE DESIGN VARIABLES:             2
                 NUMBER OF DIRECT RESPONSES:                  25
                 NUMBER OF CONSTRAINTS:                       48

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

              ********************************************
              *  D E S I G N  C Y C L E      5 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   23
SHAPE DESIGN OF A CANTILIVERED PLATE USING RBE3, RSPLINE AND            
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -2.817398E-11 ; STRAIN ENERGY :  4.640203E-01
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              ********************************************
              *  D E S I G N  C Y C L E      5 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.202336E+02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     VAR        -1.000000E+00    1.000000E+00    1.000000E+00
         2     VAR        -1.000000E+00    2.726206E-01    1.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   25
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   QUAD4            1    9        1    1.865365E+05  UB   2.000000E+05   A
   QUAD4            2    9        1    1.766648E+05  UB   2.000000E+05   I
   QUAD4            5    9        1    1.865365E+05  UB   2.000000E+05   A
   QUAD4            6    9        1    1.766648E+05  UB   2.000000E+05   I
   QUAD4            9    9        1    1.849201E+05  UB   2.000000E+05   A
   QUAD4           10    9        1    1.988147E+05  UB   2.000000E+05   A
   QUAD4           11    9        1    1.954838E+05  UB   2.000000E+05   A
   QUAD4           12    9        1    1.960567E+05  UB   2.000000E+05   A
   QUAD4           13    9        1    1.912264E+05  UB   2.000000E+05   A
   QUAD4           14    9        1    1.989259E+05  UB   2.000000E+05   A
   QUAD4           15    9        1    1.987488E+05  UB   2.000000E+05   A
   QUAD4           16    9        1    1.883530E+05  UB   2.000000E+05   A
   QUAD4           17    9        1    1.912264E+05  UB   2.000000E+05   A
   QUAD4           18    9        1    1.989259E+05  UB   2.000000E+05   A
   QUAD4           19    9        1    1.987488E+05  UB   2.000000E+05   A
   QUAD4           20    9        1    1.883530E+05  UB   2.000000E+05   A
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   QUAD4           21    9        1    1.849201E+05  UB   2.000000E+05   A
   QUAD4           22    9        1    1.988147E+05  UB   2.000000E+05   A
   QUAD4           23    9        1    1.954838E+05  UB   2.000000E+05   A
   QUAD4           24    9        1    1.960567E+05  UB   2.000000E+05   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   26
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                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   27
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.0400E+02         0.0%
   1     2.7512E+02         0.0%
   2     2.4624E+02         0.0%
   3     2.0773E+02         0.0%
   4     1.6312E+02         0.0%
   5     1.2023E+02         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y
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DESIGN     DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE
               1             2
             VAR           VAR

   0     0.0000E+00    0.0000E+00 
   1     1.0000E-01    1.0000E-01 
   2     2.0000E-01    2.0000E-01 
   3     3.3333E-01    3.3333E-01 
   4     6.2963E-01    3.4601E-01 
   5     1.0000E+00*   2.7262E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.38 Shape and Sizing Design of a Free Body Structure
(Inertia Relief)

Example ID:
D038

Design Data Used:
SUPORT1, DVAR, DOMAIN, DVGRIDC, DVPROP2, DVPROP3, DEQATN, DRESP1, 
DCONS

Special Feature Used:
Uses DOMAIN + DVGRIDC to automatically generate DVGRID DATA. Uses SUPORT1 to 
specify inertia relief boundary conditions.

Problem Statement:
Minimize the mass of the structure which has inertia relief boundary conditions, subjected to 
stress constraints in both beams and plates. Two point loads (1000N) are applied to the edge of the 
plate. Young’s modulus is 200 GPa, Poisson’s ratio is 0.25 and the mass density is 7.26 g/cm3.

Design problem:
Minimize mass; 3 shape design variables and 3 size design variables; 2 stress constraints.

Design Data Relationships:

DVGRIDCDVAR
DOMAIN

DVAR

DVAR, DEQATN

DOBJ, DCONS

DRESP1

DRESP1

DRESP1
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 Problem Description:
This optimization is done using perturbation vectors. The first two design variables control the 
shape of the plate. The third design variable controls the size of the beam (diameter). The last two 
design variables control the thickness of the plate.
Two domains are used and DVGRIDC perturbations are applied to the plate. This automatically 
generates the corresponding DVGRID data for every grid of the two domains.

Results:
Initially, a stress constraint was violated by 10%. At the optimum, all the stress constraints are sat-
isfied within the specified values, and the mass of the bracket is reduced from 137.38Kg to 
99.28Kg.

Inertia Relief Boundary and Loading

Mass

MassMass

Mass

Three Perturbation Vectors and One DOMAIN

SUPORT
Applied
Load

1 2

21 3

3
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2.38.1 Input Data

ID D038
POST=PUNCH
CEND
TITLE=INERTIA RELIEF TEST PROBLEM
ECHO = NONE
LINE = *,80
PERTURBATION = POST
$
$ NODE SET
$
SET    1 =       1,       2,       3,       4,       5,       6,       7,
                 8,       9,      10,      11,      12,      13,      14,
                15,      16,      17,      18,      19,      20,      21,
                22,      23,      24,      25,      26,      27,      28,
                29,      30,      31,      32
$
SUPORT1 = 100
LOADCASE        1
   LABEL=
   LOAD   =       1
   DISP   =ALL
   STRESS =ALL
BEGIN BULK
$  --- DESIGN DATA ---
DOPT         20
+          BASIS       0
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1SHAPE1       .0 -10.0000 10.0000
DVAR           2SHAPE2       .0 -10.0000 10.0000
DVAR           3DIA      2.00000 0.50000 20.0000
DVAR           4TH1      1.00000 0.10000 10.0000
DVAR           5TH2      1.00000 0.10000 10.0000
DVAR           6SHAPE3       .0 -10.0000 10.0000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DOMAIN         1
+       QUAD4         28      25       1       4
+       GSET           1
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$
DVGRIDC        2       1                     .0 1.000000     .0
DVGRIDC        2       4                     .0 -1.00000     .0
DVGRIDC        1      25                     .0 1.000000     .0
DVGRIDC        1      28                     .0 -1.00000     .0
DVGRIDC        6      16                     .0 -1.00000     .0
DVGRIDC        6      13                     .0 1.000000     .0
$
$   DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
DVPROP2        1       4       2    1000
+       DVAR           3
DVPROP2        2       4       3    2000
+       DVAR           3
DVPROP2        3       4       4    3000
+       DVAR           3
DVPROP2        4       4       5    3000
+       DVAR           3
DVPROP3        5       1   SOLID
+              4
DVPROP3        6       2   SOLID
+              5
$
$    EQUATION DEFINISIONS
$
DEQATN      1000 AREA(DIA) = 3.14159265*DIA**2/4.0
DEQATN      2000 PINER(DIA) = 3.14159265*DIA**4/32.0
DEQATN      3000 INER(DIA) = 3.14159265*DIA**4/64.0
$
$   RESPONSES
$
DRESP1         1VON_ST  STRESS  PROP                   2       1       2
DRESP1         2T_MASS  MASS
DRESP1         3BEAM_ST STRESS  PROP                   1       4
$
$   CONSTRAINTS
$
DCONS          1       1        5000.000
DCONS          3       1-1000.0 1000.00
$
$   OBJECTIVE FUNCTION
$
DOBJ           2OBJ
$
$  --- ANALYSIS DATA ---
$
$    BOUNDARY CONDITIONS
$
SUPORT1      100       1     123       2     456
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$
$   PROPERTY DEFINISIONS
$
PSHELL         1       1 1.00000       1                                E_PLATE
PSHELL         2       3 1.00000       1                                M_PLATE
PBAR           4       2.314E+01.785E+00.785E+00.157E+01.000E+00        BEAM
$
$   ELEMENT DEFINISIONS
$
CQUAD4         1       1       1       5       6       2
CQUAD4         2       1       2       6       7       3
CQUAD4         3       1       3       7       8       4
CQUAD4         4       1       5       9      10       6
CQUAD4         5       1       6      10      11       7
CQUAD4         6       1       7      11      12       8
CQUAD4         7       2       9      13      14      10
CQUAD4         8       2      10      14      15      11
CQUAD4         9       2      11      15      16      12
CQUAD4        10       2      13      17      18      14
CQUAD4        11       2      14      18      19      15
CQUAD4        12       2      15      19      20      16
CQUAD4        13       1      17      21      22      18
CQUAD4        14       1      18      22      23      19
CQUAD4        15       1      19      23      24      20
CQUAD4        16       1      21      25      26      22
CQUAD4        17       1      22      26      27      23
CQUAD4        18       1      23      27      28      24
CBAR          19       4      29      25   1.000    .000    .000
CBAR          20       4      28      30   1.000    .000    .000
CBAR          21       4       4      31   1.000    .000    .000
CBAR          22       4       1      32   1.000    .000    .000
CONM2         23      29           3801.                                BEAM
CONM2         24      30           3801.                                BEAM
CONM2         25      31           3801.                                BEAM
CONM2         26      32           3801.                                BEAM
$
$   MATERIAL DATA
$
MAT1           1.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00PLATE
MAT1           2.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00BEAM
MAT1           3.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00PLATE
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$
$   GRID DATA
$
GRID           1           180.0    .000    .000
GRID           2           180.0     30.    .000
GRID           3           180.0     60.    .000
GRID           4           180.0     90.    .000
GRID           5           150.0    .000    .000
GRID           6           150.0     30.    .000
GRID           7           150.0     60.    .000
GRID           8           150.0     90.    .000
GRID           9           120.0    .000    .000
GRID          10           120.0     30.    .000
GRID          11           120.0     60.    .000
GRID          12           120.0     90.    .000
GRID          13             90.    .000    .000
GRID          14             90.     30.    .000
GRID          15             90.     60.    .000
GRID          16             90.     90.    .000
GRID          17             60.    .000    .000
GRID          18             60.     30.    .000
GRID          19             60.     60.    .000
GRID          20             60.     90.    .000
GRID          21             30.    .000    .000
GRID          22             30.     30.    .000
GRID          23             30.     60.    .000
GRID          24             30.     90.    .000
GRID          25            .000    .000    .000
GRID          26            .000     30.    .000
GRID          27            .000     60.    .000
GRID          28            .000     90.    .000
GRID          29            .000    .000     50.
GRID          30            .000     90.     50.
GRID          31           180.0     90.     50.
GRID          32           180.0    .000     50.
$
$   LOAD DEFINISIONS
$
FORCE          1       2       0   1.0  -10000.0     .0      .0
FORCE          1       3       0   1.0  -10000.0     .0      .0
ENDDATA
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2.38.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
INERTIA RELIEF TEST PROBLEM                                             
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PROJECT NAME: D038                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     32
                  NUMBER OF CBAR ELEMENTS:                    4
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         18
                  NUMBER OF CONM2 ELEMENTS:                   4
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        26
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF MATERIALS:                        3
                  NUMBER OF DEGREES OF FREEDOM:             192

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       6
                 TOTAL NUMBER OF DESIGN VARIABLES:             6
                 NUMBER OF SHAPE DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                  23
                 NUMBER OF CONSTRAINTS:                       44

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   92
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   93
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

                  S O L U T I O N   R E S I D U A L S
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LOADCASE        1 ; RESIDUAL : -1.167455E-15 ; STRAIN ENERGY :  6.974227E+05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   94
INERTIA RELIEF TEST PROBLEM                                             
                                                                        
                                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -8.627402E-04      1.540357E-02      1.413696E-05

       2     -3.181769E-04     -8.779639E-05      7.471798E-03
              0.000000E+00      0.000000E+00      0.000000E+00

       3      1.160379E-04     -2.044675E-04     -1.831022E-02
             -2.209543E-03      7.810321E-17     -3.721262E-05

       4      1.302644E-03     -2.922639E-04     -7.734605E-02
             -1.346803E-03      1.540357E-02     -5.134958E-05

       5     -1.795114E-04      2.118756E-04      7.858561E-02
             -3.720357E-03     -3.327771E-03     -1.709106E-05

       6      2.054958E-04      3.212014E-04      1.670545E-02
             -2.288019E-03     -1.929338E-03     -2.572368E-05

       7      5.708274E-04      5.029132E-04     -4.986551E-03
              7.847644E-05     -1.929338E-03     -1.148893E-05

       8      9.164834E-04      6.122390E-04      1.350963E-02
              1.510814E-03     -3.327771E-03     -2.012155E-05

       9      1.271489E-04      9.202592E-04     -1.062749E-01
             -3.257486E-03     -8.366134E-03     -2.859289E-05

      10      5.251480E-04      9.569232E-04     -1.498158E-01
             -1.784269E-03     -8.329079E-03     -1.652188E-05

      11      8.491481E-04      9.835698E-04     -1.690537E-01
             -4.252741E-04     -8.329079E-03     -2.069073E-05

      12      1.099149E-03      1.020234E-03     -1.639886E-01
              1.047943E-03     -8.366134E-03     -8.619729E-06
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      13      7.242747E-04      1.423764E-03     -8.544431E-01
             -1.104868E-03     -3.305144E-02     -1.307536E-05

      14      1.021016E-03      1.497392E-03     -8.728640E-01
             -1.104822E-03     -3.207759E-02     -2.215103E-05

      15      1.331237E-03      1.559479E-03     -8.912837E-01
             -1.104721E-03     -3.207759E-02     -1.506159E-05

      16      1.654936E-03      1.633108E-03     -9.097023E-01
             -1.104675E-03     -3.305144E-02     -2.413726E-05

      17      1.143203E-03      2.031979E-03     -1.600149E+00
              1.047880E-03     -8.365431E-03     -2.412039E-05

      18      1.478223E-03      2.068970E-03     -1.595085E+00
             -4.253066E-04     -8.328346E-03     -1.526487E-05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   95
INERTIA RELIEF TEST PROBLEM                                             
                                                                        
                                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

      19      1.802216E-03      2.104280E-03     -1.614322E+00
             -1.784236E-03     -8.328346E-03     -2.194775E-05

      20      2.115181E-03      2.141271E-03     -1.657861E+00
             -3.257423E-03     -8.365431E-03     -1.309222E-05

      21      1.235530E-03      2.645626E-03     -1.777623E+00
              1.510765E-03     -3.326904E-03     -1.486671E-05

      22      1.588697E-03      2.647024E-03     -1.759128E+00
              7.847138E-05     -1.928386E-03     -2.271027E-05

      23      1.954014E-03      2.642605E-03     -1.780819E+00
             -2.288014E-03     -1.928386E-03     -1.450234E-05

      24      2.331480E-03      2.644003E-03     -1.842696E+00
             -3.720308E-03     -3.326904E-03     -2.234591E-05
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      25      1.278305E-03      3.142648E-03     -1.686739E+00
             -1.346742E-03      1.540488E-02     -1.677671E-05

      26      1.586838E-03      3.180780E-03     -1.745770E+00
             -2.209534E-03      1.171578E-06     -1.254398E-05

      27      2.021030E-03      3.225226E-03     -1.771551E+00
             -9.330709E-09      1.171578E-06     -2.466863E-05

      28      2.580882E-03      3.263359E-03     -1.764081E+00
             -8.628007E-04      1.540488E-02     -2.043590E-05

      29      4.866796E+02      7.047976E-02     -1.688249E+00
             -1.346742E-03      1.458092E+01     -1.677671E-05

      30      4.866809E+02      4.640339E-02     -1.765592E+00
             -8.628007E-04      1.458092E+01     -2.043590E-05

      31      4.866795E+02      6.704788E-02     -7.583513E-02
             -1.346803E-03      1.458092E+01     -5.134958E-05

      32      4.866782E+02      4.313701E-02      1.510924E-03
             -8.627402E-04      1.458092E+01      1.413696E-05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   96
INERTIA RELIEF TEST PROBLEM                                             
                                                                        
                                                             LOADCASE         1

            S T R E S S E S   I N   B A R   E L E M E N T S

  BAR ID  END     STRESS-C       STRESS-D       STRESS-E       STRESS-F

      19    A  -6.043822E+02  -6.043822E+02  -6.043822E+02  -6.043822E+02
            B  -6.043822E+02  -6.043822E+02  -6.043822E+02  -6.043822E+02

      20    A  -6.043822E+02  -6.043822E+02  -6.043822E+02  -6.043822E+02
            B  -6.043822E+02  -6.043822E+02  -6.043822E+02  -6.043822E+02

      21    A   6.043694E+02   6.043694E+02   6.043694E+02   6.043694E+02
            B   6.043694E+02   6.043694E+02   6.043694E+02   6.043694E+02

      22    A   6.043694E+02   6.043694E+02   6.043694E+02   6.043694E+02
            B   6.043694E+02   6.043694E+02   6.043694E+02   6.043694E+02
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   97
INERTIA RELIEF TEST PROBLEM                                             
                                                                        
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

       1     1    2.517898E+03   4.854019E+03   4.649112E+03  -3.866840E+02
                  4.646614E+03  -3.841861E+02   1.121281E+02
             2    2.562301E+03   4.980573E+03   3.017828E+02  -4.822820E+03
                 -4.822178E+03   3.011407E+02   5.736056E+01

       2     1    1.264049E+02   5.208298E+02   5.989819E+02   3.461722E+02
                  5.980231E+02   3.471311E+02  -1.553980E+01
             2    4.830537E+02   1.176159E+03  -3.435831E+02  -1.309691E+03
                 -1.306026E+03  -3.472472E+02   5.938504E+01

       3     1    2.517898E+03   4.854019E+03   4.649112E+03  -3.866840E+02
                  4.545860E+03  -2.834321E+02  -7.136489E+02
             2    2.562301E+03   4.980573E+03   3.017828E+02  -4.822820E+03
                 -4.760819E+03   2.397819E+02   5.602552E+02

       4     1    1.333380E+03   2.506461E+03   2.307362E+03  -3.593981E+02
                  2.242570E+03  -2.946065E+02  -4.105917E+02
             2    1.569421E+03   2.925901E+03   4.869923E+02  -2.651849E+03
                 -2.578421E+03   4.135648E+02   4.744322E+02

       5     1    1.594866E+03   2.914037E+03   2.522671E+03  -6.670612E+02
                  2.518304E+03  -6.626951E+02  -1.179311E+02
             2    1.817112E+03   3.322476E+03   7.526097E+02  -2.881614E+03
                 -2.876639E+03   7.476351E+02   1.343649E+02

       6     1    1.333380E+03   2.506461E+03   2.307362E+03  -3.593981E+02
                  2.289076E+03  -3.411126E+02   2.200649E+02
             2    1.569421E+03   2.925901E+03   4.869923E+02  -2.651849E+03
                 -2.631832E+03   4.669756E+02  -2.498576E+02

       7     1    1.909561E+03   4.322791E+03   4.692950E+03   8.738270E+02
                  4.651602E+03   9.151746E+02  -3.952237E+02
             2    2.204565E+03   4.980415E+03  -9.929677E+02  -5.402097E+03
                 -5.370859E+03  -1.024206E+03   3.698076E+02

       8     1    1.833414E+03   4.210641E+03   4.598424E+03   9.315969E+02
426 Design Examples Manual November 2009 GENESIS



                  4.597866E+03   9.321554E+02  -4.525337E+01
             2    2.153353E+03   4.859660E+03  -9.620137E+02  -5.268719E+03
                 -5.268063E+03  -9.626697E+02   5.315030E+01

       9     1    1.909561E+03   4.322791E+03   4.692950E+03   8.738270E+02
                  4.668821E+03   8.979557E+02   3.026022E+02
             2    2.204565E+03   4.980415E+03  -9.929677E+02  -5.402097E+03
                 -5.386453E+03  -1.008612E+03  -2.621689E+02

      10     1    2.215054E+03   4.955329E+03  -9.211681E+02  -5.351277E+03
                 -5.317707E+03  -9.547385E+02  -3.841788E+02
             2    1.898723E+03   4.348465E+03   4.743667E+03   9.462211E+02
                  4.705102E+03   9.847862E+02   3.807382E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   98
INERTIA RELIEF TEST PROBLEM                                             
                                                                        
                                                             LOADCASE         1

            S T R E S S E S   I N   Q U A D 4   E L E M E N T S

QUAD4 ID  SURFACE  MAX SHEAR      VON MISES       MAJOR          MINOR 
                    SIGMA X        SIGMA Y        TAU XY

      11     1    2.129340E+03   4.829264E+03  -9.882752E+02  -5.246956E+03
                 -5.246308E+03  -9.889232E+02  -5.252896E+01
             2    1.857487E+03   4.240896E+03   4.620534E+03   9.055613E+02
                  4.619969E+03   9.061266E+02   4.582256E+01

      12     1    2.215054E+03   4.955329E+03  -9.211681E+02  -5.351277E+03
                 -5.333992E+03  -9.384530E+02   2.761793E+02
             2    1.898723E+03   4.348465E+03   4.743667E+03   9.462211E+02
                  4.721608E+03   9.682797E+02  -2.885822E+02

      13     1    1.484418E+03   2.791503E+03   3.972207E+02  -2.571616E+03
                 -2.504733E+03   3.303385E+02  -4.405554E+02
             2    1.418558E+03   2.641305E+03   2.387873E+03  -4.492423E+02
                  2.316464E+03  -3.778329E+02   4.444069E+02

      14     1    1.758759E+03   3.217303E+03   7.237071E+02  -2.793812E+03
                 -2.788999E+03   7.188940E+02  -1.300265E+02
             2    1.653309E+03   3.019411E+03   2.610675E+03  -6.959433E+02
                  2.606151E+03  -6.914188E+02   1.222305E+02

      15     1    1.484418E+03   2.791503E+03   3.972207E+02  -2.571616E+03
                 -2.554017E+03   3.796227E+02   2.278946E+02
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             2    1.418558E+03   2.641305E+03   2.387873E+03  -4.492423E+02
                  2.367074E+03  -4.284431E+02  -2.420276E+02

      16     1    2.578816E+03   4.985020E+03   3.653222E+02  -4.792309E+03
                 -4.792135E+03   3.651480E+02   2.997904E+01
             2    2.498630E+03   4.845103E+03   4.677063E+03  -3.201974E+02
                  4.676940E+03  -3.200746E+02  -2.476281E+01

      17     1    3.066742E+02   8.468452E+02  -3.528708E+02  -9.662192E+02
                 -9.638934E+02  -3.551965E+02  -3.769744E+01
             2    3.028684E+02   8.273583E+02   9.426605E+02   3.369237E+02
                  9.403636E+02   3.392206E+02   3.722962E+01

      18     1    2.578816E+03   4.985020E+03   3.653222E+02  -4.792309E+03
                 -4.709294E+03   2.823074E+02  -6.490519E+02
             2    2.498630E+03   4.845103E+03   4.677063E+03  -3.201974E+02
                  4.597704E+03  -2.408386E+02   6.247230E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   99
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  9.928015E+04

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     SHAPE1     -1.000000E+01    9.996365E+00    1.000000E+01
         2     SHAPE2     -1.000000E+01    9.994548E+00    1.000000E+01
         3     DIA         5.000000E-01    5.000090E-01    2.000000E+01
         4     TH1         1.000000E-01    1.349868E+00    1.000000E+01
         5     TH2         1.000000E-01    5.933260E-01    1.000000E+01
         6     SHAPE3     -1.000000E+01    9.995241E+00    1.000000E+01
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INERTIA RELIEF TEST PROBLEM                                             
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 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   BAR             19    1        1   -6.043822E+02  LB  -1.000000E+03   I
   BAR             20    1        1   -6.043822E+02  LB  -1.000000E+03   I
   BAR             21    1        1    6.043694E+02  UB   1.000000E+03   I
   BAR             22    1        1    6.043694E+02  UB   1.000000E+03   I
   QUAD4            1    2        1    4.854019E+03  UB   5.000000E+03   A
   QUAD4            3    2        1    4.854019E+03  UB   5.000000E+03   A
   QUAD4            4    2        1    2.506461E+03  UB   5.000000E+03   I
   QUAD4            5    2        1    2.914037E+03  UB   5.000000E+03   I
   QUAD4            6    2        1    2.506461E+03  UB   5.000000E+03   I
   QUAD4           13    2        1    2.791503E+03  UB   5.000000E+03   I
   QUAD4           14    2        1    3.217303E+03  UB   5.000000E+03   I
   QUAD4           15    2        1    2.791503E+03  UB   5.000000E+03   I
   QUAD4           16    2        1    4.985020E+03  UB   5.000000E+03   A
   QUAD4           18    2        1    4.985020E+03  UB   5.000000E+03   A
   QUAD4            7    2        1    4.322791E+03  UB   5.000000E+03   I
   QUAD4            8    2        1    4.210641E+03  UB   5.000000E+03   I
   QUAD4            9    2        1    4.322791E+03  UB   5.000000E+03   I
   QUAD4           10    2        1    4.955329E+03  UB   5.000000E+03   A
   QUAD4           11    2        1    4.829264E+03  UB   5.000000E+03   A
   QUAD4           12    2        1    4.955329E+03  UB   5.000000E+03   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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INERTIA RELIEF TEST PROBLEM                                             
                                                                        

                      ***********************************
                      * S O F T   C O N V E R G E N C E *
                      * NO FURTHER PROGRESS CAN BE MADE *
                      ***********************************

THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
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APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  102
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.3738E+05        10.6%
   1     1.2366E+05         0.9%
   2     1.2016E+05         0.0%
   3     1.1814E+05         0.0%
   4     1.1657E+05         0.0%
   5     1.1469E+05         0.0%
   6     1.1091E+05         1.2%
   7     1.0370E+05         5.1%
   8     1.0045E+05         1.2%
   9     9.9149E+04         0.3%
  10     9.9280E+04         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  103
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
          SHAPE1        SHAPE2           DIA           TH1           TH2

   0     0.0000E+00    0.0000E+00    2.0000E+00    1.0000E+00    1.0000E+00 
   1     1.0000E-01    1.0000E-01    1.6830E+00    1.0968E+00    5.0000E-01 
   2     2.0000E-01    2.0000E-01    1.4163E+00    1.1068E+00    4.2364E-01 
   3     3.3333E-01    3.3333E-01    1.0766E+00    1.1001E+00    4.2226E-01 
   4     6.2963E-01    6.2963E-01    7.6251E-01    1.1013E+00    4.2392E-01 
   5     1.3749E+00    1.3752E+00    5.0000E-01*   1.1132E+00    4.3165E-01 
   6     3.5476E+00    3.5484E+00    5.0000E-01    1.1601E+00    4.5821E-01 
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   7     7.2850E+00    7.2866E+00    5.0001E-01    1.2534E+00    5.1376E-01 
   8     8.5260E+00    1.0000E+01*   5.0001E-01    1.3134E+00    5.6167E-01 
   9     1.0000E+01*   9.9967E+00    5.0001E-01    1.3491E+00    5.8990E-01 
  10     9.9964E+00    9.9945E+00    5.0001E-01    1.3499E+00    5.9333E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  104
INERTIA RELIEF TEST PROBLEM                                             
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN
CYCLE     VARIABLE
               6
          SHAPE3

   0     0.0000E+00 
   1     1.0000E-01 
   2     2.0000E-01 
   3     3.3333E-01 
   4     6.2963E-01 
   5     1.3747E+00 
   6     3.5471E+00 
   7     7.2840E+00 
   8     8.9117E+00 
   9     1.0000E+01*
  10     9.9952E+00 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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 GENESIS   VERSION  5.0                   DATE 12-01-1998  TIME 14:23  PAGE  104
 INERTIA RELIEF TEST PROBLEM                                             
                                                                         

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                6
           SHAPE3

    0     0.0000E+00 
    1     1.0000E-01 
    2     2.0000E-01 
    3     3.3333E-01 
    4     6.2963E-01 
    5     1.3747E+00 
    6     3.5470E+00 
    7     7.2838E+00 
    8     8.9119E+00 
    9     1.0000E+01*
   10     9.9959E+00 

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                             ***** END OF OUTPUT *****
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2.39 Shape Design Sensitivity for Doubly Curved Shell using 
Guyan Reduction

Example ID:
D039

Design Data Used:
DVAR, DVGRID, DRESP1, OBJ, DCONS, ASET

Special Feature Used:
Uses ASET to define degree of freedom in the analysis set

Problem Statement
Sensitivity of the fundamental frequency with respect to shape design for the structure with and 
without ASET boundary conditions are compared. The boundary conditions of the structure is one 
edge clamped and the other edge free. Young’s modulus is 200 GPa, Poisson’s ratio is 0.25 and 
the mass density is 7.26 g/cm3.

Design Data Relationships:

DVGRID

DRESP1

DVAR

DOBJ
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Problem Description:
The design variable controls shape in the longitudinal direction of the free edge.  Fundamental 
frequencies and their sensitivities are computed in both cases where the structure is specified with 
and without ASET.

Results:
The fundamental frequency and sensitivity of the structure without ASET boundary conditions 
are 3.50456E-02 and -1.34995E-03 respectively. The fundamental frequency and sensitivity of 
the structure with a-set boundary conditions are 3.50494E-02 and -1.35054E-03 respectively.

Fixed End

Perturbation Vectors
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2.39.1 Input Data

ID D039
SENSITIVITY
DIAG=85
POST=PUNCH
CEND
TITLE=TEST PROBLEM FOR ASET
ECHO = NONE
LINE = *,80
SENSITIVITY=BOTH,ALL
LOADCASE        1
   LABEL=
   SPC    =       1
   METHOD =       1
   SVECTOR=BOTH,ALL
LOADCASE        2
   LABEL=GUYAN
   SPC    =       1
   ASET   =       2
   METHOD =       1
   SVECTOR=BOTH,ALL
BEGIN BULK
$  --- DESIGN DATA ---
DOPT
+          BASIS       0
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1SHAPE        .0 -2.000002.000000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DVGRID         1       9                -1.00000     .0      .0
DVGRID         1      18                -1.00000     .0      .0
DVGRID         1      27                -1.00000     .0      .0
DVGRID         1      36                -1.00000     .0      .0
DVGRID         1      45                -1.00000     .0      .0
$
$   DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
DRESP1         1FUND    FREQ           1
DRESP1         2GUYAN   RFREQ          1
$
$   CONSTRAINTS
$
DCONS          2       2.1000000
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$
$   OBJECTIVE FUNCTION
$
DOBJ           1FREQ1          1   MAX
$
$  --- ANALYSIS DATA ---
$
$   ELEMENT AND PROPERTY DEFINISIONS
$
PSHELL         2       1.1000000       1               1                PSHELL
CQUAD4         1       2       1      10      11       2
CQUAD4         2       2       2      11      12       3
CQUAD4         3       2       3      12      13       4
CQUAD4         4       2       4      13      14       5
CQUAD4         5       2       5      14      15       6
CQUAD4         6       2       6      15      16       7
CQUAD4         7       2       7      16      17       8
CQUAD4         8       2       8      17      18       9
CQUAD4         9       2      10      19      20      11
CQUAD4        10       2      11      20      21      12
CQUAD4        11       2      12      21      22      13
CQUAD4        12       2      13      22      23      14
CQUAD4        13       2      14      23      24      15
CQUAD4        14       2      15      24      25      16
CQUAD4        15       2      16      25      26      17
CQUAD4        16       2      17      26      27      18
CQUAD4        17       2      19      28      29      20
CQUAD4        18       2      20      29      30      21
CQUAD4        19       2      21      30      31      22
CQUAD4        20       2      22      31      32      23
CQUAD4        21       2      23      32      33      24
CQUAD4        22       2      24      33      34      25
CQUAD4        23       2      25      34      35      26
CQUAD4        24       2      26      35      36      27
CQUAD4        25       2      28      37      38      29
CQUAD4        26       2      29      38      39      30
CQUAD4        27       2      30      39      40      31
CQUAD4        28       2      31      40      41      32
CQUAD4        29       2      32      41      42      33
CQUAD4        30       2      33      42      43      34
CQUAD4        31       2      34      43      44      35
CQUAD4        32       2      35      44      45      36
$
$   MATERIAL DATA
$
MAT1           1.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00STEEL
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$
$   GRID DATA
$
GRID           1          40.000    .000    .000
GRID           2          39.230   7.803    .000
GRID           3          36.954  15.307    .000
GRID           4          33.258  22.222    .000
GRID           5          28.284  28.284    .000
GRID           6          22.222  33.258    .000
GRID           7          15.307  36.954    .000
GRID           8           7.803  39.230    .000
GRID           9            .000  40.000    .000
GRID          10          42.929    .000   7.071
GRID          11          42.103   8.375   7.071
GRID          12          39.660  16.428   7.071
GRID          13          35.693  23.849   7.071
GRID          14          30.355  30.355   7.071
GRID          15          23.849  35.693   7.071
GRID          16          16.428  39.660   7.071
GRID          17           8.375  42.103   7.071
GRID          18            .000  42.929   7.071
GRID          19          50.000    .000  10.000
GRID          20          49.038   9.754  10.000
GRID          21          46.192  19.133  10.000
GRID          22          41.572  27.778  10.000
GRID          23          35.355  35.355  10.000
GRID          24          27.778  41.572  10.000
GRID          25          19.133  46.192  10.000
GRID          26           9.754  49.038  10.000
GRID          27            .000  50.000  10.000
GRID          28          57.071    .000   7.071
GRID          29          55.973  11.134   7.071
GRID          30          52.725  21.839   7.071
GRID          31          47.451  31.706   7.071
GRID          32          40.355  40.355   7.071
GRID          33          31.706  47.451   7.071
GRID          34          21.839  52.725   7.071
GRID          35          11.134  55.973   7.071
GRID          36            .000  57.071   7.071
GRID          37          60.000    .000    .000
GRID          38          58.845  11.705    .000
GRID          39          55.431  22.960    .000
GRID          40          49.887  33.333    .000
GRID          41          42.426  42.426    .000
GRID          42          33.333  49.887    .000
GRID          43          22.960  55.431    .000
GRID          44          11.705  58.845    .000
GRID          45            .000  60.000    .000
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$
$    BOUNDARY CONDITIONS
$
SPC            1       1  123456     0.0
SPC            1      10  123456     0.0
SPC            1      19  123456     0.0
SPC            1      28  123456     0.0
SPC            1      37  123456     0.0
ASET3          2     123       9      24      27      45
$
$    FREQUENCY DEFINISION
$
EIGR           1SUB                                    5MAX
ENDDATA
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2.39.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
TEST PROBLEM FOR ASET                                                   
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PROJECT NAME: D039                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     45
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:         32
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        32
                  NUMBER OF ELEMENT PROPERTIES:               1
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:             240

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       1
                 TOTAL NUMBER OF DESIGN VARIABLES:             1
                 NUMBER OF SHAPE DESIGN VARIABLES:             1
                 NUMBER OF DIRECT RESPONSES:                   2
                 NUMBER OF CONSTRAINTS:                        2

                              LOAD CASES SUMMARY

                 NUMBER OF FREQUENCY LOAD CASES:               2
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
TEST PROBLEM FOR ASET                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    3
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1

                          E I G E N V A L U E S

                                                    GENERALIZED   GENERALIZED
  MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS
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       1  3.504561E-02  4.848720E-02  2.201981E-01  1.448219E+02  7.022008E+00
       2  8.794022E-02  3.053056E-01  5.525447E-01  1.596735E+02  4.874923E+01
       3  1.496141E-01  8.836995E-01  9.400529E-01  2.674886E+02  2.363795E+02
       4  2.122596E-01  1.778667E+00  1.333667E+00  8.377554E+01  1.490088E+02
       5  2.455267E-01  2.379891E+00  1.542690E+00  1.340730E+02  3.190791E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    4
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2

                          E I G E N V A L U E S

                                                    GENERALIZED   GENERALIZED
  MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       1  3.504940E-02  4.849767E-02  2.202219E-01  1.447573E+02  7.020393E+00
       2  8.814575E-02  3.067344E-01  5.538361E-01  1.577140E+02  4.837631E+01
       3  1.513508E-01  9.043346E-01  9.509651E-01  2.526533E+02  2.284831E+02
       4  2.168784E-01  1.856916E+00  1.362687E+00  7.709473E+01  1.431585E+02
       5  2.665374E-01  2.804634E+00  1.674704E+00  1.226033E+02  3.438573E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    5
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504561E-02
                                 EIGENVALUE     =  4.848720E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -9.405793E-02     -9.014200E-03      3.930281E-02
              2.244708E-03      2.059006E-02      1.008068E-02

       3     -1.314682E-01     -2.034466E-02      7.630070E-02
             -5.146816E-03      2.391916E-02      1.626345E-03

       4     -1.515889E-01     -3.113056E-02      1.320059E-01
             -2.042416E-03      2.009386E-02      4.832951E-03
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       5     -1.992962E-01     -7.034359E-02      2.276313E-01
             -3.879970E-03      2.382640E-02      8.327182E-03

       6     -2.509080E-01     -1.332927E-01      3.605608E-01
             -9.303957E-03      2.919894E-02      9.374828E-03

       7     -2.912865E-01     -2.088886E-01      5.328809E-01
             -1.781781E-02      3.353581E-02      9.068427E-03

       8     -3.128096E-01     -2.798702E-01      7.462934E-01
             -2.522972E-02      3.505256E-02      6.736101E-03

       9     -3.178032E-01     -3.304314E-01      1.000000E+00
             -2.925969E-02      3.505398E-02      5.471352E-03

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11     -4.688362E-04     -2.487257E-04      5.651003E-04
             -2.630013E-04      5.499386E-03      2.976745E-04

      12     -1.136986E-02     -3.535088E-03      2.767280E-02
              2.318767E-03      9.651513E-03      2.328419E-03

      13     -3.035554E-02     -1.358756E-02      8.622494E-02
             -1.303551E-04      1.554314E-02      2.650614E-03

      14     -4.964023E-02     -2.929653E-02      1.717734E-01
             -4.412262E-03      2.187825E-02      3.132571E-03

      15     -6.545975E-02     -4.847921E-02      2.886841E-01
             -1.194785E-02      2.745861E-02      2.752676E-03

      16     -7.667871E-02     -6.939762E-02      4.454763E-01
             -1.979574E-02      3.175838E-02      2.883906E-03

      17     -8.325259E-02     -9.101222E-02      6.509880E-01
             -2.764201E-02      3.366576E-02      2.490701E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    6
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504561E-02
442 Design Examples Manual November 2009 GENESIS



                                 EIGENVALUE     =  4.848720E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18     -8.528002E-02     -1.115995E-01      9.093526E-01
             -3.289843E-02      3.403083E-02      2.457003E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -1.607422E-04     -1.818773E-05     -1.935181E-04
             -2.430505E-05      2.575358E-06      1.149648E-04

      21     -4.437480E-04     -2.687840E-04      2.964508E-04
             -9.606797E-04      3.663320E-03     -6.482768E-05

      22     -6.339336E-04     -6.101576E-04      9.181970E-03
             -4.321094E-03      1.011460E-02      5.333139E-05

      23     -7.543066E-04     -9.191568E-04      3.987359E-02
             -9.690996E-03      1.683955E-02     -5.970633E-05

      24     -9.305612E-04     -1.309477E-03      1.074511E-01
             -1.623018E-02      2.224892E-02      1.162613E-04

      25     -1.268620E-03     -2.040706E-03      2.256173E-01
             -2.318710E-02      2.614503E-02      4.600182E-05

      26     -1.620722E-03     -3.287183E-03      4.048488E-01
             -3.062910E-02      2.840012E-02      2.226426E-04

      27     -1.788323E-03     -4.949692E-03      6.518859E-01
             -3.695825E-02      2.891774E-02      1.368010E-04

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -3.216061E-04      1.456582E-04     -4.722129E-04
              1.721057E-04     -3.776379E-03      2.025122E-04

      30     -1.081911E-02     -2.781247E-03     -2.520412E-02
             -3.390196E-03     -7.024968E-04      1.704191E-03

      31     -2.994852E-02     -1.275343E-02     -6.596925E-02
             -7.527414E-03      5.787565E-03      2.079710E-03
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      32     -5.050339E-02     -2.942382E-02     -9.374005E-02
             -1.413712E-02      1.292154E-02      2.547878E-03

      33     -6.775680E-02     -5.032494E-02     -8.056217E-02
             -2.081371E-02      1.883571E-02      2.263833E-03

      34     -7.947767E-02     -7.220223E-02     -3.138321E-03
             -2.720317E-02      2.253646E-02      2.158624E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    7
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504561E-02
                                 EIGENVALUE     =  4.848720E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -8.588555E-02     -9.329714E-02      1.520287E-01
             -3.216077E-02      2.444959E-02      1.794956E-03

      36     -8.791360E-02     -1.139250E-01      3.888011E-01
             -3.574825E-02      2.476198E-02      1.932800E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38      6.168392E-02      5.861408E-03      2.518254E-02
              2.194871E-03     -1.303580E-02     -2.363221E-03

      39      2.805423E-02     -4.603162E-03     -1.060776E-02
             -4.456987E-05     -1.104018E-02      5.539431E-03

      40     -6.297000E-02     -5.345585E-02     -8.669782E-02
             -7.253712E-03      1.625949E-03      7.113209E-03

      41     -1.466287E-01     -1.222297E-01     -1.490671E-01
             -1.483683E-02      1.143334E-02      6.983975E-03

      42     -2.109340E-01     -2.006515E-01     -1.652886E-01
             -2.352051E-02      1.873506E-02      6.058594E-03

      43     -2.479500E-01     -2.698917E-01     -1.054982E-01
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             -2.963887E-02      2.247909E-02      4.574760E-03

      44     -2.644417E-01     -3.242118E-01      4.382153E-02
             -3.351218E-02      2.402063E-02      3.177686E-03

      45     -2.679916E-01     -3.601061E-01      2.868241E-01
             -3.410485E-02      2.433988E-02      2.532739E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    8
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.794022E-02
                                 EIGENVALUE     =  3.053056E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.084431E-01     -1.063448E-02      4.493614E-02
              7.693793E-04      2.468230E-02      7.739542E-03

       3     -6.680149E-02      1.631997E-03      4.988545E-02
             -7.015817E-03      1.195777E-02     -1.037522E-02

       4      1.966115E-02      4.748594E-02      4.292670E-02
              7.133943E-03     -1.076966E-02     -8.362674E-03

       5      7.511753E-02      9.265045E-02      3.301479E-02
              1.528993E-02     -1.927244E-02     -7.813982E-03

       6      1.321837E-01      1.619715E-01     -1.385391E-02
              2.403676E-02     -2.640129E-02     -1.127459E-02

       7      1.879273E-01      2.661225E-01     -1.170020E-01
              3.346390E-02     -3.189000E-02     -1.407797E-02

       8      2.247852E-01      3.875739E-01     -2.856469E-01
              4.541019E-02     -3.423876E-02     -1.205917E-02

       9      2.340815E-01      4.818305E-01     -5.184154E-01
              5.116319E-02     -3.423673E-02     -1.039432E-02
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      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11      1.263586E-03      6.532995E-04     -5.787151E-04
             -3.968405E-04      4.739987E-03     -3.654709E-05

      12     -6.951557E-03     -1.037285E-03      2.738812E-02
              4.821150E-03      2.671816E-03      1.754823E-03

      13     -1.614536E-02     -5.201834E-03      6.737792E-02
              4.771795E-03     -8.940400E-04      4.027915E-04

      14     -1.525887E-02     -3.847943E-03      8.773220E-02
              8.704475E-03     -8.114647E-03     -9.323671E-04

      15     -5.202218E-03      8.873245E-03      7.047803E-02
              1.544695E-02     -1.692791E-02     -2.870991E-03

      16      7.802336E-03      3.349102E-02      5.706822E-04
              2.898749E-02     -2.561266E-02     -3.711830E-03

      17      1.743685E-02      6.542266E-02     -1.379804E-01
              4.453838E-02     -3.098720E-02     -4.126051E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    9
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.794022E-02
                                 EIGENVALUE     =  3.053056E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      2.054335E-02      9.673426E-02     -3.588970E-01
              5.696887E-02     -3.173694E-02     -3.267499E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -3.943671E-04     -1.548706E-03      4.515061E-03
              5.629492E-04      2.646136E-03      2.007536E-04
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      21     -1.654677E-03     -3.337917E-03      1.767399E-02
             -5.327157E-04      6.169835E-03      6.179993E-06

      22     -6.216418E-03     -6.956719E-03      4.981098E-02
             -5.328265E-04      9.489435E-03      9.657121E-04

      23     -1.564071E-02     -1.553667E-02      1.082934E-01
              2.309126E-03      7.078011E-03      1.543799E-03

      24     -2.821937E-02     -3.147237E-02      1.823375E-01
              1.356933E-02     -5.456585E-04      2.600531E-03

      25     -4.008567E-02     -5.400517E-02      2.398984E-01
              3.163529E-02     -1.023708E-02      2.644791E-03

      26     -4.760870E-02     -7.901555E-02      2.346414E-01
              5.540004E-02     -1.723576E-02      2.715145E-03

      27     -4.981390E-02     -1.010124E-01      1.185018E-01
              7.659499E-02     -1.963905E-02      1.849340E-03

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -4.648730E-03      1.168504E-03     -4.556579E-03
             -2.599652E-04     -7.237769E-03      1.010080E-03

      30     -3.580925E-02     -7.106377E-03     -6.224487E-02
             -1.169068E-02      1.240476E-02      4.344913E-03

      31     -6.679849E-02     -2.294939E-02     -9.340457E-02
             -1.752858E-02      3.092522E-02      1.620809E-03

      32     -7.217174E-02     -2.703355E-02     -7.975018E-03
             -1.572970E-02      3.395736E-02     -6.397660E-04

      33     -5.420137E-02     -5.034768E-03      2.004985E-01
              3.774559E-03      2.392947E-02     -4.368732E-03

      34     -2.860809E-02      4.279251E-02      4.663616E-01
              3.509682E-02      9.045879E-03     -5.254243E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   10
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
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                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.794022E-02
                                 EIGENVALUE     =  3.053056E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -1.094589E-02      1.010119E-01      6.781570E-01
              6.855351E-02     -1.031863E-03     -5.532563E-03

      36     -5.629540E-03      1.546375E-01      7.356800E-01
              8.880351E-02     -4.154711E-03     -4.078857E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38      1.187989E-01      1.035227E-02      4.644363E-02
              1.887252E-03     -2.662152E-02      8.281079E-04

      39     -1.167784E-01     -6.191172E-02     -1.018647E-01
             -1.353291E-02      6.183718E-03      2.159743E-02

      40     -3.628819E-01     -1.936659E-01     -2.346269E-01
             -3.419296E-02      4.911110E-02      1.040067E-02

      41     -3.831334E-01     -2.101233E-01     -1.526445E-01
             -3.286962E-02      5.476615E-02     -6.099936E-03

      42     -2.536037E-01     -5.190038E-02      1.384924E-01
             -1.092913E-02      3.982273E-02     -1.869375E-02

      43     -8.451821E-02      2.648238E-01      5.424720E-01
              3.255551E-02      1.786380E-02     -2.409452E-02

      44      1.526110E-02      5.939297E-01      8.804796E-01
              7.248915E-02      2.918828E-03     -1.729669E-02

      45      3.486409E-02      7.927478E-01      1.000000E+00
              8.951083E-02     -6.335022E-04     -1.147577E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   11
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R
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EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.496141E-01
                                 EIGENVALUE     =  8.836995E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.435665E-01     -1.464164E-02      5.867312E-02
              3.061977E-04      2.990965E-02      8.468464E-03

       3     -6.250294E-02      8.885189E-03      5.184394E-02
             -7.158848E-03      7.081561E-03     -1.524549E-02

       4      2.498147E-02      5.472122E-02      4.778909E-02
              1.304785E-02     -1.459695E-02     -3.057512E-03

       5     -7.630625E-03      2.721041E-02      8.801008E-02
              1.264391E-02     -2.987054E-03      1.016656E-02

       6     -1.039363E-01     -9.066110E-02      1.700619E-01
             -6.086041E-03      2.097584E-02      2.146072E-02

       7     -2.298233E-01     -3.266120E-01      3.310968E-01
             -4.496988E-02      4.658857E-02      3.303711E-02

       8     -3.252103E-01     -6.413607E-01      6.044283E-01
             -8.785763E-02      5.857418E-02      3.236140E-02

       9     -3.518365E-01     -9.110289E-01      1.000000E+00
             -1.117058E-01      5.915209E-02      2.873435E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11      4.293532E-03      2.430802E-03     -2.853508E-03
             -1.398278E-03      9.406082E-03     -7.948535E-04

      12     -7.739066E-04      3.079372E-03      2.910669E-02
              3.657628E-03      7.666123E-03      1.359874E-03

      13     -5.201820E-03      2.506528E-03      7.018307E-02
             -3.238334E-04      6.277596E-03     -6.819390E-04

      14     -6.917541E-04      7.520630E-03      9.172007E-02
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             -5.534287E-03      8.849331E-03     -9.995612E-04

      15      4.681880E-03      1.490596E-02      1.087162E-01
             -1.932257E-02      1.710758E-02     -8.682703E-04

      16      2.597107E-03      1.148500E-02      1.648670E-01
             -4.443184E-02      3.234348E-02      2.073850E-03

      17     -6.566346E-03     -1.866332E-02      3.256569E-01
             -8.485359E-02      4.692400E-02      5.702085E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   12
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.496141E-01
                                 EIGENVALUE     =  8.836995E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18     -1.222524E-02     -7.678875E-02      6.544138E-01
             -1.180571E-01      5.166419E-02      8.489645E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20      4.080381E-05     -3.426192E-03      1.005185E-02
              2.254730E-03     -5.700107E-03     -2.348230E-05

      21     -6.108988E-04     -6.585254E-03      3.752900E-02
              8.082686E-03     -9.816573E-03      3.142385E-06

      22     -8.113879E-04     -8.885854E-03      7.660872E-02
              1.345557E-02     -1.348426E-02      1.524712E-05

      23      5.285776E-03     -5.314120E-03      1.033182E-01
              2.076969E-02     -1.938760E-02     -1.417419E-03

      24      2.285363E-02      1.527495E-02      8.359646E-02
              2.269881E-02     -2.135420E-02     -3.955878E-03

      25      4.993836E-02      6.565058E-02      3.086544E-04
              1.208818E-02     -1.658964E-02     -7.567367E-03
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      26      7.640907E-02      1.531310E-01     -1.201093E-01
             -2.736337E-02     -4.674116E-03     -1.097781E-02

      27      8.839107E-02      2.761809E-01     -1.977495E-01
             -8.623241E-02     -2.173904E-05     -1.389022E-02

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -7.610284E-03      1.607389E-03     -6.587960E-03
             -2.302539E-03      1.450099E-02      9.973251E-04

      30     -4.149824E-03      4.123328E-03      3.900515E-02
             -1.305864E-03      2.718959E-02     -2.347079E-03

      31      4.354631E-02      3.032559E-02      2.178286E-01
              1.903743E-02      7.655129E-03     -7.659920E-03

      32      1.183709E-01      9.198556E-02      4.622295E-01
              5.552593E-02     -3.011581E-02     -9.519430E-03

      33      1.770835E-01      1.636604E-01      5.881512E-01
              8.731481E-02     -5.843210E-02     -6.751310E-03

      34      1.973412E-01      2.016104E-01      4.397132E-01
              8.440132E-02     -6.360441E-02     -7.831872E-04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   13
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.496141E-01
                                 EIGENVALUE     =  8.836995E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      1.918438E-01      1.833521E-01      5.865943E-03
              4.345541E-02     -5.616538E-02      4.178678E-03

      36      1.850366E-01      1.133101E-01     -5.909421E-01
             -1.229952E-02     -5.411634E-02      8.782951E-03
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      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -1.730104E-01     -1.855580E-02     -7.518178E-02
             -1.021294E-02      2.991694E-02      1.653209E-02

      39     -3.682256E-01     -7.817144E-02     -1.132583E-01
             -2.003504E-02      7.324906E-02      5.630611E-04

      40     -1.491711E-01      3.918384E-02      1.535609E-01
             -1.927763E-03      5.323087E-02     -3.039504E-02

      41      3.188379E-01      4.236228E-01      6.181110E-01
              5.326231E-02     -1.261864E-02     -4.027571E-02

      42      6.528150E-01      8.308856E-01      9.274847E-01
              1.068912E-01     -6.555042E-02     -2.208051E-02

      43      6.917337E-01      9.036460E-01      7.867473E-01
              1.110070E-01     -7.922845E-02      1.039045E-02

      44      5.907604E-01      5.707108E-01      1.954088E-01
              6.256396E-02     -6.792197E-02      2.434201E-02

      45      5.536309E-01      1.946823E-01     -5.572582E-01
              2.436870E-02     -6.285724E-02      2.479595E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   14
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.122596E-01
                                 EIGENVALUE     =  1.778667E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.556028E-01     -1.563336E-02      6.394038E-02
              1.422708E-03      3.359455E-02      1.177268E-02

       3     -1.133448E-01     -3.511458E-03      7.762745E-02
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             -9.064382E-03      1.886225E-02     -1.201410E-02

       4     -2.216273E-02      4.463574E-02      8.685108E-02
              8.282429E-03     -6.664656E-03     -7.320570E-03

       5      1.933794E-02      7.821020E-02      1.096421E-01
              1.677129E-02     -1.427266E-02     -5.479265E-03

       6      7.457812E-02      1.452628E-01      9.780881E-02
              2.653256E-02     -2.411795E-02     -1.466391E-02

       7      1.743553E-01      3.319175E-01     -3.109759E-03
              5.080624E-02     -4.253559E-02     -3.095979E-02

       8      2.728423E-01      6.569831E-01     -2.322410E-01
              9.004499E-02     -5.396103E-02     -3.885675E-02

       9      3.066556E-01      1.000000E+00     -5.942031E-01
              1.102337E-01     -5.399806E-02     -3.841760E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11      3.598831E-03      1.768803E-03     -2.206210E-03
             -1.198623E-03      9.437550E-03     -5.545043E-04

      12     -5.290384E-03      5.134762E-04      3.561853E-02
              4.710652E-03      8.904116E-03      2.346773E-03

      13     -1.887809E-02     -5.593775E-03      9.726842E-02
              3.292986E-03      6.618074E-03      8.804155E-04

      14     -2.348591E-02     -8.535821E-03      1.475774E-01
              5.304884E-03      1.548331E-03      2.910745E-04

      15     -1.691181E-02      4.344189E-05      1.688573E-01
              9.274982E-03     -6.974313E-03     -2.812100E-03

      16     -1.493296E-03      2.910415E-02      1.406395E-01
              2.712004E-02     -2.007729E-02     -4.894237E-03

      17      1.796427E-02      9.331812E-02      1.736282E-02
              6.318913E-02     -3.788591E-02     -1.098904E-02
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                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.122596E-01
                                 EIGENVALUE     =  1.778667E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      2.879817E-02      2.036634E-01     -2.643159E-01
              9.988058E-02     -4.515255E-02     -1.512226E-02

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -3.838523E-04     -3.178834E-03      9.726534E-03
              1.980933E-03     -4.076193E-03      1.485056E-04

      21     -2.262732E-03     -6.256145E-03      3.512180E-02
              5.610787E-03     -3.501064E-03      1.934812E-04

      22     -5.106621E-03     -9.661404E-03      7.508410E-02
              5.091815E-03      1.201150E-03      5.664087E-04

      23     -5.164860E-03     -1.106728E-02      1.206267E-01
              1.124778E-03      6.372167E-03     -3.113182E-04

      24     -8.989343E-04     -6.902121E-03      1.612962E-01
             -5.365919E-03      7.956978E-03     -7.646148E-04

      25      3.555609E-03      7.645861E-04      1.992183E-01
             -1.105504E-02      9.403005E-03     -1.003562E-03

      26      3.269946E-03     -8.473186E-04      2.471657E-01
             -3.540402E-03      4.973093E-03      1.383920E-03

      27      4.427952E-04     -3.128064E-02      3.028975E-01
              2.328821E-02      4.231225E-03      4.779107E-03

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -8.363800E-03      1.936824E-03     -7.417098E-03
             -2.094461E-03      9.892039E-03      1.224932E-03

      30     -1.620657E-02      1.368510E-03      1.071207E-02
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             -3.228197E-03      1.989126E-02     -2.438896E-04

      31     -1.227360E-03      1.058853E-02      1.097415E-01
              1.055280E-02      3.662799E-03     -2.850567E-03

      32      1.545835E-02      2.527887E-02      2.176886E-01
              2.661899E-02     -1.909576E-02     -8.153983E-04

      33      4.801843E-03      1.328466E-02      2.093406E-01
              2.007031E-02     -2.138134E-02      3.919494E-03

      34     -2.544009E-02     -4.237750E-02      7.615653E-02
             -2.038760E-02     -5.226848E-03      7.326340E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   16
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.122596E-01
                                 EIGENVALUE     =  1.778667E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -4.614088E-02     -1.098377E-01     -3.421376E-02
             -7.068824E-02      1.244779E-02      5.197502E-03

      36     -4.845557E-02     -1.318787E-01      6.008401E-02
             -8.545916E-02      1.981730E-02     -1.367427E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -1.056982E-01     -1.220499E-02     -4.784790E-02
             -6.934991E-03      1.597015E-02      1.164297E-02

      39     -2.487190E-01     -5.636458E-02     -8.730551E-02
             -1.210541E-02      4.407416E-02     -2.726744E-04

      40     -5.867956E-02      4.486363E-02      9.793007E-02
              8.168497E-03      1.754650E-02     -2.218748E-02

      41      2.184698E-01      2.718050E-01      3.493957E-01
              4.664463E-02     -3.302953E-02     -1.449149E-02
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      42      2.194585E-01      2.722255E-01      3.479571E-01
              4.680548E-02     -4.514761E-02      1.636480E-02

      43     -3.253227E-03     -1.454013E-01      4.025825E-02
             -1.605695E-02     -1.798228E-02      3.747604E-02

      44     -1.696267E-01     -6.945558E-01     -2.816696E-01
             -9.583231E-02      8.900371E-03      2.752360E-02

      45     -1.967754E-01     -9.701925E-01     -2.871399E-01
             -1.311139E-01      1.587586E-02      1.134157E-02
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TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.455267E-01
                                 EIGENVALUE     =  2.379891E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -2.553900E-01     -2.487866E-02      1.062580E-01
              2.323468E-03      4.689607E-02      1.681491E-02

       3     -1.332009E-01      1.097365E-02      1.068905E-01
             -7.892740E-03      5.264827E-03     -2.507222E-02

       4      2.474585E-02      9.389152E-02      1.025499E-01
              2.907180E-02     -3.685512E-02     -7.735606E-03

       5      1.737060E-02      8.643614E-02      1.473893E-01
              3.543590E-02     -2.782475E-02      4.235319E-03

       6     -1.028911E-03      6.305795E-02      1.783974E-01
              2.234420E-02     -1.267224E-02     -3.195894E-03

       7      3.895195E-02      1.373656E-01      1.615873E-01
              1.400008E-02     -1.190339E-02     -1.924760E-02
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       8      1.035180E-01      3.504196E-01      8.915768E-02
              2.590216E-02     -1.582181E-02     -2.929093E-02

       9      1.285882E-01      6.051006E-01     -1.976922E-02
              3.317262E-02     -1.523101E-02     -2.989064E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11     -9.258230E-04      7.897816E-04      7.490906E-04
             -2.024965E-03      2.272428E-02      1.781613E-04

      12     -2.544585E-02     -4.226290E-03      6.802915E-02
              4.095637E-03      2.223797E-02      4.612234E-03

      13     -4.268598E-02     -1.068187E-02      1.498189E-01
             -4.785508E-03      1.903428E-02     -9.514966E-04

      14     -2.613932E-02      5.307821E-03      1.838531E-01
             -1.614049E-02      1.892939E-02     -4.732596E-03

      15      1.396582E-02      5.589381E-02      1.774001E-01
             -2.610400E-02      1.424247E-02     -1.010789E-02

      16      5.739548E-02      1.379995E-01      1.584001E-01
             -2.149461E-02      6.466708E-03     -1.145172E-02

      17      9.000324E-02      2.455645E-01      1.328272E-01
             -1.700293E-03     -5.422335E-03     -1.471852E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   18
TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.455267E-01
                                 EIGENVALUE     =  2.379891E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      1.030583E-01      3.775126E-01      7.450296E-02
              1.840593E-02     -9.692500E-03     -1.613536E-02

      19      0.000000E+00      0.000000E+00      0.000000E+00
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              0.000000E+00      0.000000E+00      0.000000E+00

      20      1.703317E-03      8.507136E-04     -5.744963E-03
              1.017718E-03     -1.717009E-02     -4.857783E-04

      21      7.626544E-03      1.325574E-03     -1.130004E-02
              5.908206E-03     -6.750180E-03     -9.202141E-04

      22      2.886767E-02      1.075834E-02     -2.284707E-02
             -6.613773E-03      4.523748E-03     -4.027963E-03

      23      6.968899E-02      4.259631E-02     -4.371117E-02
             -8.754048E-03      6.900198E-03     -6.745974E-03

      24      1.176841E-01      1.003427E-01     -5.107759E-02
             -1.070679E-02      6.149396E-03     -8.588714E-03

      25      1.574690E-01      1.749648E-01     -1.654965E-02
             -6.844711E-03      1.094524E-02     -8.362613E-03

      26      1.823393E-01      2.578853E-01      6.013401E-02
             -8.474537E-03      1.048838E-02     -8.742236E-03

      27      1.910666E-01      3.475598E-01      1.468069E-01
              1.003941E-03      7.888562E-03     -9.256653E-03

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29      8.885896E-03     -2.466689E-03      9.076702E-03
             -7.796574E-04      2.832511E-02     -1.879630E-03

      30      8.445282E-02      1.912029E-02      1.758795E-01
              3.102855E-02     -2.788693E-02     -1.149925E-02

      31      1.508092E-01      5.418182E-02      2.794209E-01
              4.414187E-02     -7.368333E-02     -2.046396E-03

      32      1.519476E-01      5.471001E-02      1.170081E-01
              1.558269E-02     -4.430160E-02      1.471351E-03

      33      1.436298E-01      4.327970E-02     -1.309987E-01
             -3.969654E-02      7.749771E-03      3.454673E-04

      34      1.751170E-01      1.000049E-01     -1.674425E-01
             -4.634399E-02      3.066054E-02     -1.161434E-02
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TEST PROBLEM FOR ASET                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.455267E-01
                                 EIGENVALUE     =  2.379891E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      2.197591E-01      2.444960E-01      4.602064E-02
              8.076623E-03      1.995666E-02     -1.442811E-02

      36      2.346702E-01      3.934763E-01      2.575786E-01
              4.571165E-02      1.245848E-02     -1.193167E-02

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -3.875517E-01     -3.534707E-02     -1.548028E-01
             -7.476530E-03      8.048175E-02      8.911151E-04

      39      2.506291E-01      1.595750E-01      2.617452E-01
              3.505115E-02     -7.764641E-03     -5.832514E-02

      40      8.008557E-01      4.539672E-01      5.953094E-01
              7.047085E-02     -1.063699E-01     -6.063128E-03

      41      4.279057E-01      1.483684E-01      2.252514E-01
             -4.344404E-03     -4.861487E-02      5.053924E-02

      42     -9.060328E-02     -4.821197E-01     -3.659112E-01
             -1.122596E-01      4.482546E-02      3.199777E-02

      43     -1.113703E-01     -5.183060E-01     -4.494955E-01
             -1.177001E-01      6.547696E-02     -3.248099E-02

      44      1.275900E-01      2.723207E-01      4.985646E-02
              5.430309E-03      3.487526E-02     -5.678803E-02

      45      1.992265E-01      1.000000E+00      5.087693E-01
              1.016937E-01      2.195857E-02     -4.133092E-02
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TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504940E-02
                                 EIGENVALUE     =  4.849767E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -9.404192E-02     -9.009753E-03      3.930003E-02
              2.242293E-03      2.057846E-02      1.007006E-02

       3     -1.312767E-01     -2.028696E-02      7.622194E-02
             -5.134063E-03      2.385903E-02      1.611506E-03

       4     -1.514020E-01     -3.107786E-02      1.318712E-01
             -2.016631E-03      2.005180E-02      4.849442E-03

       5     -1.993613E-01     -7.050189E-02      2.275172E-01
             -3.913448E-03      2.387340E-02      8.373025E-03

       6     -2.512425E-01     -1.337837E-01      3.605413E-01
             -9.446366E-03      2.930690E-02      9.397583E-03

       7     -2.914928E-01     -2.091396E-01      5.328146E-01
             -1.793083E-02      3.355021E-02      8.975466E-03

       8     -3.127400E-01     -2.792009E-01      7.459867E-01
             -2.510318E-02      3.502278E-02      6.709778E-03

       9     -3.178031E-01     -3.304327E-01      1.000000E+00
             -2.924068E-02      3.511622E-02      5.593776E-03

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11     -4.874487E-04     -2.551035E-04      5.772472E-04
             -2.614260E-04      5.501597E-03      3.000285E-04

      12     -1.141011E-02     -3.546588E-03      2.769353E-02
              2.318665E-03      9.647051E-03      2.329248E-03
460 Design Examples Manual November 2009 GENESIS



      13     -3.037817E-02     -1.358211E-02      8.617290E-02
             -1.405663E-04      1.552984E-02      2.643601E-03

      14     -4.961147E-02     -2.923609E-02      1.715672E-01
             -4.424339E-03      2.186348E-02      3.123559E-03

      15     -6.539647E-02     -4.835981E-02      2.883623E-01
             -1.196059E-02      2.746035E-02      2.747527E-03

      16     -7.663077E-02     -6.929119E-02      4.452317E-01
             -1.978726E-02      3.177971E-02      2.893652E-03

      17     -8.323051E-02     -9.098440E-02      6.509462E-01
             -2.760363E-02      3.367791E-02      2.498564E-03
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TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504940E-02
                                 EIGENVALUE     =  4.849767E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18     -8.525796E-02     -1.116005E-01      9.093476E-01
             -3.289494E-02      3.402411E-02      2.457414E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -1.701208E-04     -1.181534E-05     -2.099309E-04
             -2.697721E-05      5.689412E-06      1.156770E-04

      21     -4.637798E-04     -2.619134E-04      2.538707E-04
             -9.629219E-04      3.660917E-03     -6.491833E-05

      22     -6.583089E-04     -6.083054E-04      9.136504E-03
             -4.312010E-03      1.010519E-02      5.476455E-05

      23     -7.714360E-04     -9.215629E-04      3.985203E-02
             -9.665400E-03      1.681530E-02     -6.082867E-05
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      24     -9.306193E-04     -1.309641E-03      1.074526E-01
             -1.618296E-02      2.221955E-02      1.161208E-04

      25     -1.256969E-03     -2.037193E-03      2.256358E-01
             -2.314777E-02      2.613048E-02      4.384692E-05

      26     -1.609163E-03     -3.282485E-03      4.048615E-01
             -3.062487E-02      2.839960E-02      2.238137E-04

      27     -1.787794E-03     -4.947795E-03      6.518810E-01
             -3.695974E-02      2.891251E-02      1.367689E-04

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -3.322404E-04      1.506917E-04     -4.882373E-04
              1.709032E-04     -3.786840E-03      2.033957E-04

      30     -1.085213E-02     -2.779609E-03     -2.528003E-02
             -3.406816E-03     -6.650907E-04      1.705793E-03

      31     -2.993733E-02     -1.272327E-02     -6.590575E-02
             -7.510461E-03      5.801276E-03      2.069540E-03

      32     -5.043214E-02     -2.933490E-02     -9.345760E-02
             -1.409455E-02      1.289535E-02      2.544739E-03

      33     -6.768428E-02     -5.021732E-02     -8.024533E-02
             -2.077906E-02      1.880569E-02      2.265485E-03

      34     -7.944456E-02     -7.214901E-02     -2.990575E-03
             -2.721199E-02      2.251927E-02      2.167745E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   22
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  3.504940E-02
                                 EIGENVALUE     =  4.849767E-02

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -8.587544E-02     -9.331036E-02      1.520026E-01
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             -3.219279E-02      2.444781E-02      1.796519E-03

      36     -8.789916E-02     -1.139260E-01      3.887886E-01
             -3.575336E-02      2.476927E-02      1.929184E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38      6.176198E-02      5.863134E-03      2.520269E-02
              2.186018E-03     -1.305168E-02     -2.341487E-03

      39      2.748932E-02     -4.798113E-03     -1.091804E-02
             -8.946948E-05     -1.093650E-02      5.559901E-03

      40     -6.321893E-02     -5.348227E-02     -8.673629E-02
             -7.264403E-03      1.696143E-03      7.063984E-03

      41     -1.462879E-01     -1.217735E-01     -1.485972E-01
             -1.476600E-02      1.139322E-02      6.953198E-03

      42     -2.105564E-01     -2.001532E-01     -1.647658E-01
             -2.345120E-02      1.867271E-02      6.077995E-03

      43     -2.478329E-01     -2.698807E-01     -1.053523E-01
             -2.965011E-02      2.245258E-02      4.618401E-03

      44     -2.644778E-01     -3.246930E-01      4.360168E-02
             -3.360995E-02      2.403307E-02      3.181045E-03

      45     -2.679866E-01     -3.601143E-01      2.868098E-01
             -3.410253E-02      2.435450E-02      2.489431E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   23
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.814575E-02
                                 EIGENVALUE     =  3.067344E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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       2     -1.085053E-01     -1.065346E-02      4.493807E-02
              7.634684E-04      2.465102E-02      7.731587E-03

       3     -6.669297E-02      1.662611E-03      4.979676E-02
             -7.026919E-03      1.199748E-02     -1.039280E-02

       4      1.971275E-02      4.748301E-02      4.287779E-02
              7.043156E-03     -1.060934E-02     -8.344857E-03

       5      7.507212E-02      9.255996E-02      3.308990E-02
              1.520125E-02     -1.916940E-02     -7.803919E-03

       6      1.322161E-01      1.619622E-01     -1.369699E-02
              2.411784E-02     -2.646988E-02     -1.130370E-02

       7      1.880427E-01      2.662150E-01     -1.168129E-01
              3.362647E-02     -3.191392E-02     -1.401744E-02

       8      2.246823E-01      3.868363E-01     -2.851423E-01
              4.523004E-02     -3.418935E-02     -1.205484E-02

       9      2.341037E-01      4.821901E-01     -5.182928E-01
              5.116925E-02     -3.432408E-02     -1.057927E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11      1.376966E-03      6.966884E-04     -6.549650E-04
             -4.216046E-04      4.820284E-03     -6.272314E-05

      12     -6.665991E-03     -9.291985E-04      2.721872E-02
              4.801942E-03      2.672532E-03      1.742753E-03

      13     -1.579871E-02     -5.051563E-03      6.719176E-02
              4.841263E-03     -9.890139E-04      4.038988E-04

      14     -1.500396E-02     -3.760678E-03      8.766754E-02
              8.765894E-03     -8.136750E-03     -9.088091E-04

      15     -5.097928E-03      8.788235E-03      7.064447E-02
              1.537839E-02     -1.683695E-02     -2.847672E-03

      16      7.833551E-03      3.333062E-02      8.715591E-04
              2.889120E-02     -2.558404E-02     -3.715814E-03

      17      1.749474E-02      6.544826E-02     -1.377972E-01
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              4.453763E-02     -3.100742E-02     -4.155028E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   24
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.814575E-02
                                 EIGENVALUE     =  3.067344E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      2.062035E-02      9.692256E-02     -3.586919E-01
              5.697093E-02     -3.171173E-02     -3.277877E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -4.329894E-04     -1.645012E-03      4.871601E-03
              6.470158E-04      2.328489E-03      2.029144E-04

      21     -1.828874E-03     -3.521445E-03      1.880020E-02
             -2.491935E-04      5.825756E-03      4.100500E-05

      22     -6.465808E-03     -7.208170E-03      5.136136E-02
             -3.917578E-04      9.248979E-03      9.602843E-04

      23     -1.574438E-02     -1.569387E-02      1.092525E-01
              2.362764E-03      6.883915E-03      1.511448E-03

      24     -2.808864E-02     -3.135935E-02      1.820824E-01
              1.356047E-02     -7.275270E-04      2.550676E-03

      25     -3.982531E-02     -5.377545E-02      2.391145E-01
              3.162119E-02     -1.017932E-02      2.651243E-03

      26     -4.736189E-02     -7.881046E-02      2.342836E-01
              5.508865E-02     -1.709893E-02      2.726045E-03

      27     -4.964426E-02     -1.008192E-01      1.187287E-01
              7.658243E-02     -1.964294E-02      1.834429E-03

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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      29     -5.002182E-03      1.258513E-03     -4.863586E-03
             -3.895994E-04     -6.205648E-03      1.039683E-03

      30     -3.500934E-02     -6.596502E-03     -5.830340E-02
             -1.109586E-02      1.239713E-02      4.112020E-03

      31     -6.462616E-02     -2.164965E-02     -8.491231E-02
             -1.635530E-02      2.930873E-02      1.589172E-03

      32     -7.063764E-02     -2.619945E-02     -2.533741E-03
             -1.519442E-02      3.263933E-02     -4.713760E-04

      33     -5.422983E-02     -6.045471E-03      1.978116E-01
              2.433711E-03      2.406434E-02     -4.131511E-03

      34     -2.902209E-02      4.112935E-02      4.607113E-01
              3.345059E-02      9.915572E-03     -5.370515E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   25
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  8.814575E-02
                                 EIGENVALUE     =  3.067344E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -1.088299E-02      1.009037E-01      6.770054E-01
              6.906885E-02     -7.559474E-04     -5.682290E-03

      36     -5.568252E-03      1.547287E-01      7.356489E-01
              8.882228E-02     -4.276330E-03     -3.979132E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38      1.052756E-01      8.958907E-03      4.068044E-02
              1.448640E-03     -2.409545E-02      1.232307E-03

      39     -1.176839E-01     -5.948643E-02     -9.826665E-02
             -1.288757E-02      6.926483E-03      2.001921E-02
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      40     -3.433801E-01     -1.803429E-01     -2.173935E-01
             -3.178249E-02      4.607821E-02      9.719585E-03

      41     -3.694982E-01     -2.016231E-01     -1.414091E-01
             -3.177232E-02      5.224121E-02     -4.618937E-03

      42     -2.591432E-01     -6.676732E-02      1.297692E-01
             -1.384558E-02      4.055451E-02     -1.706743E-02

      43     -9.328897E-02      2.438981E-01      5.281298E-01
              2.908815E-02      1.980681E-02     -2.529573E-02

      44      1.544436E-02      6.023242E-01      8.827711E-01
              7.437371E-02      3.110696E-03     -1.833262E-02

      45      3.442661E-02      7.928430E-01      1.000000E+00
              8.952244E-02     -9.098303E-04     -1.023530E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   26
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.513508E-01
                                 EIGENVALUE     =  9.043346E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.392126E-01     -1.420051E-02      5.687021E-02
              3.880311E-04      2.881980E-02      8.389087E-03

       3     -6.307275E-02      7.894681E-03      5.140490E-02
             -7.064028E-03      7.583793E-03     -1.473370E-02

       4      2.423210E-02      5.363374E-02      4.712749E-02
              1.227207E-02     -1.389486E-02     -3.465014E-03

       5     -4.345924E-03      2.937812E-02      8.525888E-02
              1.283186E-02     -3.490798E-03      9.769910E-03

       6     -1.005638E-01     -8.841106E-02      1.664885E-01
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             -5.615705E-03      2.066726E-02      2.182438E-02

       7     -2.290485E-01     -3.291974E-01      3.283371E-01
             -4.554449E-02      4.695711E-02      3.355861E-02

       8     -3.254970E-01     -6.473355E-01      6.023889E-01
             -8.951303E-02      5.902537E-02      3.261057E-02

       9     -3.524642E-01     -9.197059E-01      1.000000E+00
             -1.130125E-01      5.946808E-02      2.907994E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11      4.454183E-03      2.375551E-03     -2.916318E-03
             -1.418746E-03      9.471243E-03     -8.310758E-04

      12     -2.751979E-05      3.106128E-03      2.800056E-02
              3.463282E-03      7.558374E-03      1.290022E-03

      13     -4.307486E-03      2.625860E-03      6.867605E-02
              5.447586E-05      5.833468E-03     -6.584568E-04

      14      1.155599E-04      7.690086E-03      9.028046E-02
             -5.286305E-03      8.513383E-03     -1.053983E-03

      15      5.705648E-03      1.542725E-02      1.062792E-01
             -1.923876E-02      1.686191E-02     -9.200865E-04

      16      3.855688E-03      1.257620E-02      1.606142E-01
             -4.479486E-02      3.225943E-02      1.981670E-03

      17     -5.275552E-03     -1.711281E-02      3.204189E-01
             -8.519546E-02      4.700227E-02      5.718000E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   27
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.513508E-01
                                 EIGENVALUE     =  9.043346E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3
468 Design Examples Manual November 2009 GENESIS



      18     -1.100818E-02     -7.506974E-02      6.500655E-01
             -1.194851E-01      5.196092E-02      8.420072E-03

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20      4.262255E-05     -3.691132E-03      1.055412E-02
              2.440234E-03     -6.785950E-03     -3.675154E-05

      21     -7.247763E-04     -7.106291E-03      3.887982E-02
              8.487499E-03     -9.906646E-03      1.029675E-04

      22     -4.383845E-04     -9.310685E-03      7.688636E-02
              1.267186E-02     -1.313952E-02     -1.926315E-04

      23      6.624799E-03     -4.890910E-03      1.004570E-01
              1.982019E-02     -1.878389E-02     -1.526583E-03

      24      2.440441E-02      1.668633E-02      7.861242E-02
              2.168710E-02     -2.113368E-02     -4.110613E-03

      25      5.141108E-02      6.779289E-02     -6.551996E-03
              1.160426E-02     -1.627187E-02     -7.475655E-03

      26      7.794225E-02      1.553972E-01     -1.271532E-01
             -2.812746E-02     -4.534195E-03     -1.104385E-02

      27      9.038712E-02      2.797915E-01     -2.065798E-01
             -8.517501E-02     -5.621300E-04     -1.410939E-02

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -7.654953E-03      1.529069E-03     -6.228568E-03
             -2.497742E-03      1.772402E-02      9.297880E-04

      30      1.595147E-03      5.744026E-03      5.535100E-02
              2.111189E-03      2.262721E-02     -3.204226E-03

      31      4.907226E-02      3.167362E-02      2.306886E-01
              2.063289E-02      1.517548E-03     -6.767518E-03

      32      1.164723E-01      8.671330E-02      4.442650E-01
              5.184133E-02     -2.997206E-02     -8.764899E-03

      33      1.719185E-01      1.529020E-01      5.490922E-01
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              7.961591E-02     -5.398169E-02     -6.533939E-03

      34      1.964985E-01      1.969783E-01      4.157576E-01
              8.114697E-02     -5.921277E-02     -2.221152E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   28
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.513508E-01
                                 EIGENVALUE     =  9.043346E-01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      1.954988E-01      1.923896E-01      1.563712E-02
              5.112218E-02     -5.574844E-02      3.222136E-03

      36      1.888837E-01      1.250605E-01     -5.799692E-01
             -7.303390E-03     -5.548621E-02      9.193323E-03

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -2.141996E-01     -2.234317E-02     -9.182378E-02
             -1.048871E-02      3.798936E-02      1.536665E-02

      39     -3.128491E-01     -5.254881E-02     -7.412144E-02
             -1.417669E-02      6.528713E-02     -5.596245E-03

      40     -7.433678E-02      7.518730E-02      1.982405E-01
              4.443051E-03      3.917122E-02     -2.674505E-02

      41      3.115162E-01      3.922778E-01      5.908520E-01
              4.726911E-02     -1.341677E-02     -3.326084E-02

      42      5.978102E-01      7.418405E-01      8.498768E-01
              9.241373E-02     -5.665985E-02     -2.071106E-02

      43      6.608337E-01      8.601598E-01      7.430842E-01
              1.049752E-01     -7.146175E-02      1.993736E-03

      44      6.029045E-01      6.686683E-01      2.419536E-01
              7.984635E-02     -6.847040E-02      1.998235E-02
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      45      5.618724E-01      2.492558E-01     -5.285762E-01
              3.076925E-02     -6.522149E-02      3.068852E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   29
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.168784E-01
                                 EIGENVALUE     =  1.856916E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -1.639640E-01     -1.644764E-02      6.738470E-02
              1.559383E-03      3.507115E-02      1.246671E-02

       3     -1.213621E-01     -4.240517E-03      8.267202E-02
             -9.436668E-03      2.027768E-02     -1.229354E-02

       4     -2.852785E-02      4.473910E-02      9.438343E-02
              8.249766E-03     -6.026737E-03     -7.548972E-03

       5      1.661484E-02      8.125012E-02      1.193765E-01
              1.784180E-02     -1.517930E-02     -6.229017E-03

       6      7.593384E-02      1.532857E-01      1.088765E-01
              2.916404E-02     -2.548245E-02     -1.491140E-02

       7      1.720787E-01      3.330124E-01      1.374913E-02
              5.225795E-02     -4.183837E-02     -2.905712E-02

       8      2.655482E-01      6.407460E-01     -2.049105E-01
              8.649605E-02     -5.233007E-02     -3.874895E-02

       9      3.012721E-01      1.000000E+00     -5.656237E-01
              1.084983E-01     -5.416692E-02     -4.119867E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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      11      3.834079E-03      1.862076E-03     -2.338413E-03
             -1.308056E-03      1.035785E-02     -5.930177E-04

      12     -5.357155E-03      6.242753E-04      3.748018E-02
              4.807066E-03      9.631205E-03      2.448100E-03

      13     -1.939007E-02     -5.574190E-03      1.027998E-01
              3.289009E-03      7.535717E-03      8.635860E-04

      14     -2.402137E-02     -8.416270E-03      1.575259E-01
              4.668242E-03      2.994913E-03      2.392960E-04

      15     -1.676856E-02      9.179221E-04      1.826716E-01
              8.283732E-03     -5.915308E-03     -3.005017E-03

      16     -7.836144E-05      3.234811E-02      1.561029E-01
              2.509107E-02     -1.907987E-02     -5.337304E-03

      17      2.056670E-02      1.011831E-01      3.411536E-02
              6.010359E-02     -3.696692E-02     -1.161766E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   30
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.168784E-01
                                 EIGENVALUE     =  1.856916E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      3.171465E-02      2.172919E-01     -2.413484E-01
              9.667234E-02     -4.394762E-02     -1.582272E-02

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20     -1.501404E-04     -3.373877E-03      9.783599E-03
              2.142327E-03     -5.324876E-03      1.045750E-04

      21     -1.526092E-03     -6.613554E-03      3.562422E-02
              5.924412E-03     -3.296457E-03      1.906415E-04

      22     -2.890174E-03     -9.455128E-03      7.488748E-02
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              4.287702E-03      1.550804E-03      2.102921E-04

      23     -8.626886E-04     -9.007983E-03      1.188952E-01
              7.351293E-04      6.809801E-03     -5.895637E-04

      24      4.952362E-03     -1.927849E-03      1.592113E-01
             -6.692003E-03      8.663335E-03     -1.202051E-03

      25      1.134971E-02      1.060834E-02      1.939716E-01
             -1.349814E-02      1.026474E-02     -1.521517E-03

      26      1.325526E-02      1.573600E-02      2.397768E-01
             -6.986746E-03      5.521298E-03      5.073122E-04

      27      1.187386E-02     -5.806957E-03      2.974639E-01
              1.938476E-02      4.768575E-03      3.861011E-03

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29     -7.553364E-03      1.621460E-03     -6.240323E-03
             -2.131895E-03      1.272582E-02      1.051984E-03

      30     -8.859132E-03      2.844802E-03      2.755931E-02
              3.413376E-04      1.447118E-02     -1.117962E-03

      31      5.670467E-03      1.156412E-02      1.198021E-01
              1.100636E-02     -8.745719E-04     -1.961777E-03

      32      1.823529E-02      2.216263E-02      2.047390E-01
              2.311287E-02     -1.715713E-02     -8.197127E-04

      33      1.117615E-02      1.270161E-02      1.960069E-01
              1.907268E-02     -1.968189E-02      3.076821E-03

      34     -1.207938E-02     -3.217655E-02      7.704814E-02
             -1.519917E-02     -6.442153E-03      6.104320E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   31
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        4      FREQUENCY (HZ) =  2.168784E-01
                                 EIGENVALUE     =  1.856916E+00
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 GRID ID            T1                T2                T3
                    R1                R2                R3

      35     -3.028554E-02     -9.258116E-02     -3.754866E-02
             -6.547118E-02      9.670865E-03      5.204949E-03

      36     -3.286871E-02     -1.176941E-01      2.746982E-02
             -8.723091E-02      1.707428E-02     -8.532639E-04

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -1.409118E-01     -1.518691E-02     -6.153454E-02
             -6.729765E-03      2.312374E-02      9.692067E-03

      39     -1.828465E-01     -2.849145E-02     -4.388919E-02
             -6.173634E-03      3.441313E-02     -5.346515E-03

      40     -6.961611E-03      6.522816E-02      1.278549E-01
              1.075073E-02      8.094683E-03     -1.630861E-02

      41      1.886408E-01      2.254923E-01      3.141673E-01
              3.716385E-02     -2.687177E-02     -1.119511E-02

      42      2.083466E-01      2.494643E-01      3.228363E-01
              4.311603E-02     -3.978326E-02      1.076001E-02

      43      3.139826E-02     -8.154755E-02      6.499074E-02
             -5.593785E-03     -2.037183E-02      3.275744E-02

      44     -1.293120E-01     -6.110161E-01     -2.560727E-01
             -8.302583E-02      4.048746E-03      2.952649E-02

      45     -1.644069E-01     -9.623235E-01     -3.224186E-01
             -1.314933E-01      1.125707E-02      1.723524E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   32
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.665374E-01
                                 EIGENVALUE     =  2.804634E+00
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 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2     -2.572651E-01     -2.419810E-02      1.083767E-01
              2.608249E-03      4.604438E-02      1.662415E-02

       3     -1.339098E-01      1.212487E-02      1.102783E-01
             -4.739132E-03     -1.267373E-03     -2.298803E-02

       4     -8.876291E-03      7.729854E-02      1.194785E-01
              3.340008E-02     -3.993889E-02     -3.562506E-03

       5     -3.598178E-02      5.342237E-02      1.765552E-01
              3.533315E-02     -2.615686E-02      4.727124E-03

       6     -4.469739E-02      4.166587E-02      2.133922E-01
              2.081519E-02     -1.100776E-02     -7.449267E-03

       7      2.352759E-02      1.686075E-01      1.935420E-01
              1.956963E-02     -1.560454E-02     -2.801510E-02

       8      1.156985E-01      4.722718E-01      1.034602E-01
              4.386768E-02     -2.229800E-02     -4.076436E-02

       9      1.509534E-01      8.274539E-01     -4.116051E-02
              5.267428E-02     -2.033816E-02     -4.134580E-02

      10      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      11     -7.085974E-03     -1.279377E-03      4.869524E-03
             -1.251265E-03      2.271446E-02      1.365248E-03

      12     -4.105531E-02     -9.349886E-03      7.811530E-02
              3.434789E-03      2.583024E-02      5.394860E-03

      13     -6.073035E-02     -1.677203E-02      1.589619E-01
             -1.140053E-02      2.831807E-02     -1.332403E-03

      14     -3.976107E-02      3.303206E-03      1.922941E-01
             -2.542280E-02      2.885397E-02     -5.702983E-03

      15      7.987022E-03      6.356895E-02      1.937037E-01
             -3.464745E-02      2.143976E-02     -1.194730E-02
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      16      5.987246E-02      1.617505E-01      1.903844E-01
             -2.754530E-02      1.126261E-02     -1.394419E-02

      17      1.005016E-01      2.959150E-01      1.763473E-01
             -2.205845E-03     -5.444103E-03     -1.890266E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   33
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.665374E-01
                                 EIGENVALUE     =  2.804634E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18      1.176601E-01      4.699661E-01      1.068927E-01
              2.840307E-02     -1.298971E-02     -2.161293E-02

      19      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      20      2.804761E-03      5.752219E-03     -2.257418E-02
             -2.195021E-03     -1.041796E-02     -6.822207E-04

      21      1.422182E-02      1.046877E-02     -6.419450E-02
             -2.978683E-03      1.614955E-03     -2.265690E-03

      22      4.368366E-02      2.563587E-02     -1.080202E-01
             -1.302998E-02      1.046966E-02     -4.938824E-03

      23      9.157751E-02      6.396917E-02     -1.359547E-01
             -1.494207E-02      1.430094E-02     -7.693424E-03

      24      1.467210E-01      1.303794E-01     -1.264963E-01
             -1.845831E-02      1.515332E-02     -9.665957E-03

      25      1.945711E-01      2.195875E-01     -6.311581E-02
             -1.606826E-02      1.767249E-02     -1.070278E-02

      26      2.260144E-01      3.239761E-01      5.066087E-02
             -1.485334E-02      1.614560E-02     -1.109965E-02
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      27      2.368438E-01      4.352342E-01      1.909652E-01
             -8.421182E-03      1.467843E-02     -1.109686E-02

      28      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      29      2.383945E-02     -6.003989E-03      2.174939E-02
              3.522308E-03      1.295899E-04     -3.581725E-03

      30      8.534535E-02      8.494543E-03      9.205664E-02
              2.029972E-02     -3.658648E-02     -7.364742E-03

      31      1.310782E-01      3.070459E-02      7.363337E-02
              2.093974E-02     -4.678880E-02     -2.233920E-03

      32      1.533550E-01      4.738798E-02     -5.931684E-02
              6.063510E-03     -2.322411E-02     -2.912655E-03

      33      1.794723E-01      7.790751E-02     -1.876215E-01
             -1.886160E-02      4.347416E-03     -4.345825E-03

      34      2.197026E-01      1.517369E-01     -1.914134E-01
             -2.859993E-02      2.005753E-02     -1.036014E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   34
TEST PROBLEM FOR ASET                                                   
                                                                        
GUYAN                                                        LOADCASE         2
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        5      FREQUENCY (HZ) =  2.665374E-01
                                 EIGENVALUE     =  2.804634E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      2.600736E-01      2.823445E-01     -3.187276E-02
             -1.014403E-02      2.108223E-02     -1.346776E-02

      36      2.759040E-01      4.399732E-01      2.025113E-01
              3.292701E-02      1.825770E-02     -1.417962E-02

      37      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      38     -3.604561E-02      1.932162E-03     -2.618980E-03
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              4.984808E-03      1.811587E-02     -1.207121E-02

      39      3.545535E-01      1.226091E-01      2.130066E-01
              2.339360E-02     -3.339004E-02     -2.392936E-02

      40      4.550369E-01      1.772986E-01      2.188200E-01
              1.893016E-02     -4.600861E-02      7.212886E-03

      41      2.260268E-01     -9.611255E-03     -5.476678E-02
             -2.620722E-02     -3.273671E-03      2.015721E-02

      42      4.208215E-02     -2.324128E-01     -3.261401E-01
             -6.734105E-02      3.135662E-02      8.683439E-03

      43      2.909953E-02     -2.547048E-01     -3.771728E-01
             -8.056886E-02      4.076060E-02     -1.054013E-02

      44      1.346821E-01      9.625798E-02     -1.175957E-01
             -3.621845E-02      3.736805E-02     -4.423570E-02

      45      2.234938E-01      1.000000E+00      4.344780E-01
              9.788410E-02      3.129792E-02     -6.347991E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   35
TEST PROBLEM FOR ASET                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.504561E-02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     SHAPE      -2.000000E+00    0.000000E+00    2.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   36
TEST PROBLEM FOR ASET                                                   
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 CONSTRAINT

                        REDUCED FREQUENCY   
  --------------------------------------------------------------------------
-
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                 MODE         ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
                    1             2    3.504940E-02  LB   1.000000E-01   V

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   37
TEST PROBLEM FOR ASET                                                   
                                                                        

                       ****** SENSITIVITY TABLE ******
                              (DESIGN CYCLE  0)

----------------------------------------------------------------------------
---
   OBJECTIVE FUNCTION                                     VALUE= 3.50456E-02

 DESIGN VARIABLE        1  SHAPE   ;   SENSITIVITY = -1.34995E-03
----------------------------------------------------------------------------
---
  R. FREQUENCY  LOAD=       2     MODE=       1           VALUE= 3.50494E-02

 DESIGN VARIABLE        1  SHAPE   ;   SENSITIVITY = -1.35054E-03
----------------------------------------------------------------------------
---

                            ***** END OF OUTPUT *****
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2.40 Shape Design of a Plate Structure being Constrained on 
the Inertia Response

Example ID:
D040

Design Data Used:
DVAR, DVGRID, DRESP1, DCONS, DOBJ

Special Feature Used:
Uses DIAG=903 and PARAM, MSMOOTH, ON to perform mesh smoothing during each design 
cycle.

Problem Statement:
Maximize the fundamental frequency of the structure subjected to an inertia response constraint. 
Young’s modulus is 200 GPa,Poisson’s ratio is 0.25 and the mass density is 7.26 g/cm3.

Design Data Relationships:

DVGRID

DRESP1

DVAR

DOBJ, DCONS
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Problem Description:
The design variables control two different modes of shape on the structure’s boundary.  The opti-
mization was performed starting with an infeasible region.

.

Perturbation Vector 1

Fixed

Perturbation Vector 2

Fixed
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Results:
Initially, an inertia response constraint violated 7% of the specified value.  In the final design, fre-
quency is improved to 7.1237E-01 from 7.0466E-01 while the constraint is satisfied.

Optimized Shape
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2.40.1 Input Data

ID D040
DIAG=903
POST=PUNCH
CEND
TITLE=TEST PROBLEM FOR INERTIA RESPONSE
ECHO = NONE
LINE = *,80
LOADCASE        1
   LABEL=
   SPC    =       1
   METHOD =       1
   SVECTOR=ALL
   BASIS = POST
BEGIN BULK
$  --- DESIGN DATA ---
PARAM,GRDPNT,0
PARAM,MSMOOTH,ON
DOPT
+          BASIS       0
$
$   DESIGN VARIABLE DEFINISIONS
$
DVAR           1SHAPE1       .0 -.500000.5000000
DVAR           2SHAPE2       .0 -.500000.5000000
$
$   DESIGN VARIABLE TO SHAPE PERTURBATIONS
$
DVGRID         1     108                -.397611-.917554     .0
DVGRID         1     109                -.363344-.931655     .0
DVGRID         1     107                -.341905-.723257     .0
DVGRID         1     106                -.272042-.534783     .0
DVGRID         1     105                -.190513-.351717     .0
DVGRID         1     104                -.099303-.173606     .0
DVGRID         1     110                -.258955-.756930     .0
DVGRID         1     111                -.166527-.576428     .0
DVGRID         1     112                -.089441-.389872     .0
DVGRID         1     113                -.032078-.197411     .0
DVGRID         1     144                -.397459.9176199     .0
DVGRID         1     145                -.363166.9317245     .0
DVGRID         1     143                -.341808.7233032     .0
DVGRID         1     142                -.271988.5348107     .0
DVGRID         1     141                -.190490.3517295     .0
DVGRID         1     140                -.099297.1736091     .0
DVGRID         1     146                -.258792.7569852     .0
DVGRID         1     147                -.166397.5764651     .0
DVGRID         1     148                -.089355.3898918     .0
DVGRID         1     149                -.032042.1974166     .0
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DVGRID         2      16                -.514496-.857493     .0
DVGRID         2     114                -.086339-.996266     .0
DVGRID         2     104                -.397211-.694423     .0
DVGRID         2     113                -.128313-.789643     .0
DVGRID         2     105                -.285770-.527575     .0
DVGRID         2     112                -.134161-.584808     .0
DVGRID         2     106                -.181361-.356522     .0
DVGRID         2     111                -.111018-.384285     .0
DVGRID         2     107                -.085476-.180814     .0
DVGRID         2     110                -.064739-.189232     .0
DVGRID         2      20                -.514496.8574929     .0
DVGRID         2     140                -.397188.6944364     .0
DVGRID         2     141                -.285735.5275942     .0
DVGRID         2     142                -.181325.3565405     .0
DVGRID         2     143                -.085452.1808258     .0
DVGRID         2     146                -.064698.1892463     .0
DVGRID         2     147                -.110931.3843101     .0
DVGRID         2     148                -.134033.5848378     .0
DVGRID         2     149                -.128168.7896664     .0
DVGRID         2     150                -.086225.9962757     .0
$
$   DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$
DRESP1         2INER_RESINERTIA                       12
DRESP1         1FUND_F  FREQ           1
$
$   OBJECTIVE FUNCTION
$
DOBJ           1FUND_F         1   MAX
$
$   CONSTRAINTS
$
DCONS          2                12000.00
$
$  --- ANALYSIS DATA ---
$
$   ELEMENT AND PROPERTY DEFINISIONS
$
PSHELL         2       1.5000000       1               1                WRENCH
PSHELL         3       3.5000000       3               3                WRENCH
CQUAD4         1       2       1       5       6       2
CQUAD4         2       2       2       6       7       3
CQUAD4         3       2       3       7       8       4
CQUAD4         4       2       5       9      10       6
CQUAD4         5       2       6      10      11       7
CQUAD4         6       2       7      11      12       8
CQUAD4         7       2       9      13      14      10
CQUAD4         8       2      10      14      15      11
CQUAD4         9       2      11      15      16      12
CQUAD4        10       2      17      21      22      18
CQUAD4        11       2      18      22      23      19
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CQUAD4        12       2      19      23      24      20
CQUAD4        13       2      21      25      26      22
CQUAD4        14       2      22      26      27      23
CQUAD4        15       2      23      27      28      24
CQUAD4        16       2      25      29      30      26
CQUAD4        17       2      26      30      31      27
CQUAD4        18       2      27      31       4      28
CQUAD4        19       2      32      37      38      33
CQUAD4        20       2      33      38      39      34
CQUAD4        21       2      34      39      40      35
CQUAD4        22       2      35      40      41      36
CQUAD4        23       2      36      41       5       1
CQUAD4        24       2      37      42      43      38
CQUAD4        25       2      38      43      44      39
CQUAD4        26       2      39      44      45      40
CQUAD4        27       2      40      45      46      41
CQUAD4        28       2      41      46       9       5
CQUAD4        29       2      42      47      48      43
CQUAD4        30       2      43      48      49      44
CQUAD4        31       2      44      49      50      45
CQUAD4        32       2      45      50      51      46
CQUAD4        33       2      46      51      13       9
CQUAD4        34       2      47      42      56      52
CQUAD4        35       2      52      56      57      53
CQUAD4        36       2      53      57      58      54
CQUAD4        37       2      54      58      59      55
CQUAD4        38       2      55      59      21      17
CQUAD4        39       2      42      37      60      56
CQUAD4        40       2      56      60      61      57
CQUAD4        41       2      57      61      62      58
CQUAD4        42       2      58      62      63      59
CQUAD4        43       2      59      63      25      21
CQUAD4        44       2      37      32      64      60
CQUAD4        45       2      60      64      65      61
CQUAD4        46       2      61      65      66      62
CQUAD4        47       2      62      66      67      63
CQUAD4        48       2      63      67      29      25
CQUAD4        49       2       4       8      80      68
CQUAD4        50       2      68      80      81      69
CQUAD4        51       2      69      81      82      70
CQUAD4        52       2      70      82      83      71
CQUAD4        53       2      71      83      84      72
CQUAD4        54       2      72      84      85      73
CQUAD4        55       2      73      85      86      74
CQUAD4        56       2      74      86      87      75
CQUAD4        57       2      75      87      88      76
CQUAD4        58       2      76      88      89      77
CQUAD4        59       2      77      89      90      78
CQUAD4        60       2      78      90      91      79
CQUAD4        61       2       8      12      92      80
CQUAD4        62       2      80      92      93      81
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CQUAD4        63       2      81      93      94      82
CQUAD4        64       2      82      94      95      83
CQUAD4        65       2      83      95      96      84
CQUAD4        66       2      84      96      97      85
CQUAD4        67       2      85      97      98      86
CQUAD4        68       2      86      98      99      87
CQUAD4        69       2      87      99     100      88
CQUAD4        70       2      88     100     101      89
CQUAD4        71       2      89     101     102      90
CQUAD4        72       2      90     102     103      91
CQUAD4        73       2      12      16     104      92
CQUAD4        74       2      92     104     105      93
CQUAD4        75       2      93     105     106      94
CQUAD4        76       2      94     106     107      95
CQUAD4        77       2      95     107     108      96
CQUAD4        78       2      96     108     109      97
CQUAD4        79       2      97     109     110      98
CQUAD4        80       2      98     110     111      99
CQUAD4        81       2      99     111     112     100
CQUAD4        82       2     100     112     113     101
CQUAD4        83       2     101     113     114     102
CQUAD4        84       2     102     114     115     103
CQUAD4        85       2       4      28     116      68
CQUAD4        86       2      68     116     117      69
CQUAD4        87       2      69     117     118      70
CQUAD4        88       2      70     118     119      71
CQUAD4        89       2      71     119     120      72
CQUAD4        90       2      72     120     121      73
CQUAD4        91       2      73     121     122      74
CQUAD4        92       2      74     122     123      75
CQUAD4        93       2      75     123     124      76
CQUAD4        94       2      76     124     125      77
CQUAD4        95       2      77     125     126      78
CQUAD4        96       2      78     126     127      79
CQUAD4        97       2      28      24     128     116
CQUAD4        98       2     116     128     129     117
CQUAD4        99       2     117     129     130     118
CQUAD4       100       2     118     130     131     119
CQUAD4       101       2     119     131     132     120
CQUAD4       102       2     120     132     133     121
CQUAD4       103       2     121     133     134     122
CQUAD4       104       2     122     134     135     123
CQUAD4       105       2     123     135     136     124
CQUAD4       106       2     124     136     137     125
CQUAD4       107       2     125     137     138     126
CQUAD4       108       2     126     138     139     127
CQUAD4       109       2      24      20     140     128
CQUAD4       110       2     128     140     141     129
CQUAD4       111       2     129     141     142     130
CQUAD4       112       2     130     142     143     131
CQUAD4       113       2     131     143     144     132
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CQUAD4       114       2     132     144     145     133
CQUAD4       115       2     133     145     146     134
CQUAD4       116       2     134     146     147     135
CQUAD4       117       2     135     147     148     136
CQUAD4       118       2     136     148     149     137
CQUAD4       119       2     137     149     150     138
CQUAD4       120       2     138     150     151     139
CQUAD4       121       2      79      91     155     152
CQUAD4       122       3     152     155     156     153
CQUAD4       123       3     153     156     157     154
CQUAD4       124       2      91     103     158     155
CQUAD4       125       3     155     158     159     156
CQUAD4       126       3     156     159     160     157
CQUAD4       127       2     103     115     161     158
CQUAD4       128       3     158     161     162     159
CQUAD4       130       2     151     139     167     164
CQUAD4       131       3     164     167     168     165
CQUAD4       133       2     139     127     170     167
CQUAD4       134       3     167     170     171     168
CQUAD4       135       3     168     171     172     169
CQUAD4       136       2     127      79     152     170
CQUAD4       137       3     170     152     153     171
CQUAD4       138       3     171     153     154     172
CTRIA3       140       3     160     159     163
CTRIA3       141       3     159     162     163
CTRIA3       142       3     165     168     166
CTRIA3       143       3     168     169     166
CONM2        139     152           3.801                                WRENCH
$
$   MATERIAL DATA
$
MAT1           1.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00STELL
MAT1           3.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00BEAM
$
$   GRID DATA
$
GRID           1            .000    .800    .000
GRID           2            .397    .694    .000
GRID           3            .690    .405    .000
GRID           4            .806    .000    .000
GRID           5            .000   1.200    .000
GRID           6            .487   1.130    .000
GRID           7            .904    .937    .000
GRID           8           1.204    .673    .000
GRID           9            .000   1.600    .000
GRID          10            .577   1.565    .000
GRID          11           1.119   1.468    .000
GRID          12           1.602   1.336    .000
GRID          13            .000   2.000    .000
GRID          14            .667   2.000    .000
GRID          15           1.333   2.000    .000
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GRID          16           2.000   2.000    .000
GRID          17            .000  -2.000    .000
GRID          18            .667  -2.000    .000
GRID          19           1.333  -2.000    .000
GRID          20           2.000  -2.000    .000
GRID          21            .000  -1.600    .000
GRID          22            .577  -1.565    .000
GRID          23           1.119  -1.468    .000
GRID          24           1.602  -1.336    .000
GRID          25            .000  -1.200    .000
GRID          26            .487  -1.130    .000
GRID          27            .904   -.937    .000
GRID          28           1.204   -.673    .000
GRID          29            .000   -.800    .000
GRID          30            .397   -.694    .000
GRID          31            .690   -.405    .000
GRID          32           -.806    .000    .000
GRID          33           -.761    .247    .000
GRID          34           -.647    .470    .000
GRID          35           -.470    .647    .000
GRID          36           -.247    .761    .000
GRID          37          -1.205    .000    .000
GRID          38          -1.141    .371    .000
GRID          39           -.971    .705    .000
GRID          40           -.705    .971    .000
GRID          41           -.371   1.141    .000
GRID          42          -1.604    .000    .000
GRID          43          -1.522    .494    .000
GRID          44          -1.294    .940    .000
GRID          45           -.941   1.294    .000
GRID          46           -.494   1.522    .000
GRID          47          -2.003    .000    .000
GRID          48          -1.902    .618    .000
GRID          49          -1.618   1.175    .000
GRID          50          -1.176   1.618    .000
GRID          51           -.618   1.902    .000
GRID          52          -1.941   -.483    .000
GRID          53          -1.678  -1.089    .000
GRID          54          -1.232  -1.576    .000
GRID          55           -.651  -1.891    .000
GRID          56          -1.558   -.357    .000
GRID          57          -1.354   -.852    .000
GRID          58           -.997  -1.251    .000
GRID          59           -.528  -1.510    .000
GRID          60          -1.176   -.231    .000
GRID          61          -1.029   -.615    .000
GRID          62           -.762   -.926    .000
GRID          63           -.405  -1.130    .000
GRID          64           -.793   -.105    .000
GRID          65           -.705   -.377    .000
GRID          66           -.527   -.602    .000
488 Design Examples Manual November 2009 GENESIS



GRID          67           -.281   -.749    .000
GRID          68           1.900    .000    .000
GRID          69           3.000    .000    .000
GRID          70           4.100    .000    .000
GRID          71           5.200    .000    .000
GRID          72           6.300    .000    .000
GRID          73           7.400    .000    .000
GRID          74           8.500    .000    .000
GRID          75           9.600    .000    .000
GRID          76          10.700    .000    .000
GRID          77          11.800    .000    .000
GRID          78          12.900    .000    .000
GRID          79          14.000    .000    .000
GRID          80           2.267    .641    .000
GRID          81           3.333    .615    .000
GRID          82           4.400    .590    .000
GRID          83           5.467    .564    .000
GRID          84           6.533    .538    .000
GRID          85           7.600    .513    .000
GRID          86           8.667    .487    .000
GRID          87           9.733    .462    .000
GRID          88          10.800    .436    .000
GRID          89          11.867    .410    .000
GRID          90          12.933    .385    .000
GRID          91          14.000    .359    .000
GRID          92           2.633   1.282    .000
GRID          93           3.667   1.231    .000
GRID          94           4.700   1.179    .000
GRID          95           5.733   1.128    .000
GRID          96           6.767   1.077    .000
GRID          97           7.800   1.026    .000
GRID          98           8.833    .974    .000
GRID          99           9.867    .923    .000
GRID         100          10.900    .872    .000
GRID         101          11.933    .821    .000
GRID         102          12.967    .769    .000
GRID         103          14.000    .718    .000
GRID         104           3.000   1.923    .000
GRID         105           4.000   1.846    .000
GRID         106           5.000   1.769    .000
GRID         107           6.000   1.692    .000
GRID         108           7.000   1.615    .000
GRID         109           8.000   1.538    .000
GRID         110           9.000   1.462    .000
GRID         111          10.000   1.385    .000
GRID         112          11.000   1.308    .000
GRID         113          12.000   1.231    .000
GRID         114          13.000   1.154    .000
GRID         115          14.000   1.077    .000
GRID         116           2.267   -.641    .000
GRID         117           3.333   -.615    .000
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GRID         118           4.400   -.590    .000
GRID         119           5.467   -.564    .000
GRID         120           6.533   -.539    .000
GRID         121           7.600   -.513    .000
GRID         122           8.667   -.488    .000
GRID         123           9.733   -.462    .000
GRID         124          10.800   -.436    .000
GRID         125          11.867   -.411    .000
GRID         126          12.933   -.385    .000
GRID         127          14.000   -.360    .000
GRID         128           2.633  -1.282    .000
GRID         129           3.667  -1.231    .000
GRID         130           4.700  -1.180    .000
GRID         131           5.733  -1.129    .000
GRID         132           6.767  -1.077    .000
GRID         133           7.800  -1.026    .000
GRID         134           8.833   -.975    .000
GRID         135           9.867   -.924    .000
GRID         136          10.900   -.873    .000
GRID         137          11.933   -.821    .000
GRID         138          12.967   -.770    .000
GRID         139          14.000   -.719    .000
GRID         140           3.000  -1.923    .000
GRID         141           4.000  -1.846    .000
GRID         142           5.000  -1.770    .000
GRID         143           6.000  -1.693    .000
GRID         144           7.000  -1.616    .000
GRID         145           8.000  -1.539    .000
GRID         146           9.000  -1.463    .000
GRID         147          10.000  -1.386    .000
GRID         148          11.000  -1.309    .000
GRID         149          12.000  -1.232    .000
GRID         150          13.000  -1.155    .000
GRID         151          14.000  -1.079    .000
GRID         152          14.668    .000    .000
GRID         153          15.336    .000    .000
GRID         154          16.005    .000    .000
GRID         155          14.655    .334    .000
GRID         156          15.310    .309    .000
GRID         157          15.963    .270    .000
GRID         158          14.585    .709    .000
GRID         159          15.171    .699    .000
GRID         160          15.751    .660    .000
GRID         161          14.467   1.041    .000
GRID         162          14.934   1.005    .000
GRID         163          15.393    .925    .000
GRID         164          14.513  -1.039    .000
GRID         165          15.026  -1.000    .000
GRID         166          15.292   -.956    .000
GRID         167          14.608   -.731    .000
GRID         168          15.217   -.742    .000
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GRID         169          15.660   -.751    .000
GRID         170          14.665   -.377    .000
GRID         171          15.329   -.395    .000
GRID         172          15.911   -.412    .000
$
$    BOUNDARY CONDITIONS
$
SPC            1       1  123456     0.0
SPC            1       2  123456     0.0
SPC            1       3  123456     0.0
SPC            1       4  123456     0.0
SPC            1      29  123456     0.0
SPC            1      30  123456     0.0
SPC            1      31  123456     0.0
SPC            1      32  123456     0.0
SPC            1      33  123456     0.0
SPC            1      34  123456     0.0
SPC            1      35  123456     0.0
SPC            1      36  123456     0.0
SPC            1      64  123456     0.0
SPC            1      65  123456     0.0
SPC            1      66  123456     0.0
SPC            1      67  123456     0.0
$
$    FREQUENCY DEFINISION
$
EIGR           1SUB                                    1MAX
ENDDATA
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2.40.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
TEST PROBLEM FOR INERTIA RESPONSE                                       
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===== START MESH SMOOTHING FOR PID =       2
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== END MESH SMOOTHING FOR PID =       2
===== FE MESH HAS BEEN IMPROVED & CHANGED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

===== START MESH SMOOTHING FOR PID =       3
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== END MESH SMOOTHING FOR PID =       3
===== FE MESH HAS BEEN IMPROVED & CHANGED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    3
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

PROJECT NAME: D040                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    172
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:        136
                  NUMBER OF CTRIA3->PSHELL ELEMENTS:          4
                  NUMBER OF CONM2 ELEMENTS:                   1
                  TOTAL NUMBER OF NON RIGID ELEMENTS:       141
                  NUMBER OF ELEMENT PROPERTIES:               2
                  NUMBER OF MATERIALS:                        2
                  NUMBER OF DEGREES OF FREEDOM:             936

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       2
                 TOTAL NUMBER OF DESIGN VARIABLES:             2
                 NUMBER OF SHAPE DESIGN VARIABLES:             2
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                 NUMBER OF DIRECT RESPONSES:                   2
                 NUMBER OF CONSTRAINTS:                        2

                              LOAD CASES SUMMARY

                 NUMBER OF FREQUENCY LOAD CASES:               1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  112
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      6 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  113
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

                  R I G I D   B O D Y   M A S S   M A T R I X
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                          A T   G R D P N T  =        0

      MX          MXY          MXZ         MTR11         MTR12       MTR13
      MYX         MY           MYZ         MTR21         MTR22       MTR23
      MZX         MZY          MZ          MTR31         MTR32       MTR33
     MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
     MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
     MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 

  1.84934E+02  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00  4.86304E-02
  0.00000E+00  1.84934E+02  0.00000E+00  0.00000E+00  0.00000E+00  1.16953E+03
  0.00000E+00  0.00000E+00  1.84934E+02 -4.86304E-02 -1.16953E+03  0.00000E+00
  0.00000E+00  0.00000E+00 -4.86304E-02  1.57769E+02  6.70185E-01  0.00000E+00
  0.00000E+00  0.00000E+00 -1.16953E+03  6.70185E-01  1.17484E+04  0.00000E+00
  4.86304E-02  1.16953E+03  0.00000E+00  0.00000E+00  0.00000E+00  1.19062E+04
 

                     P R I N C I P A L   I N E R T I A S 
                         A T   G R D P N T  =       0

                      I1             I2             I3
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                 1.190620E+04   1.174843E+04   1.577687E+02
 

             P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                         A T   G R D P N T   =       0

                      X1             X2             X3
                      Y1             Y2             Y3
                      Z1             Z2             Z3

                 0.000000E+00   5.782112E-05  -1.000000E+00
                 0.000000E+00   1.000000E+00   5.782112E-05
                 1.000000E+00   0.000000E+00   0.000000E+00
 

                      C E N T E R   O F   G R A V I T Y 
            W I T H   R E S P E C T   T O   G R D P N T  =       0
    DIRECTION
MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

       X         1.849337E+02   0.000000E+00  -2.629614E-04   0.000000E+00
       Y         1.849337E+02   6.324060E+00   0.000000E+00   0.000000E+00
       Z         1.849337E+02   6.324060E+00  -2.629614E-04   0.000000E+00
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  114
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

                        S Y S T E M   I N E R T I A S 
             I N   B A S I C   C O O R D I N A T E   S Y S T E M
                   A T   C E N T E R   O F   G R A V I T Y

                      IXX            IXY            IXZ
                      IYX            IYY            IYZ
                      IZX            IZY            IZZ

                 1.577688E+02  -3.626434E-01   0.000000E+00
                -3.626434E-01   4.352242E+03   0.000000E+00
                 0.000000E+00   0.000000E+00   4.510011E+03
 

                     P R I N C I P A L   I N E R T I A S 
                   A T   C E N T E R   O F   G R A V I T Y

                      I1             I2             I3
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                 4.510011E+03   4.352242E+03   1.577687E+02
 

             P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                   A T   C E N T E R   O F   G R A V I T Y

                      X1             X2             X3
                      Y1             Y2             Y3
                      Z1             Z2             Z3

                 0.000000E+00   8.645742E-05  -1.000000E+00
                 0.000000E+00   1.000000E+00   8.645742E-05
                 1.000000E+00   0.000000E+00   0.000000E+00
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  115
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1

                          E I G E N V A L U E S

                                                    GENERALIZED   GENERALIZED
  MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       1  7.123736E-01  2.003436E+01  4.475976E+00  3.029440E+01  6.069289E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  116
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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       4      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       5      1.364530E-10     -1.958962E-11     -3.940051E-04
             -8.371138E-04     -7.192504E-04     -1.149958E-10

       6      1.645161E-10     -7.453057E-11      2.005920E-04
             -3.100538E-04     -2.976597E-03     -2.270794E-10

       7      1.800703E-10     -1.559101E-10      2.493620E-03
              2.986651E-04     -7.871700E-03     -1.623869E-10

       8      1.607384E-10     -3.217284E-10      9.580677E-03
              1.451375E-04     -1.619470E-02     -4.082388E-10

       9      2.281854E-10     -2.819416E-11     -9.075623E-04
             -1.288377E-03     -9.153337E-04     -2.220182E-10

      10      2.791597E-10     -1.199266E-10      2.753034E-04
             -9.609602E-04     -3.821808E-03     -1.218221E-10

      11      3.272801E-10     -2.211144E-10      3.912818E-03
             -7.668786E-04     -9.423507E-03     -2.821044E-10

      12      3.942477E-10     -4.249280E-10      1.394375E-02
             -1.192543E-03     -1.840640E-02     -2.953862E-10

      13      2.864067E-10     -2.114687E-11     -1.614141E-03
             -1.586087E-03     -6.870300E-04     -9.140689E-11

      14      3.614974E-10     -1.210960E-10     -5.686125E-04
             -1.741448E-03     -3.626358E-03     -2.606159E-10

      15      4.379578E-10     -2.576364E-10      3.180440E-03
             -2.176078E-03     -7.816193E-03     -9.696843E-11

      16      4.739896E-10     -3.597264E-10      9.081082E-03
             -2.129011E-03     -1.400576E-02     -2.962267E-10

      17     -2.869333E-10     -2.079975E-11     -1.629279E-03
              1.602229E-03     -6.895900E-04     -9.341646E-11
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                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18     -3.620316E-10     -1.210440E-10     -5.791926E-04
              1.754850E-03     -3.635080E-03     -2.603201E-10

      19     -4.382166E-10     -2.576815E-10      3.174209E-03
              2.182708E-03     -7.818429E-03     -9.782859E-11

      20     -4.740945E-10     -3.597915E-10      9.077124E-03
              2.133158E-03     -1.400576E-02     -2.959185E-10

      21     -2.255625E-10     -2.499579E-11     -9.212185E-04
              1.303457E-03     -8.470438E-04     -2.182306E-10

      22     -2.779190E-10     -1.179534E-10      2.364069E-04
              9.671992E-04     -3.757417E-03     -1.234223E-10

      23     -3.269760E-10     -2.203595E-10      3.876839E-03
              7.703601E-04     -9.385026E-03     -2.814147E-10

      24     -3.942441E-10     -4.243914E-10      1.391356E-02
              1.194312E-03     -1.838635E-02     -2.950325E-10

      25     -1.333885E-10     -1.697410E-11     -3.967936E-04
              8.468193E-04     -6.591199E-04     -1.209380E-10

      26     -1.637626E-10     -7.330812E-11      1.802097E-04
              3.254221E-04     -2.919199E-03     -2.258730E-10

      27     -1.800341E-10     -1.553604E-10      2.474961E-03
             -2.940680E-04     -7.842884E-03     -1.623251E-10

      28     -1.609139E-10     -3.214300E-10      9.565360E-03
             -1.425867E-04     -1.618201E-02     -4.080993E-10

      29      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      30      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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      31      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      32      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      33      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      34      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00
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EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      36      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      37      2.039937E-12      6.907122E-11      4.263326E-05
             -1.426842E-05      8.288176E-05     -9.448556E-11

      38      2.543752E-11      6.391882E-11      8.358629E-06
             -1.994782E-04      6.190804E-05     -8.729341E-11

      39      5.025650E-11      5.728171E-11     -8.473337E-05
             -4.473196E-04      4.195157E-05     -1.116740E-10

      40      7.791118E-11      4.383737E-11     -2.354423E-04
             -7.431420E-04      3.185411E-05     -1.000732E-10

      41      1.085325E-10      1.984933E-11     -3.988028E-04
             -9.528465E-04     -8.100099E-05     -1.541905E-10
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      42      3.191451E-12      1.124973E-10      8.645799E-05
             -2.045668E-05      1.373165E-04     -8.520811E-11

      43      4.284744E-11      1.090936E-10      1.354220E-05
             -2.614204E-04      1.292051E-04     -1.121204E-10

      44      8.535688E-11      9.624447E-11     -1.942906E-04
             -5.869733E-04      1.335699E-04     -9.566331E-11

      45      1.311507E-10      7.181656E-11     -5.269402E-04
             -9.824916E-04      1.626637E-04     -1.460865E-10

      46      1.782802E-10      3.167821E-11     -8.781881E-04
             -1.297733E-03      5.130207E-05     -1.049534E-10

      47     -3.861011E-13      1.508641E-10      1.499092E-04
              2.509085E-06      1.838290E-04     -1.110648E-10

      48      5.431934E-11      1.457110E-10      4.487625E-05
             -2.482783E-04      1.773018E-04     -8.370920E-11

      49      1.114585E-10      1.302073E-10     -2.727087E-04
             -5.676903E-04      1.901978E-04     -1.238886E-10

      50      1.715704E-10      9.889958E-11     -7.934420E-04
             -9.619993E-04      2.080560E-04     -9.680889E-11

      51      2.300681E-10      4.809672E-11     -1.382574E-03
             -1.361487E-03      8.592598E-05     -1.671360E-10
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                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      52     -4.231196E-11      1.476935E-10      8.793522E-05
              1.853596E-04      1.844121E-04     -8.515562E-11

      53     -1.017119E-10      1.336586E-10     -2.058354E-04
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              5.090926E-04      1.869513E-04     -1.211634E-10

      54     -1.648846E-10      1.036833E-10     -7.331234E-04
              9.191399E-04      2.091248E-04     -9.535104E-11

      55     -2.271034E-10      5.199977E-11     -1.363645E-03
              1.345189E-03      1.038270E-04     -1.663425E-10

      56     -3.676241E-11      1.094710E-10      3.216322E-05
              2.212463E-04      1.331484E-04     -1.136938E-10

      57     -7.886497E-11      9.865961E-11     -1.554140E-04
              5.337804E-04      1.329786E-04     -9.261252E-11

      58     -1.248779E-10      7.510111E-11     -4.820750E-04
              9.398054E-04      1.600517E-04     -1.445389E-10

      59     -1.737420E-10      3.541920E-11     -8.546889E-04
              1.288891E-03      7.381222E-05     -1.067079E-10

      60     -2.117094E-11      6.611923E-11      1.843304E-05
              1.575114E-04      6.987265E-05     -7.831439E-11

      61     -4.405472E-11      5.766068E-11     -5.959412E-05
              3.886837E-04      4.489168E-05     -1.092339E-10

      62     -7.149523E-11      4.553592E-11     -2.032821E-04
              6.947468E-04      3.619022E-05     -9.744136E-11

      63     -1.028421E-10      2.263268E-11     -3.745370E-04
              9.369914E-04     -5.274075E-05     -1.495012E-10

      64      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      65      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      66      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      67      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      68     -1.313422E-13     -5.563570E-10      2.309029E-02
              1.495629E-06     -2.474405E-02     -4.670308E-10
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EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      69     -1.853443E-13     -1.193820E-09      6.103857E-02
              2.474697E-07     -3.776939E-02     -4.917513E-10

      70     -2.251090E-13     -1.905460E-09      1.076132E-01
             -6.154554E-07     -4.869249E-02     -7.388568E-10

      71     -2.852609E-13     -2.680220E-09      1.611948E-01
             -1.349216E-06     -5.738754E-02     -7.428010E-10

      72     -3.291085E-13     -3.498403E-09      2.200205E-01
             -1.661244E-06     -6.445921E-02     -8.922358E-10

      73     -3.679221E-13     -4.351492E-09      2.831315E-01
             -1.863966E-06     -7.027693E-02     -8.905699E-10

      74     -4.339732E-13     -5.245907E-09      3.505676E-01
             -2.047941E-06     -7.522783E-02     -1.003763E-09

      75     -6.468344E-13     -6.203832E-09      4.232721E-01
             -2.248823E-06     -7.960279E-02     -1.018227E-09

      76     -1.221778E-12     -7.265893E-09      5.030071E-01
             -2.374949E-06     -8.353412E-02     -1.126657E-09

      77     -2.831081E-12     -8.467880E-09      5.908952E-01
             -2.679935E-06     -8.699876E-02     -1.186572E-09

      78     -5.902638E-12     -9.829004E-09      6.860952E-01
             -3.339532E-06     -8.978812E-02     -1.312951E-09

      79     -1.346209E-11     -1.129681E-08      7.835421E-01
             -5.542095E-06     -9.143120E-02     -1.366022E-09

      80      2.106410E-10     -6.495901E-10      2.738120E-02
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             -4.998258E-04     -2.595936E-02     -3.569678E-10

      81      3.000246E-10     -1.232842E-09      6.286468E-02
             -1.080344E-03     -3.846129E-02     -6.389407E-10

      82      3.782886E-10     -1.936817E-09      1.090785E-01
             -1.137056E-03     -4.901250E-02     -6.496213E-10

      83      4.390014E-10     -2.714175E-09      1.630495E-01
             -1.071816E-03     -5.772071E-02     -8.290897E-10

      84      4.808921E-10     -3.539287E-09      2.224807E-01
             -9.546879E-04     -6.477393E-02     -8.295168E-10

      85      4.987431E-10     -4.397309E-09      2.860922E-01
             -8.333704E-04     -7.055275E-02     -9.532824E-10
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EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      86      4.923095E-10     -5.294902E-09      3.539594E-01
             -7.285346E-04     -7.547165E-02     -9.544899E-10

      87      4.668328E-10     -6.256560E-09      4.269708E-01
             -6.153358E-04     -7.981735E-02     -1.060217E-09

      88      4.315399E-10     -7.312011E-09      5.062613E-01
             -4.859304E-04     -8.368778E-02     -1.095452E-09

      89      4.027659E-10     -8.515556E-09      5.941403E-01
             -3.530749E-04     -8.710433E-02     -1.214590E-09

      90      3.975148E-10     -9.869181E-09      6.887415E-01
             -2.051321E-04     -8.985886E-02     -1.293397E-09

      91      4.234324E-10     -1.131474E-08      7.846161E-01
             -7.730240E-05     -9.144452E-02     -1.390436E-09
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      92      4.945478E-10     -7.875676E-10      3.363368E-02
             -1.716980E-03     -2.863137E-02     -5.588892E-10

      93      6.358494E-10     -1.322259E-09      6.650806E-02
             -2.147773E-03     -3.961572E-02     -5.608429E-10

      94      7.763336E-10     -2.014385E-09      1.125739E-01
             -2.278697E-03     -4.990299E-02     -7.598353E-10

      95      8.965169E-10     -2.810786E-09      1.682433E-01
             -2.114640E-03     -5.864803E-02     -7.725153E-10

      96      9.816652E-10     -3.660616E-09      2.298364E-01
             -1.868219E-03     -6.569321E-02     -9.114149E-10

      97      1.012479E-09     -4.533940E-09      2.950526E-01
             -1.630665E-03     -7.137164E-02     -9.034412E-10

      98      9.873981E-10     -5.446125E-09      3.644517E-01
             -1.403576E-03     -7.620071E-02     -1.007081E-09

      99      9.315232E-10     -6.425208E-09      4.390296E-01
             -1.146637E-03     -8.047917E-02     -1.026048E-09

     100      8.638279E-10     -7.485367E-09      5.184446E-01
             -8.740869E-04     -8.420376E-02     -1.140418E-09

     101      7.892822E-10     -8.641502E-09      6.028025E-01
             -6.234526E-04     -8.736197E-02     -1.188083E-09

     102      7.858871E-10     -1.004897E-08      7.006842E-01
             -3.275540E-04     -9.014571E-02     -1.335531E-09
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                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3
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     103      8.606737E-10     -1.142978E-08      7.918373E-01
             -9.966755E-05     -9.150458E-02     -1.381377E-09

     104      7.693873E-10     -7.984051E-10      3.188320E-02
             -3.125587E-03     -2.865963E-02     -4.519606E-10

     105      9.980678E-10     -1.398974E-09      6.834348E-02
             -3.562135E-03     -4.057427E-02     -6.749637E-10

     106      1.202503E-09     -2.116767E-09      1.166502E-01
             -3.464827E-03     -5.100671E-02     -7.023159E-10

     107      1.377227E-09     -2.940764E-09      1.749223E-01
             -3.087730E-03     -5.981614E-02     -8.735663E-10

     108      1.521398E-09     -3.846424E-09      2.411683E-01
             -2.691896E-03     -6.686574E-02     -8.722204E-10

     109      1.550285E-09     -4.771715E-09      3.110350E-01
             -2.314137E-03     -7.229421E-02     -9.726501E-10

     110      1.474731E-09     -5.716425E-09      3.836126E-01
             -1.887653E-03     -7.701903E-02     -9.792966E-10

     111      1.387197E-09     -6.735187E-09      4.611887E-01
             -1.454521E-03     -8.130275E-02     -1.099827E-09

     112      1.282097E-09     -7.834299E-09      5.434443E-01
             -1.050949E-03     -8.498452E-02     -1.129988E-09

     113      1.159303E-09     -9.036381E-09      6.301130E-01
             -6.707131E-04     -8.802825E-02     -1.272037E-09

     114      1.012822E-09     -1.035748E-08      7.210102E-01
             -2.967716E-04     -9.056408E-02     -1.383024E-09

     115      1.494097E-09     -1.179488E-08      8.154470E-01
             -1.229788E-04     -9.176797E-02     -1.406275E-09

     116     -2.108817E-10     -6.493390E-10      2.736590E-02
              5.017999E-04     -2.595269E-02     -3.568723E-10

     117     -3.003594E-10     -1.232739E-09      6.285904E-02
              1.081312E-03     -3.846134E-02     -6.388640E-10

     118     -3.787597E-10     -1.936828E-09      1.090789E-01
              1.135696E-03     -4.901358E-02     -6.496994E-10
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     119     -4.395961E-10     -2.714169E-09      1.630491E-01
              1.069146E-03     -5.772107E-02     -8.290774E-10
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TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     120     -4.815783E-10     -3.539184E-09      2.224743E-01
              9.513833E-04     -6.477341E-02     -8.295218E-10

     121     -4.994924E-10     -4.397055E-09      2.860751E-01
              8.297127E-04     -7.055150E-02     -9.532130E-10

     122     -4.932063E-10     -5.294361E-09      3.539197E-01
              7.245488E-04     -7.546930E-02     -9.544892E-10

     123     -4.681039E-10     -6.255436E-09      4.268866E-01
              6.110453E-04     -7.981327E-02     -1.060033E-09

     124     -4.338559E-10     -7.309993E-09      5.061115E-01
              4.812972E-04     -8.368199E-02     -1.095467E-09

     125     -4.074994E-10     -8.513332E-09      5.939838E-01
              3.476096E-04     -8.709975E-02     -1.214014E-09

     126     -4.087194E-10     -9.871377E-09      6.889016E-01
              1.964921E-04     -8.986456E-02     -1.294350E-09

     127     -4.417734E-10     -1.133365E-08      7.858606E-01
              6.375521E-05     -9.145981E-02     -1.391249E-09

     128     -4.946628E-10     -7.872732E-10      3.361648E-02
              1.717158E-03     -2.862683E-02     -5.586657E-10

     129     -6.361539E-10     -1.322184E-09      6.650453E-02
              2.148059E-03     -3.961749E-02     -5.610186E-10
506 Design Examples Manual November 2009 GENESIS



     130     -7.768772E-10     -2.014470E-09      1.125790E-01
              2.277322E-03     -4.990583E-02     -7.598601E-10

     131     -8.972096E-10     -2.810772E-09      1.682424E-01
              2.111924E-03     -5.864880E-02     -7.725701E-10

     132     -9.823870E-10     -3.660489E-09      2.298302E-01
              1.864939E-03     -6.569283E-02     -9.113113E-10

     133     -1.013268E-09     -4.533670E-09      2.950358E-01
              1.627042E-03     -7.137065E-02     -9.034860E-10

     134     -9.883017E-10     -5.445539E-09      3.644106E-01
              1.399609E-03     -7.619858E-02     -1.006946E-09

     135     -9.327025E-10     -6.423975E-09      4.389384E-01
              1.142257E-03     -8.047508E-02     -1.026080E-09

     136     -8.656372E-10     -7.482931E-09      5.182661E-01
              8.689963E-04     -8.419713E-02     -1.139925E-09

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  124
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     137     -7.924730E-10     -8.637344E-09      6.025111E-01
              6.171148E-04     -8.735251E-02     -1.188021E-09

     138     -7.918814E-10     -1.004813E-08      7.006380E-01
              3.161502E-04     -9.014686E-02     -1.335094E-09

     139     -8.785613E-10     -1.143984E-08      7.925061E-01
              8.580727E-05     -9.151260E-02     -1.381718E-09

     140     -7.694889E-10     -7.983855E-10      3.188162E-02
              3.125910E-03     -2.866140E-02     -4.521685E-10

     141     -9.982694E-10     -1.398946E-09      6.834510E-02
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              3.561348E-03     -4.058022E-02     -6.750453E-10

     142     -1.203366E-09     -2.116833E-09      1.166526E-01
              3.463604E-03     -5.101191E-02     -7.025787E-10

     143     -1.377979E-09     -2.940794E-09      1.749268E-01
              3.084922E-03     -5.981702E-02     -8.734029E-10

     144     -1.522161E-09     -3.846414E-09      2.411728E-01
              2.688459E-03     -6.686640E-02     -8.723068E-10

     145     -1.551053E-09     -4.771693E-09      3.110397E-01
              2.310253E-03     -7.229482E-02     -9.725679E-10

     146     -1.475506E-09     -5.716421E-09      3.836189E-01
              1.883053E-03     -7.702002E-02     -9.794358E-10

     147     -1.387968E-09     -6.735236E-09      4.611973E-01
              1.448782E-03     -8.130442E-02     -1.099770E-09

     148     -1.282850E-09     -7.834281E-09      5.434555E-01
              1.043734E-03     -8.498656E-02     -1.130051E-09

     149     -1.160161E-09     -9.036471E-09      6.301266E-01
              6.608470E-04     -8.803216E-02     -1.272357E-09

     150     -1.013471E-09     -1.035746E-08      7.210247E-01
              2.834369E-04     -9.056360E-02     -1.384209E-09

     151     -1.496372E-09     -1.179484E-08      8.154629E-01
              1.092823E-04     -9.176727E-02     -1.407368E-09

     152      3.411748E-13     -1.272939E-08      8.769155E-01
             -7.511242E-06     -9.198231E-02     -1.408270E-09

     153     -4.132742E-11     -1.363247E-08      9.362749E-01
             -4.836114E-06     -9.206678E-02     -1.392674E-09

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  125
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01
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 GRID ID            T1                T2                T3
                    R1                R2                R3

     154      3.132312E-13     -1.459947E-08      1.000000E+00
             -6.851177E-06     -9.209704E-02     -1.402030E-09

     155      4.649792E-10     -1.271078E-08      8.757043E-01
             -5.335594E-05     -9.197998E-02     -1.394075E-09

     156      4.354196E-10     -1.357800E-08      9.326740E-01
             -3.579735E-05     -9.206779E-02     -1.402184E-09

     157      3.769458E-10     -1.454073E-08      9.961277E-01
             -1.767862E-05     -9.209590E-02     -1.393221E-09

     158      9.867315E-10     -1.261294E-08      8.692344E-01
             -1.020859E-04     -9.196357E-02     -1.405733E-09

     159      8.751322E-10     -1.341201E-08      9.217406E-01
             -6.279620E-05     -9.206095E-02     -1.395733E-09

     160      9.208778E-10     -1.424479E-08      9.765887E-01
             -3.635165E-05     -9.208894E-02     -1.400491E-09

     161      1.447808E-09     -1.244824E-08      8.583428E-01
             -1.384119E-04     -9.189019E-02     -1.380375E-09

     162      1.401423E-09     -1.310208E-08      9.013208E-01
             -9.917998E-05     -9.202393E-02     -1.404756E-09

     163      1.290532E-09     -1.374437E-08      9.435991E-01
             -5.859154E-05     -9.206457E-02     -1.397385E-09

     164     -1.444926E-09     -1.251268E-08      8.625892E-01
              1.218844E-04     -9.190457E-02     -1.379954E-09

     165     -1.394118E-09     -1.323096E-08      9.098090E-01
              7.316839E-05     -9.203742E-02     -1.405600E-09

     166     -1.333052E-09     -1.360319E-08      9.343091E-01
              5.129160E-05     -9.205911E-02     -1.398303E-09

     167     -1.016928E-09     -1.264537E-08      8.713599E-01
              8.833342E-05     -9.197182E-02     -1.406206E-09

     168     -9.206215E-10     -1.338545E-08      9.199968E-01
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              5.007466E-05     -9.205807E-02     -1.394839E-09

     169     -1.047186E-09     -1.411769E-08      9.682133E-01
              2.803845E-05     -9.208623E-02     -1.401460E-09

     170     -5.239670E-10     -1.272502E-08      8.766272E-01
              4.249948E-05     -9.198048E-02     -1.393993E-09

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  126
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.123736E-01
                                 EIGENVALUE     =  2.003436E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     171     -4.841252E-10     -1.358441E-08      9.331015E-01
              2.395151E-05     -9.206949E-02     -1.402619E-09

     172     -5.742758E-10     -1.446820E-08      9.913398E-01
              1.108588E-05     -9.209260E-02     -1.392912E-09

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  127
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      6 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  7.123736E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
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         1     SHAPE1     -5.000000E-01   -1.353227E-01    5.000000E-01
         2     SHAPE2     -5.000000E-01    3.967472E-01    5.000000E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  128
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

 CONSTRAINT

                        INERTIA             
  --------------------------------------------------------------------------
-
                                         RESPONSE   BOUND   BOUND     BOUND
   DRESP1 #    TYPE                      VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
          2  IZZ (GP)                  1.190620E+04  UB   1.200000E+04   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  129
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 7.047E-04 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  130
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     7.0466E-01         7.2%
   1     7.0451E-01         2.2%
   2     7.0674E-01         0.0%
   3     7.0964E-01         0.0%
   4     7.1170E-01         0.0%
   5     7.1205E-01         0.0%
   6     7.1237E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  131
TEST PROBLEM FOR INERTIA RESPONSE                                       
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE
               1             2
          SHAPE1        SHAPE2

   0     0.0000E+00    0.0000E+00 
   1     1.0000E-01    1.0000E-01 
   2     7.5621E-02    2.0000E-01 
   3    -2.1730E-02    2.7785E-01 
   4    -1.1120E-01    3.5171E-01 
   5    -1.2286E-01    3.7432E-01 
   6    -1.3532E-01    3.9675E-01 

                            ***** END OF OUTPUT *****
512 Design Examples Manual November 2009 GENESIS



2.41 Creating Natural Perturbation Vectors for the Shape 
Design of a Structure

Example ID:
D041 (companion data for D042)

Design Data Used: 
DVSHAPE, DOPT

Special Feature Used:
Uses DVSHAPE, SPC and SPCD to automatically generate DVAR and DVGRID DATA using 
analytic boundary shapes.

Problem Statement:
Create natural perturbation vectors for the shape design of a plate structure (to be used in problem 
D042).

Design problem:
Defined in D042.
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Problem Description:
Create natural perturbation vectors (DOPT parameter BASIS = 0). Two DVSHAPE are used to 
create two design variables and corresponding DVGRID data.
 SPCDs are used to enforce displacements which will give the natural perturbation vector shape. 
SPCs are used to isolate the different perturbation vectors.
Bar elements with very high stiffness are added to two boundaries to produce a cubic boundary 
displacement..

Results:
The file D041.DVS containing the DVARs and DVGRIDs is created successfully. D041.DVS is 
used in D042.dat using the INCLUDE bulk data statement.

Fixed

Stiff Beam Elements on Boundaries
514 Design Examples Manual November 2009 GENESIS



2.41.1 Input Data

ID D041
ANALYSIS
POST=PUNCH
CEND
TITLE=SHAPE
ECHO = NONE
LINE = *,80
LOADCASE        1
   LABEL=CASE1
   SPC    =       1
   LOAD   =       1
   DVSHAPE = 10,-0.5,0.5,ALL,1.0
LOADCASE        2
   LABEL=CASE2
   SPC    =       2
   LOAD   =       2
   DVSHAPE = 20,-0.5,0.5,ALL,1.0
BEGIN BULK
$  --- DESIGN DATA ---
DOPT
+          BASIS       0
$
$  --- ANALYSIS DATA ---
$
$   ELEMENT AND PROPERTY DEFINISIONS
$
PSHELL         2       1.5000000       1               1                WRENCH
PSHELL         3       3.5000000       3               3                WRENCH
CQUAD4         1       2       1       5       6       2
CQUAD4         2       2       2       6       7       3
CQUAD4         3       2       3       7       8       4
CQUAD4         4       2       5       9      10       6
CQUAD4         5       2       6      10      11       7
CQUAD4         6       2       7      11      12       8
CQUAD4         7       2       9      13      14      10
CQUAD4         8       2      10      14      15      11
CQUAD4         9       2      11      15      16      12
CQUAD4        10       2      17      21      22      18
CQUAD4        11       2      18      22      23      19
CQUAD4        12       2      19      23      24      20
CQUAD4        13       2      21      25      26      22
CQUAD4        14       2      22      26      27      23
CQUAD4        15       2      23      27      28      24
CQUAD4        16       2      25      29      30      26
CQUAD4        17       2      26      30      31      27
CQUAD4        18       2      27      31       4      28
CQUAD4        19       2      32      37      38      33
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CQUAD4        20       2      33      38      39      34
CQUAD4        21       2      34      39      40      35
CQUAD4        22       2      35      40      41      36
CQUAD4        23       2      36      41       5       1
CQUAD4        24       2      37      42      43      38
CQUAD4        25       2      38      43      44      39
CQUAD4        26       2      39      44      45      40
CQUAD4        27       2      40      45      46      41
CQUAD4        28       2      41      46       9       5
CQUAD4        29       2      42      47      48      43
CQUAD4        30       2      43      48      49      44
CQUAD4        31       2      44      49      50      45
CQUAD4        32       2      45      50      51      46
CQUAD4        33       2      46      51      13       9
CQUAD4        34       2      47      42      56      52
CQUAD4        35       2      52      56      57      53
CQUAD4        36       2      53      57      58      54
CQUAD4        37       2      54      58      59      55
CQUAD4        38       2      55      59      21      17
CQUAD4        39       2      42      37      60      56
CQUAD4        40       2      56      60      61      57
CQUAD4        41       2      57      61      62      58
CQUAD4        42       2      58      62      63      59
CQUAD4        43       2      59      63      25      21
CQUAD4        44       2      37      32      64      60
CQUAD4        45       2      60      64      65      61
CQUAD4        46       2      61      65      66      62
CQUAD4        47       2      62      66      67      63
CQUAD4        48       2      63      67      29      25
CQUAD4        49       2       4       8      80      68
CQUAD4        50       2      68      80      81      69
CQUAD4        51       2      69      81      82      70
CQUAD4        52       2      70      82      83      71
CQUAD4        53       2      71      83      84      72
CQUAD4        54       2      72      84      85      73
CQUAD4        55       2      73      85      86      74
CQUAD4        56       2      74      86      87      75
CQUAD4        57       2      75      87      88      76
CQUAD4        58       2      76      88      89      77
CQUAD4        59       2      77      89      90      78
CQUAD4        60       2      78      90      91      79
CQUAD4        61       2       8      12      92      80
CQUAD4        62       2      80      92      93      81
CQUAD4        63       2      81      93      94      82
CQUAD4        64       2      82      94      95      83
CQUAD4        65       2      83      95      96      84
CQUAD4        66       2      84      96      97      85
CQUAD4        67       2      85      97      98      86
CQUAD4        68       2      86      98      99      87
CQUAD4        69       2      87      99     100      88
CQUAD4        70       2      88     100     101      89
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CQUAD4        71       2      89     101     102      90
CQUAD4        72       2      90     102     103      91
CQUAD4        73       2      12      16     104      92
CQUAD4        74       2      92     104     105      93
CQUAD4        75       2      93     105     106      94
CQUAD4        76       2      94     106     107      95
CQUAD4        77       2      95     107     108      96
CQUAD4        78       2      96     108     109      97
CQUAD4        79       2      97     109     110      98
CQUAD4        80       2      98     110     111      99
CQUAD4        81       2      99     111     112     100
CQUAD4        82       2     100     112     113     101
CQUAD4        83       2     101     113     114     102
CQUAD4        84       2     102     114     115     103
CQUAD4        85       2       4      28     116      68
CQUAD4        86       2      68     116     117      69
CQUAD4        87       2      69     117     118      70
CQUAD4        88       2      70     118     119      71
CQUAD4        89       2      71     119     120      72
CQUAD4        90       2      72     120     121      73
CQUAD4        91       2      73     121     122      74
CQUAD4        92       2      74     122     123      75
CQUAD4        93       2      75     123     124      76
CQUAD4        94       2      76     124     125      77
CQUAD4        95       2      77     125     126      78
CQUAD4        96       2      78     126     127      79
CQUAD4        97       2      28      24     128     116
CQUAD4        98       2     116     128     129     117
CQUAD4        99       2     117     129     130     118
CQUAD4       100       2     118     130     131     119
CQUAD4       101       2     119     131     132     120
CQUAD4       102       2     120     132     133     121
CQUAD4       103       2     121     133     134     122
CQUAD4       104       2     122     134     135     123
CQUAD4       105       2     123     135     136     124
CQUAD4       106       2     124     136     137     125
CQUAD4       107       2     125     137     138     126
CQUAD4       108       2     126     138     139     127
CQUAD4       109       2      24      20     140     128
CQUAD4       110       2     128     140     141     129
CQUAD4       111       2     129     141     142     130
CQUAD4       112       2     130     142     143     131
CQUAD4       113       2     131     143     144     132
CQUAD4       114       2     132     144     145     133
CQUAD4       115       2     133     145     146     134
CQUAD4       116       2     134     146     147     135
CQUAD4       117       2     135     147     148     136
CQUAD4       118       2     136     148     149     137
CQUAD4       119       2     137     149     150     138
CQUAD4       120       2     138     150     151     139
CQUAD4       121       2      79      91     155     152
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CQUAD4       122       3     152     155     156     153
CQUAD4       123       3     153     156     157     154
CQUAD4       124       2      91     103     158     155
CQUAD4       125       3     155     158     159     156
CQUAD4       126       3     156     159     160     157
CQUAD4       127       2     103     115     161     158
CQUAD4       128       3     158     161     162     159
CQUAD4       130       2     151     139     167     164
CQUAD4       131       3     164     167     168     165
CQUAD4       133       2     139     127     170     167
CQUAD4       134       3     167     170     171     168
CQUAD4       135       3     168     171     172     169
CQUAD4       136       2     127      79     152     170
CQUAD4       137       3     170     152     153     171
CQUAD4       138       3     171     153     154     172
CTRIA3       140       3     160     159     163
CTRIA3       141       3     159     162     163
CTRIA3       142       3     165     168     166
CTRIA3       143       3     168     169     166
CBAR         144       5      16     104    .000   1.000    .000
CBAR         145       5     104     105    .000   1.000    .000
CBAR         146       5     105     106    .000   1.000    .000
CBAR         147       5     106     107    .000   1.000    .000
CBAR         148       5     107     108    .000   1.000    .000
CBAR         149       5     108     109    .000   1.000    .000
CBAR         150       5     109     110    .000   1.000    .000
CBAR         151       5     110     111    .000   1.000    .000
CBAR         152       5     111     112    .000   1.000    .000
CBAR         153       5     112     113    .000   1.000    .000
CBAR         154       5     113     114    .000   1.000    .000
CBAR         155       5      20     140    .000   1.000    .000
CBAR         156       5     140     141    .000   1.000    .000
CBAR         157       5     141     142    .000   1.000    .000
CBAR         158       5     142     143    .000   1.000    .000
CBAR         159       5     143     144    .000   1.000    .000
CBAR         160       5     144     145    .000   1.000    .000
CBAR         161       5     145     146    .000   1.000    .000
CBAR         162       5     146     147    .000   1.000    .000
CBAR         163       5     147     148    .000   1.000    .000
CBAR         164       5     148     149    .000   1.000    .000
CBAR         165       5     149     150    .000   1.000    .000
CONM2        139     152           3.801                                WRENCH
PBAR           5       2.314E+01.785E+00.785E+00.157E+01.000E+00        BEAMP
$
$   MATERIAL DATA
$
MAT1           1.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00STELL
MAT1           2.200E+08        .250E+00.726E+01.000E+00.000E+00.000E+00BEAM
MAT1           3.200E+11        .250E+00.726E+01.000E+00.000E+00.000E+00BEAM
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$
$   GRID DATA
$
GRID           1            .000    .800    .000
GRID           2            .397    .694    .000
GRID           3            .690    .405    .000
GRID           4            .806    .009    .000
GRID           5            .000   1.200    .000
GRID           6            .487   1.130    .000
GRID           7            .904    .937    .000
GRID           8           1.204    .673    .000
GRID           9            .000   1.600    .000
GRID          10            .577   1.565    .000
GRID          11           1.119   1.468    .000
GRID          12           1.602   1.336    .000
GRID          13            .000   2.000    .000
GRID          14            .667   2.000    .000
GRID          15           1.333   2.000    .000
GRID          16           2.000   2.000    .000
GRID          17            .000  -2.000    .000
GRID          18            .667  -2.000    .000
GRID          19           1.333  -2.000    .000
GRID          20           2.000  -2.000    .000
GRID          21            .000  -1.600    .000
GRID          22            .577  -1.565    .000
GRID          23           1.119  -1.468    .000
GRID          24           1.602  -1.336    .000
GRID          25            .000  -1.200    .000
GRID          26            .487  -1.130    .000
GRID          27            .904   -.937    .000
GRID          28           1.204   -.673    .000
GRID          29            .000   -.800    .000
GRID          30            .397   -.694    .000
GRID          31            .690   -.405    .000
GRID          32           -.806    .000    .000
GRID          33           -.761    .247    .000
GRID          34           -.647    .470    .000
GRID          35           -.470    .647    .000
GRID          36           -.247    .761    .000
GRID          37          -1.205    .000    .000
GRID          38          -1.141    .371    .000
GRID          39           -.971    .705    .000
GRID          40           -.705    .971    .000
GRID          41           -.371   1.141    .000
GRID          42          -1.604    .000    .000
GRID          43          -1.522    .494    .000
GRID          44          -1.294    .940    .000
GRID          45           -.941   1.294    .000
GRID          46           -.494   1.522    .000
GRID          47          -2.003    .000    .000
GRID          48          -1.902    .618    .000
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GRID          49          -1.618   1.175    .000
GRID          50          -1.176   1.618    .000
GRID          51           -.618   1.902    .000
GRID          52          -1.941   -.483    .000
GRID          53          -1.678  -1.089    .000
GRID          54          -1.232  -1.576    .000
GRID          55           -.651  -1.891    .000
GRID          56          -1.558   -.357    .000
GRID          57          -1.354   -.852    .000
GRID          58           -.997  -1.251    .000
GRID          59           -.528  -1.510    .000
GRID          60          -1.176   -.231    .000
GRID          61          -1.029   -.615    .000
GRID          62           -.762   -.926    .000
GRID          63           -.405  -1.130    .000
GRID          64           -.793   -.105    .000
GRID          65           -.705   -.377    .000
GRID          66           -.527   -.602    .000
GRID          67           -.281   -.749    .000
GRID          68           1.900    .000    .000
GRID          69           3.000    .000    .000
GRID          70           4.100    .000    .000
GRID          71           5.200    .000    .000
GRID          72           6.300    .000    .000
GRID          73           7.400    .000    .000
GRID          74           8.500    .000    .000
GRID          75           9.600    .000    .000
GRID          76          10.700    .000    .000
GRID          77          11.800    .000    .000
GRID          78          12.900    .000    .000
GRID          79          14.000    .000    .000
GRID          80           2.267    .641    .000
GRID          81           3.333    .615    .000
GRID          82           4.400    .590    .000
GRID          83           5.467    .564    .000
GRID          84           6.533    .538    .000
GRID          85           7.600    .513    .000
GRID          86           8.667    .487    .000
GRID          87           9.733    .462    .000
GRID          88          10.800    .436    .000
GRID          89          11.867    .410    .000
GRID          90          12.933    .385    .000
GRID          91          14.000    .359    .000
GRID          92           2.633   1.282    .000
GRID          93           3.667   1.231    .000
GRID          94           4.700   1.179    .000
GRID          95           5.733   1.128    .000
GRID          96           6.767   1.077    .000
GRID          97           7.800   1.026    .000
GRID          98           8.833    .974    .000
GRID          99           9.867    .923    .000
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GRID         100          10.900    .872    .000
GRID         101          11.933    .821    .000
GRID         102          12.967    .769    .000
GRID         103          14.000    .718    .000
GRID         104           3.000   1.923    .000
GRID         105           4.000   1.846    .000
GRID         106           5.000   1.769    .000
GRID         107           6.000   1.692    .000
GRID         108           7.000   1.615    .000
GRID         109           8.000   1.538    .000
GRID         110           9.000   1.462    .000
GRID         111          10.000   1.385    .000
GRID         112          11.000   1.308    .000
GRID         113          12.000   1.231    .000
GRID         114          13.000   1.154    .000
GRID         115          14.000   1.077    .000
GRID         116           2.267   -.641    .000
GRID         117           3.333   -.615    .000
GRID         118           4.400   -.590    .000
GRID         119           5.467   -.564    .000
GRID         120           6.533   -.539    .000
GRID         121           7.600   -.513    .000
GRID         122           8.667   -.488    .000
GRID         123           9.733   -.462    .000
GRID         124          10.800   -.436    .000
GRID         125          11.867   -.411    .000
GRID         126          12.933   -.385    .000
GRID         127          14.000   -.360    .000
GRID         128           2.633  -1.282    .000
GRID         129           3.667  -1.231    .000
GRID         130           4.700  -1.180    .000
GRID         131           5.733  -1.129    .000
GRID         132           6.767  -1.077    .000
GRID         133           7.800  -1.026    .000
GRID         134           8.833   -.975    .000
GRID         135           9.867   -.924    .000
GRID         136          10.900   -.873    .000
GRID         137          11.933   -.821    .000
GRID         138          12.967   -.770    .000
GRID         139          14.000   -.719    .000
GRID         140           3.000  -1.923    .000
GRID         141           4.000  -1.846    .000
GRID         142           5.000  -1.770    .000
GRID         143           6.000  -1.693    .000
GRID         144           7.000  -1.616    .000
GRID         145           8.000  -1.539    .000
GRID         146           9.000  -1.463    .000
GRID         147          10.000  -1.386    .000
GRID         148          11.000  -1.309    .000
GRID         149          12.000  -1.232    .000
GRID         150          13.000  -1.155    .000
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GRID         151          14.000  -1.079    .000
GRID         152          14.668    .000    .000
GRID         153          15.336    .000    .000
GRID         154          16.005    .000    .000
GRID         155          14.655    .334    .000
GRID         156          15.310    .309    .000
GRID         157          15.963    .270    .000
GRID         158          14.585    .709    .000
GRID         159          15.171    .699    .000
GRID         160          15.751    .660    .000
GRID         161          14.467   1.041    .000
GRID         162          14.934   1.005    .000
GRID         163          15.393    .925    .000
GRID         164          14.513  -1.039    .000
GRID         165          15.026  -1.000    .000
GRID         166          15.292   -.956    .000
GRID         167          14.608   -.731    .000
GRID         168          15.217   -.742    .000
GRID         169          15.660   -.751    .000
GRID         170          14.665   -.377    .000
GRID         171          15.329   -.395    .000
GRID         172          15.911   -.412    .000
$
$    BOUNDARY AND LOADING CONDITIONS
$
SPC            1       4  123456     0.0
SPC            1       8  123456     0.0
SPC            1      12  123456     0.0
SPC            1      16  123456     0.0
SPC            1      20  123456     0.0
SPC            1      24  123456     0.0
SPC            1      28  123456     0.0
SPC            1      78  123456     0.0
SPC            1      90  123456     0.0
SPC            1     102  123456     0.0
SPC            1     108       2     0.0
SPC            1     109       2     0.0
SPC            1     114  123456     0.0
SPC            1     126  123456     0.0
SPC            1     138  123456     0.0
SPC            1     150  123456     0.0
SPC            1     144       2     0.0
SPC            1     145       2     0.0
SPCD           1     108       2    -0.5
SPCD           1     109       2    -0.5
SPCD           1     144       2     0.5
SPCD           1     145       2     0.5
SPC            2       3  123456     0.0
SPC            2       4  123456     0.0
SPC            2       7  123456     0.0
SPC            2      11  123456     0.0
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SPC            2      15  123456     0.0
SPC            2      16       2     0.0
SPC            2      19  123456     0.0
SPC            2      20       2     0.0
SPC            2      23  123456     0.0
SPC            2      27  123456     0.0
SPC            2      31  123456     0.0
SPC            2      79  123456     0.0
SPC            2      91  123456     0.0
SPC            2     103  123456     0.0
SPC            2     108  123456     0.0
SPC            2     109  123456     0.0
SPC            2     114       2     0.0
SPC            2     115  123456     0.0
SPC            2     127  123456     0.0
SPC            2     139  123456     0.0
SPC            2     144  123456     0.0
SPC            2     145  123456     0.0
SPC            2     150       2     0.0
SPC            2     151  123456     0.0
SPCD           2      16       2    -0.5
SPCD           2      20       2     0.5
SPCD           2     114       2    -0.5
SPCD           2     150       2     0.5
ENDDATA
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2.41.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
SHAPE                                                                   
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PROJECT NAME: D041                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    172
                  NUMBER OF CBAR ELEMENTS:                   22
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:        136
                  NUMBER OF CTRIA3->PSHELL ELEMENTS:          4
                  NUMBER OF CONM2 ELEMENTS:                   1
                  TOTAL NUMBER OF NON RIGID ELEMENTS:       163
                  NUMBER OF ELEMENT PROPERTIES:               3
                  NUMBER OF MATERIALS:                        3
                  NUMBER OF DEGREES OF FREEDOM:            1026

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  2
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
SHAPE                                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    3
SHAPE                                                                   
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -4.346643E-16 ; STRAIN ENERGY :  6.427875E+06
LOADCASE        2 ; RESIDUAL : -4.257957E-16 ; STRAIN ENERGY :  5.468131E+06

                            ***** END OF OUTPUT *****
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2.42 Shape Design of a Plate Structure being Constrained on 
the Inertia Response using Natural Perturbation Vectors 
(An Auxiliary Model)

Example ID:
D042

Design Data Used:
DVSHAPE, DVAR, DRESP1, DCONS, DOBJ

Special Feature Used:
Uses natural perturbation vectors to perform shape optimization.

Problem Statement:
Maximize the fundamental frequency of the structure subjected to an inertia response constraint. 
Young’s modulus is 200 GPa,Poisson’s ratio is 0.25 and the mass density is 7.26 g/cm3.

Design Data Relationships:

Note:
To use natural perturbation vectors, the user needs to provide two data sets.  The first data (Prob-
lem D041) describes the original analysis problem and auxiliary boundary models.  In the exam-
ple given, the auxiliary boundaries are modeled by beam elements since the original structure, 
whose boundary is a line, is modeled by plate/shell elements.  It is important to note that auxiliary 
boundary’s elements must have much higher stiffness than the original structure does so that the 
shape of the deformation is controlled by the auxiliary boundary.  This problem makes the DVS 
file which contains all the DVAR and DVGRID information for the mode of shapes. In the second 
problem (D042), the real problem is solved.

DVGRID

DRESP1

DVAR

DOBJ, DCONS
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Results:
Initially, a inertia response constraint violated 7% of specified value.  In the final design, fre-
quency is improved to 7.0549E-01 from  7.0466E-01 while the constraint is satisfied.

Optimized Shape
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2.42.1 Input Data

ID D043
POST=PUNCH
CEND
TIMES=SCREEN
TITLE=AXIS DOMAIN EXAMPLE                                                   
ECHO = NONE
LINE = *,80
PERTURBATION = POST
SHAPE        = POST
$ NODE SET
SET   10 =       2,       3,       4,       5,       6,       7,       8,       
                 9,      10,      11,      12,      13,      14,      15,       
                16,      17,      18,      19,      20,      21,      23,       
                24,      25,      26,      27,      28,      29,      30,       
                31,      32,      33,      34,      35,      36,      37,       
                38,      39,      40,      41,      42,      44,      45,       
                46,      47,      48,      49,      50,      51,      52,       
                53,      54,      55,      56,      57,      58,      59,       
                60,      61,      62,      63,      65,      66,      67,       
                68,      69,      70,      71,      72,      73,      74,       
                75,      76,      77,      78,      79,      80,      81,       
                82,      83,      84,      86,      87,      88,      89,       
                90,      91,      92,      93,      94,      95,      96,       
                97,      98,      99,     100,     101,     102,     103,       
               104,     105,     107,     108,     109,     110,     111,       
               112,     113,     114,     115,     116,     117,     118,       
               119,     120,     121,     122,     123,     124,     125,       
               126,     369,     370,     371,     372,     373,     374,       
               375,     376,     377,     378,     379,     380,     381,       
               382,     383,     384,     385,     386,     387,     388,       
               389,     390,     391,     392,     393,     394,     395,       
               396,     397,     398,     399,     400,     401,     402,       
               403,     404,     405,     406,     407,     408,     410,       
               411,     412,     413,     414,     415,     416,     417,       
               418,     419,     420,     421,     422,     423,     424,       
               425,     426,     427,     428,     429,     431,     432,       
               433,     434,     435,     436,     437,     438,     439,       
               440,     441,     442,     443,     444,     445,     446,       
               447,     448,     449,     450,     452,     453,     454,       
               455,     456,     457,     458,     459,     460,     461,       
               462,     463,     464,     465,     466,     467,     468,       
               469,     470,     471,     473,     474,     475,     476,       
               477,     478,     479,     480,     481,     482,     483,       
               484,     485,     486,     487,     488,     489,     490,       
               491,     492,     735,     736,     737,     738,     739,       
               740,     741,     742,     743,     744,     745,     746,       
               747,     748,     749,     750,     751,     752,     753,       
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               754,     755,     756,     757,     758,     759,     760,       
               761,     762,     763,     764,     765,     766,     767,       
               768,     769,     770,     771,     772,     773,     774,       
               776,     777,     778,     779,     780,     781,     782,       
               783,     784,     785,     786,     787,     788,     789,       
               790,     791,     792,     793,     794,     795,     797,       
               798,     799,     800,     801,     802,     803,     804,       
               805,     806,     807,     808,     809,     810,     811,       
               812,     813,     814,     815,     816,     818,     819,       
               820,     821,     822,     823,     824,     825,     826,       
               827,     828,     829,     830,     831,     832,     833,       
               834,     835,     836,     837,     839,     840,     841,       
               842,     843,     844,     845,     846,     847,     848,       
               849,     850,     851,     852,     853,     854,     855,       
               856,     857,     858,    1101,    1102,    1103,    1104,       
              1105,    1106,    1107,    1108,    1109,    1110,    1111,       
              1112,    1113,    1114,    1115,    1116,    1117,    1118,       
              1119,    1120,    1121,    1122,    1123,    1124,    1125,       
              1126,    1127,    1128,    1129,    1130,    1131,    1132,       
              1133,    1134,    1135,    1136,    1137,    1138,    1139,       
              1140,    1142,    1143,    1144,    1145,    1146,    1147,       
              1148,    1149,    1150,    1151,    1152,    1153,    1154,       
              1155,    1156,    1157,    1158,    1159,    1160,    1161,       
              1163,    1164,    1165,    1166,    1167,    1168,    1169,       
              1170,    1171,    1172,    1173,    1174,    1175,    1176,       
              1177,    1178,    1179,    1180,    1181,    1182,    1184,       
              1185,    1186,    1187,    1188,    1189,    1190,    1191,       
              1192,    1193,    1194,    1195,    1196,    1197,    1198,       
              1199,    1200,    1201,    1202,    1203,    1205,    1206,       
              1207,    1208,    1209,    1210,    1211,    1212,    1213,       
              1214,    1215,    1216,    1217,    1218,    1219,    1220,       
              1221,    1222,    1223,    1224,    1467,    1468,    1469,       
              1470,    1471,    1472,    1473,    1474,    1475,    1476,       
              1477,    1478,    1479,    1480,    1481,    1482,    1483,       
              1484,    1485,    1486,    1487,    1488,    1489,    1490,       
              1491,    1492,    1493,    1494,    1495,    1496,    1497,       
              1498,    1499,    1500,    1501,    1502,    1503,    1504,       
              1505,    1506,    1508,    1509,    1510,    1511,    1512,       
              1513,    1514,    1515,    1516,    1517,    1518,    1519,       
              1520,    1521,    1522,    1523,    1524,    1525,    1526,       
              1527,    1529,    1530,    1531,    1532,    1533,    1534,       
              1535,    1536,    1537,    1538,    1539,    1540,    1541,       
              1542,    1543,    1544,    1545,    1546,    1547,    1548,       
              1550,    1551,    1552,    1553,    1554,    1555,    1556,       
              1557,    1558,    1559,    1560,    1561,    1562,    1563,       
              1564,    1565,    1566,    1567,    1568,    1569,    1571,       
              1572,    1573,    1574,    1575,    1576,    1577,    1578,       
              1579,    1580,    1581,    1582,    1583,    1584,    1585,       
              1586,    1587,    1588,    1589,    1590,    1833,    1834,       
              1835,    1836,    1837,    1838,    1839,    1840,    1841,       
              1842,    1843,    1844,    1845,    1846,    1847,    1848,       
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              1849,    1850,    1851,    1852,    1853,    1854,    1855,       
              1856,    1857,    1858,    1859,    1860,    1861,    1862,       
              1863,    1864,    1865,    1866,    1867,    1868,    1869,       
              1870,    1871,    1872,    1874,    1875,    1876,    1877,       
              1878,    1879,    1880,    1881,    1882,    1883,    1884,       
              1885,    1886,    1887,    1888,    1889,    1890,    1891,       
              1892,    1893,    1895,    1896,    1897,    1898,    1899,       
              1900,    1901,    1902,    1903,    1904,    1905,    1906,       
              1907,    1908,    1909,    1910,    1911,    1912,    1913,       
              1914,    1916,    1917,    1918,    1919,    1920,    1921,       
              1922,    1923,    1924,    1925,    1926,    1927,    1928,       
              1929,    1930,    1931,    1932,    1933,    1934,    1935,       
              1937,    1938,    1939,    1940,    1941,    1942,    1943,       
              1944,    1945,    1946,    1947,    1948,    1949,    1950,       
              1951,    1952,    1953,    1954,    1955,    1956,    2199,
              2200        
$ NODE SET
SET   20 =      21,      42,      63,      84,     105,     126,     127,       
               128,     129,     130,     131,     132,     133,     134,       
               135,     136,     137,     138,     139,     140,     141,       
               142,     143,     144,     145,     146,     147,     148,       
               149,     150,     151,     152,     153,     154,     155,       
               156,     157,     158,     159,     160,     161,     162,       
               163,     164,     165,     166,     167,     168,     169,       
               170,     171,     172,     173,     174,     175,     176,       
               177,     178,     179,     180,     181,     182,     183,       
               184,     185,     186,     187,     188,     189,     190,       
               191,     192,     193,     194,     195,     196,     197,       
               198,     199,     200,     201,     202,     203,     204,       
               205,     206,     207,     208,     209,     210,     211,       
               212,     213,     214,     215,     216,     217,     218,       
               219,     220,     221,     222,     223,     224,     225,       
               226,     227,     228,     229,     230,     231,     232,       
               233,     234,     235,     236,     237,     238,     239,       
               240,     241,     242,     243,     244,     245,     246,       
               407,     408,     429,     450,     471,     492,     493,       
               494,     495,     496,     497,     498,     499,     500,       
               501,     502,     503,     504,     505,     506,     507,       
               508,     509,     510,     511,     512,     513,     514,       
               515,     516,     517,     518,     519,     520,     521,       
               522,     523,     524,     525,     526,     527,     528,       
               529,     530,     531,     532,     533,     534,     535,       
               536,     537,     538,     539,     540,     541,     542,       
               543,     544,     545,     546,     547,     548,     549,       
               550,     551,     552,     553,     554,     555,     556,       
               557,     558,     559,     560,     561,     562,     563,       
               564,     565,     566,     567,     568,     569,     570,       
               571,     572,     573,     574,     575,     576,     577,       
               578,     579,     580,     581,     582,     583,     584,       
               585,     586,     587,     588,     589,     590,     591,       
               592,     593,     594,     595,     596,     597,     598,       
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               599,     600,     601,     602,     603,     604,     605,       
               606,     607,     608,     609,     610,     611,     612,       
               773,     774,     795,     816,     837,     858,     859,       
               860,     861,     862,     863,     864,     865,     866,       
               867,     868,     869,     870,     871,     872,     873,       
               874,     875,     876,     877,     878,     879,     880,       
               881,     882,     883,     884,     885,     886,     887,       
               888,     889,     890,     891,     892,     893,     894,       
               895,     896,     897,     898,     899,     900,     901,       
               902,     903,     904,     905,     906,     907,     908,       
               909,     910,     911,     912,     913,     914,     915,       
               916,     917,     918,     919,     920,     921,     922,       
               923,     924,     925,     926,     927,     928,     929,       
               930,     931,     932,     933,     934,     935,     936,       
               937,     938,     939,     940,     941,     942,     943,       
               944,     945,     946,     947,     948,     949,     950,       
               951,     952,     953,     954,     955,     956,     957,       
               958,     959,     960,     961,     962,     963,     964,       
               965,     966,     967,     968,     969,     970,     971,       
               972,     973,     974,     975,     976,     977,     978,       
              1139,    1140,    1161,    1182,    1203,    1224,    1225,       
              1226,    1227,    1228,    1229,    1230,    1231,    1232,       
              1233,    1234,    1235,    1236,    1237,    1238,    1239,       
              1240,    1241,    1242,    1243,    1244,    1245,    1246,       
              1247,    1248,    1249,    1250,    1251,    1252,    1253,       
              1254,    1255,    1256,    1257,    1258,    1259,    1260,       
              1261,    1262,    1263,    1264,    1265,    1266,    1267,       
              1268,    1269,    1270,    1271,    1272,    1273,    1274,       
              1275,    1276,    1277,    1278,    1279,    1280,    1281,       
              1282,    1283,    1284,    1285,    1286,    1287,    1288,       
              1289,    1290,    1291,    1292,    1293,    1294,    1295,       
              1296,    1297,    1298,    1299,    1300,    1301,    1302,       
              1303,    1304,    1305,    1306,    1307,    1308,    1309,       
              1310,    1311,    1312,    1313,    1314,    1315,    1316,       
              1317,    1318,    1319,    1320,    1321,    1322,    1323,       
              1324,    1325,    1326,    1327,    1328,    1329,    1330,       
              1331,    1332,    1333,    1334,    1335,    1336,    1337,       
              1338,    1339,    1340,    1341,    1342,    1343,    1344,       
              1505,    1506,    1527,    1548,    1569,    1590,    1591,       
              1592,    1593,    1594,    1595,    1596,    1597,    1598,       
              1599,    1600,    1601,    1602,    1603,    1604,    1605,       
              1606,    1607,    1608,    1609,    1610,    1611,    1612,       
              1613,    1614,    1615,    1616,    1617,    1618,    1619,       
              1620,    1621,    1622,    1623,    1624,    1625,    1626,       
              1627,    1628,    1629,    1630,    1631,    1632,    1633,       
              1634,    1635,    1636,    1637,    1638,    1639,    1640,       
              1641,    1642,    1643,    1644,    1645,    1646,    1647,       
              1648,    1649,    1650,    1651,    1652,    1653,    1654,       
              1655,    1656,    1657,    1658,    1659,    1660,    1661,       
              1662,    1663,    1664,    1665,    1666,    1667,    1668,       
              1669,    1670,    1671,    1672,    1673,    1674,    1675,       
GENESIS November 2009 Design Examples Manual 531



              1676,    1677,    1678,    1679,    1680,    1681,    1682,       
              1683,    1684,    1685,    1686,    1687,    1688,    1689,       
              1690,    1691,    1692,    1693,    1694,    1695,    1696,       
              1697,    1698,    1699,    1700,    1701,    1702,    1703,       
              1704,    1705,    1706,    1707,    1708,    1709,    1710,       
              1871,    1872,    1893,    1914,    1935,    1956,    1957,       
              1958,    1959,    1960,    1961,    1962,    1963,    1964,       
              1965,    1966,    1967,    1968,    1969,    1970,    1971,       
              1972,    1973,    1974,    1975,    1976,    1977,    1978,       
              1979,    1980,    1981,    1982,    1983,    1984,    1985,       
              1986,    1987,    1988,    1989,    1990,    1991,    1992,       
              1993,    1994,    1995,    1996,    1997,    1998,    1999,       
              2000,    2001,    2002,    2003,    2004,    2005,    2006,       
              2007,    2008,    2009,    2010,    2011,    2012,    2013,       
              2014,    2015,    2016,    2017,    2018,    2019,    2020,       
              2021,    2022,    2023,    2024,    2025,    2026,    2027,       
              2028,    2029,    2030,    2031,    2032,    2033,    2034,       
              2035,    2036,    2037,    2038,    2039,    2040,    2041,       
              2042,    2043,    2044,    2045,    2046,    2047,    2048,       
              2049,    2050,    2051,    2052,    2053,    2054,    2055,       
              2056,    2057,    2058,    2059,    2060,    2061,    2062,       
              2063,    2064,    2065,    2066,    2067,    2068,    2069,       
              2070,    2071,    2072,    2073,    2074,    2075,    2076,
              2199,    2200
$ NODE SET
SET   30 =       1,      22,      43,      64,      85,     106,     247,       
               248,     249,     250,     251,     252,     253,     254,       
               255,     256,     257,     258,     259,     260,     261,       
               262,     263,     264,     265,     266,     267,     268,       
               269,     270,     271,     272,     273,     274,     275,       
               276,     277,     278,     279,     280,     281,     282,       
               283,     284,     285,     286,     287,     288,     289,       
               290,     291,     292,     293,     294,     295,     296,       
               297,     298,     299,     300,     301,     302,     303,       
               304,     305,     306,     307,     308,     309,     310,       
               311,     312,     313,     314,     315,     316,     317,       
               318,     319,     320,     321,     322,     323,     324,       
               325,     326,     327,     328,     329,     330,     331,       
               332,     333,     334,     335,     336,     337,     338,       
               339,     340,     341,     342,     343,     344,     345,       
               346,     347,     348,     349,     350,     351,     352,       
               353,     354,     355,     356,     357,     358,     359,       
               360,     361,     362,     363,     364,     365,     366,       
               367,     368,     409,     430,     451,     472,     613,       
               614,     615,     616,     617,     618,     619,     620,       
               621,     622,     623,     624,     625,     626,     627,       
               628,     629,     630,     631,     632,     633,     634,       
               635,     636,     637,     638,     639,     640,     641,       
               642,     643,     644,     645,     646,     647,     648,       
               649,     650,     651,     652,     653,     654,     655,       
               656,     657,     658,     659,     660,     661,     662,       
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               663,     664,     665,     666,     667,     668,     669,       
               670,     671,     672,     673,     674,     675,     676,       
               677,     678,     679,     680,     681,     682,     683,       
               684,     685,     686,     687,     688,     689,     690,       
               691,     692,     693,     694,     695,     696,     697,       
               698,     699,     700,     701,     702,     703,     704,       
               705,     706,     707,     708,     709,     710,     711,       
               712,     713,     714,     715,     716,     717,     718,       
               719,     720,     721,     722,     723,     724,     725,       
               726,     727,     728,     729,     730,     731,     732,       
               733,     734,     775,     796,     817,     838,     979,       
               980,     981,     982,     983,     984,     985,     986,       
               987,     988,     989,     990,     991,     992,     993,       
               994,     995,     996,     997,     998,     999,    1000,       
              1001,    1002,    1003,    1004,    1005,    1006,    1007,       
              1008,    1009,    1010,    1011,    1012,    1013,    1014,       
              1015,    1016,    1017,    1018,    1019,    1020,    1021,       
              1022,    1023,    1024,    1025,    1026,    1027,    1028,       
              1029,    1030,    1031,    1032,    1033,    1034,    1035,       
              1036,    1037,    1038,    1039,    1040,    1041,    1042,       
              1043,    1044,    1045,    1046,    1047,    1048,    1049,       
              1050,    1051,    1052,    1053,    1054,    1055,    1056,       
              1057,    1058,    1059,    1060,    1061,    1062,    1063,       
              1064,    1065,    1066,    1067,    1068,    1069,    1070,       
              1071,    1072,    1073,    1074,    1075,    1076,    1077,       
              1078,    1079,    1080,    1081,    1082,    1083,    1084,       
              1085,    1086,    1087,    1088,    1089,    1090,    1091,       
              1092,    1093,    1094,    1095,    1096,    1097,    1098,       
              1099,    1100,    1141,    1162,    1183,    1204,    1345,       
              1346,    1347,    1348,    1349,    1350,    1351,    1352,       
              1353,    1354,    1355,    1356,    1357,    1358,    1359,       
              1360,    1361,    1362,    1363,    1364,    1365,    1366,       
              1367,    1368,    1369,    1370,    1371,    1372,    1373,       
              1374,    1375,    1376,    1377,    1378,    1379,    1380,       
              1381,    1382,    1383,    1384,    1385,    1386,    1387,       
              1388,    1389,    1390,    1391,    1392,    1393,    1394,       
              1395,    1396,    1397,    1398,    1399,    1400,    1401,       
              1402,    1403,    1404,    1405,    1406,    1407,    1408,       
              1409,    1410,    1411,    1412,    1413,    1414,    1415,       
              1416,    1417,    1418,    1419,    1420,    1421,    1422,       
              1423,    1424,    1425,    1426,    1427,    1428,    1429,       
              1430,    1431,    1432,    1433,    1434,    1435,    1436,       
              1437,    1438,    1439,    1440,    1441,    1442,    1443,       
              1444,    1445,    1446,    1447,    1448,    1449,    1450,       
              1451,    1452,    1453,    1454,    1455,    1456,    1457,       
              1458,    1459,    1460,    1461,    1462,    1463,    1464,       
              1465,    1466,    1507,    1528,    1549,    1570,    1711,       
              1712,    1713,    1714,    1715,    1716,    1717,    1718,       
              1719,    1720,    1721,    1722,    1723,    1724,    1725,       
              1726,    1727,    1728,    1729,    1730,    1731,    1732,       
              1733,    1734,    1735,    1736,    1737,    1738,    1739,       
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              1740,    1741,    1742,    1743,    1744,    1745,    1746,       
              1747,    1748,    1749,    1750,    1751,    1752,    1753,       
              1754,    1755,    1756,    1757,    1758,    1759,    1760,       
              1761,    1762,    1763,    1764,    1765,    1766,    1767,       
              1768,    1769,    1770,    1771,    1772,    1773,    1774,       
              1775,    1776,    1777,    1778,    1779,    1780,    1781,       
              1782,    1783,    1784,    1785,    1786,    1787,    1788,       
              1789,    1790,    1791,    1792,    1793,    1794,    1795,       
              1796,    1797,    1798,    1799,    1800,    1801,    1802,       
              1803,    1804,    1805,    1806,    1807,    1808,    1809,       
              1810,    1811,    1812,    1813,    1814,    1815,    1816,       
              1817,    1818,    1819,    1820,    1821,    1822,    1823,       
              1824,    1825,    1826,    1827,    1828,    1829,    1830,       
              1831,    1832,    1873,    1894,    1915,    1936,    2077,       
              2078,    2079,    2080,    2081,    2082,    2083,    2084,       
              2085,    2086,    2087,    2088,    2089,    2090,    2091,       
              2092,    2093,    2094,    2095,    2096,    2097,    2098,       
              2099,    2100,    2101,    2102,    2103,    2104,    2105,       
              2106,    2107,    2108,    2109,    2110,    2111,    2112,       
              2113,    2114,    2115,    2116,    2117,    2118,    2119,       
              2120,    2121,    2122,    2123,    2124,    2125,    2126,       
              2127,    2128,    2129,    2130,    2131,    2132,    2133,       
              2134,    2135,    2136,    2137,    2138,    2139,    2140,       
              2141,    2142,    2143,    2144,    2145,    2146,    2147,       
              2148,    2149,    2150,    2151,    2152,    2153,    2154,       
              2155,    2156,    2157,    2158,    2159,    2160,    2161,       
              2162,    2163,    2164,    2165,    2166,    2167,    2168,       
              2169,    2170,    2171,    2172,    2173,    2174,    2175,       
              2176,    2177,    2178,    2179,    2180,    2181,    2182,       
              2183,    2184,    2185,    2186,    2187,    2188,    2189,       
              2190,    2191,    2192,    2193,    2194,    2195,    2196,
              2201,    2202        
$ NODE SET
SET   40 =       2,       3,       4,       5,       6,       7,       8,       
                 9,      10,      11,      12,      13,      14,      15,       
                16,      17,      18,      19,      20,      21,      23,       
                24,      25,      26,      27,      28,      29,      30,       
                31,      32,      33,      34,      35,      36,      37,       
                38,      39,      40,      41,      42,      44,      45,       
                46,      47,      48,      49,      50,      51,      52,       
                53,      54,      55,      56,      57,      58,      59,       
                60,      61,      62,      63,      65,      66,      67,       
                68,      69,      70,      71,      72,      73,      74,       
                75,      76,      77,      78,      79,      80,      81,       
                82,      83,      84,      86,      87,      88,      89,       
                90,      91,      92,      93,      94,      95,      96,       
                97,      98,      99,     100,     101,     102,     103,       
               104,     105,     107,     108,     109,     110,     111,       
               112,     113,     114,     115,     116,     117,     118,       
               119,     120,     121,     122,     123,     124,     125,       
               126,     369,     370,     371,     372,     373,     374,       
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               375,     376,     377,     378,     379,     380,     381,       
               382,     383,     384,     385,     386,     387,     388,       
               389,     390,     391,     392,     393,     394,     395,       
               396,     397,     398,     399,     400,     401,     402,       
               403,     404,     405,     406,     407,     408,     410,       
               411,     412,     413,     414,     415,     416,     417,       
               418,     419,     420,     421,     422,     423,     424,       
               425,     426,     427,     428,     429,     431,     432,       
               433,     434,     435,     436,     437,     438,     439,       
               440,     441,     442,     443,     444,     445,     446,       
               447,     448,     449,     450,     452,     453,     454,       
               455,     456,     457,     458,     459,     460,     461,       
               462,     463,     464,     465,     466,     467,     468,       
               469,     470,     471,     473,     474,     475,     476,       
               477,     478,     479,     480,     481,     482,     483,       
               484,     485,     486,     487,     488,     489,     490,       
               491,     492,     735,     736,     737,     738,     739,       
               740,     741,     742,     743,     744,     745,     746,       
               747,     748,     749,     750,     751,     752,     753,       
               754,     755,     756,     757,     758,     759,     760,       
               761,     762,     763,     764,     765,     766,     767,       
               768,     769,     770,     771,     772,     773,     774,       
               776,     777,     778,     779,     780,     781,     782,       
               783,     784,     785,     786,     787,     788,     789,       
               790,     791,     792,     793,     794,     795,     797,       
               798,     799,     800,     801,     802,     803,     804,       
               805,     806,     807,     808,     809,     810,     811,       
               812,     813,     814,     815,     816,     818,     819,       
               820,     821,     822,     823,     824,     825,     826,       
               827,     828,     829,     830,     831,     832,     833,       
               834,     835,     836,     837,     839,     840,     841,       
               842,     843,     844,     845,     846,     847,     848,       
               849,     850,     851,     852,     853,     854,     855,       
               856,     857,     858,    1101,    1102,    1103,    1104,       
              1105,    1106,    1107,    1108,    1109,    1110,    1111,       
              1112,    1113,    1114,    1115,    1116,    1117,    1118,       
              1119,    1120,    1121,    1122,    1123,    1124,    1125,       
              1126,    1127,    1128,    1129,    1130,    1131,    1132,       
              1133,    1134,    1135,    1136,    1137,    1138,    1139,       
              1140,    1142,    1143,    1144,    1145,    1146,    1147,       
              1148,    1149,    1150,    1151,    1152,    1153,    1154,       
              1155,    1156,    1157,    1158,    1159,    1160,    1161,       
              1163,    1164,    1165,    1166,    1167,    1168,    1169,       
              1170,    1171,    1172,    1173,    1174,    1175,    1176,       
              1177,    1178,    1179,    1180,    1181,    1182,    1184,       
              1185,    1186,    1187,    1188,    1189,    1190,    1191,       
              1192,    1193,    1194,    1195,    1196,    1197,    1198,       
              1199,    1200,    1201,    1202,    1203,    1205,    1206,       
              1207,    1208,    1209,    1210,    1211,    1212,    1213,       
              1214,    1215,    1216,    1217,    1218,    1219,    1220,       
              1221,    1222,    1223,    1224,    1467,    1468,    1469,       
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              1470,    1471,    1472,    1473,    1474,    1475,    1476,       
              1477,    1478,    1479,    1480,    1481,    1482,    1483,       
              1484,    1485,    1486,    1487,    1488,    1489,    1490,       
              1491,    1492,    1493,    1494,    1495,    1496,    1497,       
              1498,    1499,    1500,    1501,    1502,    1503,    1504,       
              1505,    1506,    1508,    1509,    1510,    1511,    1512,       
              1513,    1514,    1515,    1516,    1517,    1518,    1519,       
              1520,    1521,    1522,    1523,    1524,    1525,    1526,       
              1527,    1529,    1530,    1531,    1532,    1533,    1534,       
              1535,    1536,    1537,    1538,    1539,    1540,    1541,       
              1542,    1543,    1544,    1545,    1546,    1547,    1548,       
              1550,    1551,    1552,    1553,    1554,    1555,    1556,       
              1557,    1558,    1559,    1560,    1561,    1562,    1563,       
              1564,    1565,    1566,    1567,    1568,    1569,    1571,       
              1572,    1573,    1574,    1575,    1576,    1577,    1578,       
              1579,    1580,    1581,    1582,    1583,    1584,    1585,       
              1586,    1587,    1588,    1589,    1590,    1833,    1834,       
              1835,    1836,    1837,    1838,    1839,    1840,    1841,       
              1842,    1843,    1844,    1845,    1846,    1847,    1848,       
              1849,    1850,    1851,    1852,    1853,    1854,    1855,       
              1856,    1857,    1858,    1859,    1860,    1861,    1862,       
              1863,    1864,    1865,    1866,    1867,    1868,    1869,       
              1870,    1871,    1872,    1874,    1875,    1876,    1877,       
              1878,    1879,    1880,    1881,    1882,    1883,    1884,       
              1885,    1886,    1887,    1888,    1889,    1890,    1891,       
              1892,    1893,    1895,    1896,    1897,    1898,    1899,       
              1900,    1901,    1902,    1903,    1904,    1905,    1906,       
              1907,    1908,    1909,    1910,    1911,    1912,    1913,       
              1914,    1916,    1917,    1918,    1919,    1920,    1921,       
              1922,    1923,    1924,    1925,    1926,    1927,    1928,       
              1929,    1930,    1931,    1932,    1933,    1934,    1935,       
              1937,    1938,    1939,    1940,    1941,    1942,    1943,       
              1944,    1945,    1946,    1947,    1948,    1949,    1950,       
              1951,    1952,    1953,    1954,    1955,    1956     
$ NODE SET
SET   50 =      21,      42,      63,      84,     105,     126,     127,       
               128,     129,     130,     131,     132,     133,     134,       
               135,     136,     137,     138,     139,     140,     141,       
               142,     143,     144,     145,     146,     147,     148,       
               149,     150,     151,     152,     153,     154,     155,       
               156,     157,     158,     159,     160,     161,     162,       
               163,     164,     165,     166,     167,     168,     169,       
               170,     171,     172,     173,     174,     175,     176,       
               177,     178,     179,     180,     181,     182,     183,       
               184,     185,     186,     187,     188,     189,     190,       
               191,     192,     193,     194,     195,     196,     197,       
               198,     199,     200,     201,     202,     203,     204,       
               205,     206,     207,     208,     209,     210,     211,       
               212,     213,     214,     215,     216,     217,     218,       
               219,     220,     221,     222,     223,     224,     225,       
               226,     227,     228,     229,     230,     231,     232,       
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               233,     234,     235,     236,     237,     238,     239,       
               240,     241,     242,     243,     244,     245,     246,       
               407,     408,     429,     450,     471,     492,     493,       
               494,     495,     496,     497,     498,     499,     500,       
               501,     502,     503,     504,     505,     506,     507,       
               508,     509,     510,     511,     512,     513,     514,       
               515,     516,     517,     518,     519,     520,     521,       
               522,     523,     524,     525,     526,     527,     528,       
               529,     530,     531,     532,     533,     534,     535,       
               536,     537,     538,     539,     540,     541,     542,       
               543,     544,     545,     546,     547,     548,     549,       
               550,     551,     552,     553,     554,     555,     556,       
               557,     558,     559,     560,     561,     562,     563,       
               564,     565,     566,     567,     568,     569,     570,       
               571,     572,     573,     574,     575,     576,     577,       
               578,     579,     580,     581,     582,     583,     584,       
               585,     586,     587,     588,     589,     590,     591,       
               592,     593,     594,     595,     596,     597,     598,       
               599,     600,     601,     602,     603,     604,     605,       
               606,     607,     608,     609,     610,     611,     612,       
               773,     774,     795,     816,     837,     858,     859,       
               860,     861,     862,     863,     864,     865,     866,       
               867,     868,     869,     870,     871,     872,     873,       
               874,     875,     876,     877,     878,     879,     880,       
               881,     882,     883,     884,     885,     886,     887,       
               888,     889,     890,     891,     892,     893,     894,       
               895,     896,     897,     898,     899,     900,     901,       
               902,     903,     904,     905,     906,     907,     908,       
               909,     910,     911,     912,     913,     914,     915,       
               916,     917,     918,     919,     920,     921,     922,       
               923,     924,     925,     926,     927,     928,     929,       
               930,     931,     932,     933,     934,     935,     936,       
               937,     938,     939,     940,     941,     942,     943,       
               944,     945,     946,     947,     948,     949,     950,       
               951,     952,     953,     954,     955,     956,     957,       
               958,     959,     960,     961,     962,     963,     964,       
               965,     966,     967,     968,     969,     970,     971,       
               972,     973,     974,     975,     976,     977,     978,       
              1139,    1140,    1161,    1182,    1203,    1224,    1225,       
              1226,    1227,    1228,    1229,    1230,    1231,    1232,       
              1233,    1234,    1235,    1236,    1237,    1238,    1239,       
              1240,    1241,    1242,    1243,    1244,    1245,    1246,       
              1247,    1248,    1249,    1250,    1251,    1252,    1253,       
              1254,    1255,    1256,    1257,    1258,    1259,    1260,       
              1261,    1262,    1263,    1264,    1265,    1266,    1267,       
              1268,    1269,    1270,    1271,    1272,    1273,    1274,       
              1275,    1276,    1277,    1278,    1279,    1280,    1281,       
              1282,    1283,    1284,    1285,    1286,    1287,    1288,       
              1289,    1290,    1291,    1292,    1293,    1294,    1295,       
              1296,    1297,    1298,    1299,    1300,    1301,    1302,       
              1303,    1304,    1305,    1306,    1307,    1308,    1309,       
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              1310,    1311,    1312,    1313,    1314,    1315,    1316,       
              1317,    1318,    1319,    1320,    1321,    1322,    1323,       
              1324,    1325,    1326,    1327,    1328,    1329,    1330,       
              1331,    1332,    1333,    1334,    1335,    1336,    1337,       
              1338,    1339,    1340,    1341,    1342,    1343,    1344,       
              1505,    1506,    1527,    1548,    1569,    1590,    1591,       
              1592,    1593,    1594,    1595,    1596,    1597,    1598,       
              1599,    1600,    1601,    1602,    1603,    1604,    1605,       
              1606,    1607,    1608,    1609,    1610,    1611,    1612,       
              1613,    1614,    1615,    1616,    1617,    1618,    1619,       
              1620,    1621,    1622,    1623,    1624,    1625,    1626,       
              1627,    1628,    1629,    1630,    1631,    1632,    1633,       
              1634,    1635,    1636,    1637,    1638,    1639,    1640,       
              1641,    1642,    1643,    1644,    1645,    1646,    1647,       
              1648,    1649,    1650,    1651,    1652,    1653,    1654,       
              1655,    1656,    1657,    1658,    1659,    1660,    1661,       
              1662,    1663,    1664,    1665,    1666,    1667,    1668,       
              1669,    1670,    1671,    1672,    1673,    1674,    1675,       
              1676,    1677,    1678,    1679,    1680,    1681,    1682,       
              1683,    1684,    1685,    1686,    1687,    1688,    1689,       
              1690,    1691,    1692,    1693,    1694,    1695,    1696,       
              1697,    1698,    1699,    1700,    1701,    1702,    1703,       
              1704,    1705,    1706,    1707,    1708,    1709,    1710,       
              1871,    1872,    1893,    1914,    1935,    1956,    1957,       
              1958,    1959,    1960,    1961,    1962,    1963,    1964,       
              1965,    1966,    1967,    1968,    1969,    1970,    1971,       
              1972,    1973,    1974,    1975,    1976,    1977,    1978,       
              1979,    1980,    1981,    1982,    1983,    1984,    1985,       
              1986,    1987,    1988,    1989,    1990,    1991,    1992,       
              1993,    1994,    1995,    1996,    1997,    1998,    1999,       
              2000,    2001,    2002,    2003,    2004,    2005,    2006,       
              2007,    2008,    2009,    2010,    2011,    2012,    2013,       
              2014,    2015,    2016,    2017,    2018,    2019,    2020,       
              2021,    2022,    2023,    2024,    2025,    2026,    2027,       
              2028,    2029,    2030,    2031,    2032,    2033,    2034,       
              2035,    2036,    2037,    2038,    2039,    2040,    2041,       
              2042,    2043,    2044,    2045,    2046,    2047,    2048,       
              2049,    2050,    2051,    2052,    2053,    2054,    2055,       
              2056,    2057,    2058,    2059,    2060,    2061,    2062,       
              2063,    2064,    2065,    2066,    2067,    2068,    2069,       
              2070,    2071,    2072,    2073,    2074,    2075,    2076        
$ NODE SET
SET   60 =       1,      22,      43,      64,      85,     106,     247,       
               248,     249,     250,     251,     252,     253,     254,       
               255,     256,     257,     258,     259,     260,     261,       
               262,     263,     264,     265,     266,     267,     268,       
               269,     270,     271,     272,     273,     274,     275,       
               276,     277,     278,     279,     280,     281,     282,       
               283,     284,     285,     286,     287,     288,     289,       
               290,     291,     292,     293,     294,     295,     296,       
               297,     298,     299,     300,     301,     302,     303,       
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               304,     305,     306,     307,     308,     309,     310,       
               311,     312,     313,     314,     315,     316,     317,       
               318,     319,     320,     321,     322,     323,     324,       
               325,     326,     327,     328,     329,     330,     331,       
               332,     333,     334,     335,     336,     337,     338,       
               339,     340,     341,     342,     343,     344,     345,       
               346,     347,     348,     349,     350,     351,     352,       
               353,     354,     355,     356,     357,     358,     359,       
               360,     361,     362,     363,     364,     365,     366,       
               367,     368,     409,     430,     451,     472,     613,       
               614,     615,     616,     617,     618,     619,     620,       
               621,     622,     623,     624,     625,     626,     627,       
               628,     629,     630,     631,     632,     633,     634,       
               635,     636,     637,     638,     639,     640,     641,       
               642,     643,     644,     645,     646,     647,     648,       
               649,     650,     651,     652,     653,     654,     655,       
               656,     657,     658,     659,     660,     661,     662,       
               663,     664,     665,     666,     667,     668,     669,       
               670,     671,     672,     673,     674,     675,     676,       
               677,     678,     679,     680,     681,     682,     683,       
               684,     685,     686,     687,     688,     689,     690,       
               691,     692,     693,     694,     695,     696,     697,       
               698,     699,     700,     701,     702,     703,     704,       
               705,     706,     707,     708,     709,     710,     711,       
               712,     713,     714,     715,     716,     717,     718,       
               719,     720,     721,     722,     723,     724,     725,       
               726,     727,     728,     729,     730,     731,     732,       
               733,     734,     775,     796,     817,     838,     979,       
               980,     981,     982,     983,     984,     985,     986,       
               987,     988,     989,     990,     991,     992,     993,       
               994,     995,     996,     997,     998,     999,    1000,       
              1001,    1002,    1003,    1004,    1005,    1006,    1007,       
              1008,    1009,    1010,    1011,    1012,    1013,    1014,       
              1015,    1016,    1017,    1018,    1019,    1020,    1021,       
              1022,    1023,    1024,    1025,    1026,    1027,    1028,       
              1029,    1030,    1031,    1032,    1033,    1034,    1035,       
              1036,    1037,    1038,    1039,    1040,    1041,    1042,       
              1043,    1044,    1045,    1046,    1047,    1048,    1049,       
              1050,    1051,    1052,    1053,    1054,    1055,    1056,       
              1057,    1058,    1059,    1060,    1061,    1062,    1063,       
              1064,    1065,    1066,    1067,    1068,    1069,    1070,       
              1071,    1072,    1073,    1074,    1075,    1076,    1077,       
              1078,    1079,    1080,    1081,    1082,    1083,    1084,       
              1085,    1086,    1087,    1088,    1089,    1090,    1091,       
              1092,    1093,    1094,    1095,    1096,    1097,    1098,       
              1099,    1100,    1141,    1162,    1183,    1204,    1345,       
              1346,    1347,    1348,    1349,    1350,    1351,    1352,       
              1353,    1354,    1355,    1356,    1357,    1358,    1359,       
              1360,    1361,    1362,    1363,    1364,    1365,    1366,       
              1367,    1368,    1369,    1370,    1371,    1372,    1373,       
              1374,    1375,    1376,    1377,    1378,    1379,    1380,       
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              1381,    1382,    1383,    1384,    1385,    1386,    1387,       
              1388,    1389,    1390,    1391,    1392,    1393,    1394,       
              1395,    1396,    1397,    1398,    1399,    1400,    1401,       
              1402,    1403,    1404,    1405,    1406,    1407,    1408,       
              1409,    1410,    1411,    1412,    1413,    1414,    1415,       
              1416,    1417,    1418,    1419,    1420,    1421,    1422,       
              1423,    1424,    1425,    1426,    1427,    1428,    1429,       
              1430,    1431,    1432,    1433,    1434,    1435,    1436,       
              1437,    1438,    1439,    1440,    1441,    1442,    1443,       
              1444,    1445,    1446,    1447,    1448,    1449,    1450,       
              1451,    1452,    1453,    1454,    1455,    1456,    1457,       
              1458,    1459,    1460,    1461,    1462,    1463,    1464,       
              1465,    1466,    1507,    1528,    1549,    1570,    1711,       
              1712,    1713,    1714,    1715,    1716,    1717,    1718,       
              1719,    1720,    1721,    1722,    1723,    1724,    1725,       
              1726,    1727,    1728,    1729,    1730,    1731,    1732,       
              1733,    1734,    1735,    1736,    1737,    1738,    1739,       
              1740,    1741,    1742,    1743,    1744,    1745,    1746,       
              1747,    1748,    1749,    1750,    1751,    1752,    1753,       
              1754,    1755,    1756,    1757,    1758,    1759,    1760,       
              1761,    1762,    1763,    1764,    1765,    1766,    1767,       
              1768,    1769,    1770,    1771,    1772,    1773,    1774,       
              1775,    1776,    1777,    1778,    1779,    1780,    1781,       
              1782,    1783,    1784,    1785,    1786,    1787,    1788,       
              1789,    1790,    1791,    1792,    1793,    1794,    1795,       
              1796,    1797,    1798,    1799,    1800,    1801,    1802,       
              1803,    1804,    1805,    1806,    1807,    1808,    1809,       
              1810,    1811,    1812,    1813,    1814,    1815,    1816,       
              1817,    1818,    1819,    1820,    1821,    1822,    1823,       
              1824,    1825,    1826,    1827,    1828,    1829,    1830,       
              1831,    1832,    1873,    1894,    1915,    1936,    2077,       
              2078,    2079,    2080,    2081,    2082,    2083,    2084,       
              2085,    2086,    2087,    2088,    2089,    2090,    2091,       
              2092,    2093,    2094,    2095,    2096,    2097,    2098,       
              2099,    2100,    2101,    2102,    2103,    2104,    2105,       
              2106,    2107,    2108,    2109,    2110,    2111,    2112,       
              2113,    2114,    2115,    2116,    2117,    2118,    2119,       
              2120,    2121,    2122,    2123,    2124,    2125,    2126,       
              2127,    2128,    2129,    2130,    2131,    2132,    2133,       
              2134,    2135,    2136,    2137,    2138,    2139,    2140,       
              2141,    2142,    2143,    2144,    2145,    2146,    2147,       
              2148,    2149,    2150,    2151,    2152,    2153,    2154,       
              2155,    2156,    2157,    2158,    2159,    2160,    2161,       
              2162,    2163,    2164,    2165,    2166,    2167,    2168,       
              2169,    2170,    2171,    2172,    2173,    2174,    2175,       
              2176,    2177,    2178,    2179,    2180,    2181,    2182,       
              2183,    2184,    2185,    2186,    2187,    2188,    2189,       
              2190,    2191,    2192,    2193,    2194,    2195,    2196        
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LOADCASE        1
   LABEL=CASE1                                                       
   SPC    =       1
   LOAD   =       1
   STRESS = POST
LOADCASE        2
   LABEL=CASE2                                                       
   SPC    =       1
   LOAD   =       2
   STRESS = POST
BEGIN BULK
$  --- DESIGN DATA ---
DOPT    
+          BASIS       0 OPTGRID       0                                        
$
DVAR          10EDGE_E       .0 -1.000001.000000
DVAR          15EDGE_M       .0 -1.000001.000000
DVAR          20DIA          .0 -1.000001.000000
$
DOMAIN        10
+       QUADX4        21     126    1956    1872   2197    2198 
+       GSET          10
+       DVAR          10      15
DOMAIN        20
+       QUAD4       1956    1872      21     126
+       GSET          20
+       DVAR          10      15
DOMAIN        30
+       QUAD4       1831    1936     106       1
+       GSET          30
+       DVAR          10      15
DOMAIN        40
+       BARX         126      21    2198    2197
+       GSET          40
+       DVAR          20
DOMAIN        50
+       BAR          126      21
+       GSET          50
+       DVAR          20
DOMAIN        60
+       BAR            1     106
+       GSET          60
+       DVAR          20
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$
DVGRIDC       10      21                     .0      .0 2.000000
DVGRIDC       10     126                     .0      .0 2.000000
DVGRIDC       10    1872                     .0      .0 -2.00000
DVGRIDC       10    1956                     .0      .0 -2.00000
DVGRIDC       10       1                     .0      .0 2.000000
DVGRIDC       10    1831                     .0      .0 -2.00000
DVGRIDC       10     106                     .0      .0 2.000000
DVGRIDC       10    1936                     .0      .0 -2.00000
DVGRIDC       15    2199                     .0      .0 -4.00000
DVGRIDC       15    2200                     .0      .0 4.000000
DVGRIDC       15    2201                     .0      .0 -4.00000
DVGRIDC       15    2202                     .0      .0 4.000000
DVGRIDC       20     126                     .0 2.000000     .0
DVGRIDC       20     106                     .0 -2.00000     .0
$
$
DRESP1        10MASS_T  MASS
DRESP1        20STRESS_CSTRESS  PROP                   7       2
DCONS         20                1800.000
$
DOBJ          10OBJ     
$
$  --- ANALYSIS DATA ---
$
INCLUDE = D043.blk
$
ENDDATA
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2.42.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
SHAPE                                                                   
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===== START MESH SMOOTHING FOR PID =       2
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== END MESH SMOOTHING FOR PID =       2
===== FE MESH HAS BEEN IMPROVED & CHANGED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    2
SHAPE                                                                   
                                                                        

===== START MESH SMOOTHING FOR PID =       3
===== CHECK FINITE ELEMENT MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== WILL TRY TO IMPROVE MESH QUALITY
=====      0 ERRORS &      0 UNDESIRABLE FEATURES IN      0 ELEMENTS
===== END MESH SMOOTHING FOR PID =       3
===== FE MESH HAS BEEN IMPROVED & CHANGED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    3
SHAPE                                                                   
                                                                        

PROJECT NAME: D042                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    172
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:        136
                  NUMBER OF CTRIA3->PSHELL ELEMENTS:          4
                  NUMBER OF CONM2 ELEMENTS:                   1
                  TOTAL NUMBER OF NON RIGID ELEMENTS:       141
                  NUMBER OF ELEMENT PROPERTIES:               2
                  NUMBER OF MATERIALS:                        2
                  NUMBER OF DEGREES OF FREEDOM:             936

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       2
                 TOTAL NUMBER OF DESIGN VARIABLES:             2
                 NUMBER OF SHAPE DESIGN VARIABLES:             2
544 Design Examples Manual November 2009 GENESIS



                 NUMBER OF DIRECT RESPONSES:                   2
                 NUMBER OF CONSTRAINTS:                        2

                              LOAD CASES SUMMARY

                 NUMBER OF FREQUENCY LOAD CASES:               1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  148
SHAPE                                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      8 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  149
SHAPE                                                                   
                                                                        

                  R I G I D   B O D Y   M A S S   M A T R I X
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                          A T   G R D P N T  =        0

      MX          MXY          MXZ         MTR11         MTR12       MTR13
      MYX         MY           MYZ         MTR21         MTR22       MTR23
      MZX         MZY          MZ          MTR31         MTR32       MTR33
     MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
     MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
     MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 

  1.85687E+02  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00  4.91418E-02
  0.00000E+00  1.85687E+02  0.00000E+00  0.00000E+00  0.00000E+00  1.17918E+03
  0.00000E+00  0.00000E+00  1.85687E+02 -4.91418E-02 -1.17918E+03  0.00000E+00
  0.00000E+00  0.00000E+00 -4.91418E-02  1.59028E+02  6.72166E-01  0.00000E+00
  0.00000E+00  0.00000E+00 -1.17918E+03  6.72166E-01  1.18397E+04  0.00000E+00
  4.91418E-02  1.17918E+03  0.00000E+00  0.00000E+00  0.00000E+00  1.19987E+04
 

                     P R I N C I P A L   I N E R T I A S 
                         A T   G R D P N T  =       0

                      I1             I2             I3
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                 1.199873E+04   1.183970E+04   1.590280E+02
 

             P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                         A T   G R D P N T   =       0

                      X1             X2             X3
                      Y1             Y2             Y3
                      Z1             Z2             Z3

                 0.000000E+00   5.754515E-05  -1.000000E+00
                 0.000000E+00   1.000000E+00   5.754515E-05
                 1.000000E+00   0.000000E+00   0.000000E+00
 

                      C E N T E R   O F   G R A V I T Y 
            W I T H   R E S P E C T   T O   G R D P N T  =       0
    DIRECTION
MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

       X         1.856875E+02   0.000000E+00  -2.646477E-04   0.000000E+00
       Y         1.856875E+02   6.350351E+00   0.000000E+00   0.000000E+00
       Z         1.856875E+02   6.350351E+00  -2.646477E-04   0.000000E+00
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  150
SHAPE                                                                   
                                                                        

                        S Y S T E M   I N E R T I A S 
             I N   B A S I C   C O O R D I N A T E   S Y S T E M
                   A T   C E N T E R   O F   G R A V I T Y

                      IXX            IXY            IXZ
                      IYX            IYY            IYZ
                      IZX            IZY            IZZ

                 1.590280E+02  -3.600984E-01   0.000000E+00
                -3.600984E-01   4.351488E+03   0.000000E+00
                 0.000000E+00   0.000000E+00   4.510517E+03
 

                     P R I N C I P A L   I N E R T I A S 
                   A T   C E N T E R   O F   G R A V I T Y

                      I1             I2             I3
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                 4.510517E+03   4.351489E+03   1.590280E+02
 

             P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                   A T   C E N T E R   O F   G R A V I T Y

                      X1             X2             X3
                      Y1             Y2             Y3
                      Z1             Z2             Z3

                 0.000000E+00   8.589191E-05  -1.000000E+00
                 0.000000E+00   1.000000E+00   8.589191E-05
                 1.000000E+00   0.000000E+00   0.000000E+00
 

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  151
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1

                          E I G E N V A L U E S

                                                    GENERALIZED   GENERALIZED
  MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       1  7.078544E-01  1.978097E+01  4.447581E+00  3.060828E+01  6.054616E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  152
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
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              0.000000E+00      0.000000E+00      0.000000E+00

       4      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       5      8.633607E-11     -1.393535E-11     -3.819867E-04
             -8.228212E-04     -7.198673E-04     -7.388348E-11

       6      1.079552E-10     -5.029110E-11      2.387507E-04
             -3.087878E-04     -3.069273E-03     -1.332897E-10

       7      1.225662E-10     -1.022122E-10      2.656633E-03
              2.253949E-04     -8.167777E-03     -1.088503E-10

       8      1.095764E-10     -2.057725E-10      9.849668E-03
              2.395757E-05     -1.657594E-02     -2.560801E-10

       9      1.437089E-10     -1.995119E-11     -8.835678E-04
             -1.261582E-03     -9.235978E-04     -1.397902E-10

      10      1.765156E-10     -8.040569E-11      3.266778E-04
             -9.909164E-04     -3.811862E-03     -7.787341E-11

      11      2.188105E-10     -1.475620E-10      4.285318E-03
             -1.015582E-03     -9.893000E-03     -1.590811E-10

      12      2.636825E-10     -2.733837E-10      1.467486E-02
             -1.323530E-03     -1.920072E-02     -2.071492E-10

      13      1.808685E-10     -1.439813E-11     -1.586800E-03
             -1.549518E-03     -6.832287E-04     -6.284187E-11

      14      2.265036E-10     -8.025499E-11     -5.530665E-04
             -1.768654E-03     -3.599147E-03     -1.615523E-10

      15      2.634512E-10     -1.608453E-10      3.044688E-03
             -2.175071E-03     -7.084022E-03     -4.817485E-11

      16      3.090884E-10     -2.554173E-10      1.223811E-02
             -2.186518E-03     -1.668923E-02     -1.984340E-10

      17     -1.812131E-10     -1.420526E-11     -1.598750E-03
              1.563351E-03     -6.919551E-04     -6.418534E-11

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  153
SHAPE                                                                   
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                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      18     -2.268183E-10     -8.023661E-11     -5.537089E-04
              1.775416E-03     -3.618494E-03     -1.609930E-10

      19     -2.636385E-10     -1.608411E-10      3.057228E-03
              2.175268E-03     -7.100907E-03     -4.901976E-11

      20     -3.092235E-10     -2.553173E-10      1.225534E-02
              2.183206E-03     -1.669339E-02     -1.971925E-10

      21     -1.420579E-10     -1.789968E-11     -8.944822E-04
              1.271941E-03     -8.628116E-04     -1.373604E-10

      22     -1.756108E-10     -7.923382E-11      2.982887E-04
              9.863317E-04     -3.763072E-03     -7.934109E-11

      23     -2.182590E-10     -1.469454E-10      4.265149E-03
              1.001727E-03     -9.870802E-03     -1.579741E-10

      24     -2.629115E-10     -2.725603E-10      1.464097E-02
              1.303591E-03     -1.916915E-02     -2.080703E-10

      25     -8.434111E-11     -1.225448E-11     -3.837655E-04
              8.279837E-04     -6.639563E-04     -7.756810E-11

      26     -1.073241E-10     -4.955384E-11      2.224834E-04
              3.170526E-04     -3.022255E-03     -1.324573E-10

      27     -1.214677E-10     -1.015659E-10      2.636496E-03
             -2.343248E-04     -8.148777E-03     -1.112483E-10

      28     -1.076983E-10     -2.044307E-10      9.788198E-03
             -5.717706E-05     -1.652342E-02     -2.546498E-10

      29      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      30      0.000000E+00      0.000000E+00      0.000000E+00
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              0.000000E+00      0.000000E+00      0.000000E+00

      31      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      32      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      33      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      34      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  154
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      35      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      36      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      37      1.280338E-12      4.341343E-11      4.159425E-05
             -1.379303E-05      8.071696E-05     -5.896406E-11

      38      1.597835E-11      4.016595E-11      7.935763E-06
             -1.962747E-04      6.017877E-05     -5.529965E-11

      39      3.155588E-11      3.595640E-11     -8.365823E-05
             -4.401849E-04      4.053420E-05     -6.959460E-11

      40      4.889825E-11      2.740339E-11     -2.318553E-04
             -7.307960E-04      2.963263E-05     -6.393281E-11

      41      6.812033E-11      1.194146E-11     -3.913658E-04
             -9.341347E-04     -8.414198E-05     -9.698147E-11
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      42      2.003565E-12      7.070665E-11      8.432417E-05
             -1.977687E-05      1.341292E-04     -5.414233E-11

      43      2.691710E-11      6.857179E-11      1.267705E-05
             -2.572531E-04      1.262277E-04     -6.976040E-11

      44      5.363520E-11      6.048884E-11     -1.918105E-04
             -5.777455E-04      1.303716E-04     -6.115434E-11

      45      8.246687E-11      4.504549E-11     -5.188608E-04
             -9.674551E-04      1.584699E-04     -9.089428E-11

      46      1.122636E-10      1.944602E-11     -8.633782E-04
             -1.275780E-03      4.442178E-05     -6.928500E-11

      47     -2.415805E-13      9.481667E-11      1.463455E-04
              2.874706E-06      1.799318E-04     -6.909402E-11

      48      3.411799E-11      9.158681E-11      4.322567E-05
             -2.442078E-04      1.735652E-04     -5.337417E-11

      49      7.004059E-11      8.188863E-11     -2.690711E-04
             -5.586222E-04      1.861451E-04     -7.690857E-11

      50      1.079681E-10      6.223729E-11     -7.810820E-04
             -9.462963E-04      2.027970E-04     -6.281954E-11

      51      1.450955E-10      3.003354E-11     -1.359496E-03
             -1.341966E-03      8.207719E-05     -1.033794E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  155
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      52     -2.657438E-11      9.282961E-11      8.510374E-05
              1.830400E-04      1.803613E-04     -5.426833E-11
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      53     -6.390509E-11      8.404813E-11     -2.042713E-04
              5.017440E-04      1.824667E-04     -7.519885E-11

      54     -1.037363E-10      6.525296E-11     -7.228319E-04
              9.044923E-04      2.027910E-04     -6.183571E-11

      55     -1.432197E-10      3.251735E-11     -1.340987E-03
              1.325522E-03      9.726119E-05     -1.029682E-10

      56     -2.309478E-11      6.880535E-11      3.064547E-05
              2.184728E-04      1.298841E-04     -7.074807E-11

      57     -4.955405E-11      6.200607E-11     -1.542230E-04
              5.261357E-04      1.293111E-04     -5.917866E-11

      58     -7.851174E-11      4.712122E-11     -4.754431E-04
              9.257907E-04      1.550137E-04     -8.992639E-11

      59     -1.093950E-10      2.181724E-11     -8.403271E-04
              1.266517E-03      6.455178E-05     -7.032732E-11

      60     -1.330060E-11      4.154953E-11      1.765915E-05
              1.555299E-04      6.780615E-05     -4.960295E-11

      61     -2.766335E-11      3.620055E-11     -5.923163E-05
              3.830819E-04      4.306042E-05     -6.806477E-11

      62     -4.487240E-11      2.848125E-11     -2.006172E-04
              6.835077E-04      3.336216E-05     -6.213383E-11

      63     -6.452366E-11      1.373575E-11     -3.676905E-04
              9.176998E-04     -5.782176E-05     -9.376344E-11

      64      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      65      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      66      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      67      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

      68      9.109665E-13     -3.529480E-10      2.308525E-02
             -1.242774E-05     -2.509626E-02     -2.974485E-10
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  156
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      69      3.389379E-13     -7.912813E-10      6.190278E-02
             -1.087216E-05     -3.837828E-02     -3.378851E-10

      70      1.258368E-13     -1.269824E-09      1.092296E-01
             -1.056705E-05     -4.903970E-02     -4.793048E-10

      71     -8.921066E-14     -1.775080E-09      1.631287E-01
             -1.063428E-05     -5.746843E-02     -4.949947E-10

      72     -1.640843E-13     -2.313942E-09      2.233099E-01
             -1.074049E-05     -6.462669E-02     -5.700100E-10

      73     -2.243326E-13     -2.883743E-09      2.885249E-01
             -1.083844E-05     -7.067911E-02     -5.896128E-10

      74     -2.803793E-13     -3.481528E-09      3.578599E-01
             -1.094098E-05     -7.575396E-02     -6.474262E-10

      75     -4.437495E-13     -4.111383E-09      4.313077E-01
             -1.105578E-05     -7.999333E-02     -6.676288E-10

      76     -8.106330E-13     -4.783606E-09      5.095817E-01
             -1.103213E-05     -8.354236E-02     -7.160717E-10

      77     -1.814938E-12     -5.519142E-09      5.944643E-01
             -1.089629E-05     -8.660797E-02     -7.482260E-10

      78     -3.755765E-12     -6.356358E-09      6.883085E-01
             -1.068068E-05     -8.929926E-02     -8.209803E-10

      79     -8.496717E-12     -7.268305E-09      7.840694E-01
             -1.267495E-05     -9.098530E-02     -8.600016E-10
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      80      1.359988E-10     -4.234239E-10      2.808202E-02
             -5.416135E-04     -2.671800E-02     -2.537535E-10

      81      1.952147E-10     -8.288491E-10      6.478329E-02
             -9.844676E-04     -3.933067E-02     -4.241138E-10

      82      2.491381E-10     -1.292013E-09      1.108110E-01
             -1.063835E-03     -4.934591E-02     -4.403986E-10

      83      2.826759E-10     -1.791711E-09      1.644395E-01
             -1.045257E-03     -5.770001E-02     -5.269738E-10

      84      3.076692E-10     -2.330901E-09      2.247364E-01
             -9.762571E-04     -6.482759E-02     -5.467652E-10

      85      3.232931E-10     -2.905033E-09      2.905657E-01
             -8.628283E-04     -7.089440E-02     -6.120254E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  157
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

      86      3.254961E-10     -3.510464E-09      3.609063E-01
             -7.253882E-04     -7.598783E-02     -6.319828E-10

      87      3.148513E-10     -4.146846E-09      4.351614E-01
             -5.877326E-04     -8.020905E-02     -6.838427E-10

      88      2.918345E-10     -4.815224E-09      5.130594E-01
             -4.675239E-04     -8.368984E-02     -7.058397E-10

      89      2.568249E-10     -5.545816E-09      5.973358E-01
             -3.669177E-04     -8.669051E-02     -7.568257E-10

      90      2.310029E-10     -6.376773E-09      6.904514E-01
             -2.241243E-04     -8.935255E-02     -8.089026E-10

      91      2.748392E-10     -7.276329E-09      7.847965E-01
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             -8.587238E-05     -9.099984E-02     -8.813949E-10

      92      3.257794E-10     -5.423948E-10      3.669398E-02
             -1.641712E-03     -3.040195E-02     -3.854696E-10

      93      4.352987E-10     -9.075075E-10      7.001837E-02
             -2.046802E-03     -4.090066E-02     -4.026378E-10

      94      5.198909E-10     -1.347499E-09      1.147989E-01
             -2.173646E-03     -5.023348E-02     -4.821510E-10

      95      5.795383E-10     -1.843659E-09      1.685078E-01
             -2.102108E-03     -5.841484E-02     -5.044045E-10

      96      6.219688E-10     -2.388153E-09      2.298170E-01
             -1.914404E-03     -6.550763E-02     -5.761690E-10

      97      6.472195E-10     -2.976689E-09      2.976767E-01
             -1.653324E-03     -7.159399E-02     -5.979819E-10

      98      6.502921E-10     -3.602485E-09      3.706778E-01
             -1.360521E-03     -7.669233E-02     -6.562737E-10

      99      6.337107E-10     -4.254469E-09      4.469741E-01
             -1.089394E-03     -8.083940E-02     -6.758158E-10

     100      5.919929E-10     -4.926777E-09      5.253629E-01
             -8.631687E-04     -8.417028E-02     -7.225648E-10

     101      5.095569E-10     -5.623672E-09      6.058523E-01
             -6.709871E-04     -8.690398E-02     -7.428541E-10

     102      4.497035E-10     -6.469766E-09      7.003269E-01
             -3.614883E-04     -8.956704E-02     -8.258577E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  158
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3
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     103      5.545325E-10     -7.345957E-09      7.916168E-01
             -1.013472E-04     -9.108129E-02     -8.760526E-10

     104      5.573733E-10     -5.719221E-10      3.640748E-02
             -3.247432E-03     -3.203257E-02     -3.776551E-10

     105      7.123147E-10     -9.728561E-10      7.322427E-02
             -3.508414E-03     -4.227779E-02     -4.435700E-10

     106      8.221298E-10     -1.429351E-09      1.204047E-01
             -3.409327E-03     -5.142502E-02     -4.691053E-10

     107      8.948284E-10     -1.938820E-09      1.763710E-01
             -3.131426E-03     -5.943937E-02     -5.438107E-10

     108      9.429781E-10     -2.495346E-09      2.398041E-01
             -2.731267E-03     -6.640959E-02     -5.667145E-10

     109      9.692832E-10     -3.097974E-09      3.099019E-01
             -2.280703E-03     -7.239956E-02     -6.300733E-10

     110      9.778654E-10     -3.739016E-09      3.851512E-01
             -1.843785E-03     -7.740478E-02     -6.518821E-10

     111      9.630963E-10     -4.418366E-09      4.648955E-01
             -1.452576E-03     -8.147441E-02     -7.045124E-10

     112      8.990350E-10     -5.130094E-09      5.481552E-01
             -1.117529E-03     -8.473725E-02     -7.176185E-10

     113      7.611424E-10     -5.876285E-09      6.339527E-01
             -7.518868E-04     -8.739516E-02     -7.789841E-10

     114      5.475313E-10     -6.670638E-09      7.214839E-01
             -3.150842E-04     -9.003732E-02     -8.648769E-10

     115      9.501958E-10     -7.590182E-09      8.162719E-01
             -1.282199E-04     -9.140258E-02     -9.029803E-10

     116     -1.347117E-10     -4.224282E-10      2.801196E-02
              5.216418E-04     -2.668364E-02     -2.542104E-10

     117     -1.944301E-10     -8.280990E-10      6.473020E-02
              9.654839E-04     -3.931659E-02     -4.231689E-10

     118     -2.490096E-10     -1.291572E-09      1.107769E-01
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              1.043929E-03     -4.933936E-02     -4.408370E-10

     119     -2.828660E-10     -1.791428E-09      1.644191E-01
              1.024521E-03     -5.769650E-02     -5.266969E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  159
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     120     -3.080849E-10     -2.330659E-09      2.247202E-01
              9.551672E-04     -6.482511E-02     -5.468912E-10

     121     -3.236929E-10     -2.904761E-09      2.905463E-01
              8.412725E-04     -7.089214E-02     -6.118823E-10

     122     -3.261330E-10     -3.510059E-09      3.608696E-01
              7.037688E-04     -7.598512E-02     -6.320347E-10

     123     -3.157327E-10     -4.146142E-09      4.350892E-01
              5.658517E-04     -8.020541E-02     -6.836873E-10

     124     -2.933826E-10     -4.814083E-09      5.129344E-01
              4.454553E-04     -8.368527E-02     -7.059585E-10

     125     -2.598201E-10     -5.544598E-09      5.972047E-01
              3.449047E-04     -8.668660E-02     -7.564287E-10

     126     -2.379476E-10     -6.378080E-09      6.906090E-01
              2.006043E-04     -8.935712E-02     -8.093739E-10

     127     -2.863772E-10     -7.287998E-09      7.860126E-01
              5.796357E-05     -9.101594E-02     -8.823459E-10

     128     -3.248197E-10     -5.413169E-10      3.663111E-02
              1.623570E-03     -3.037416E-02     -3.838488E-10

     129     -4.348643E-10     -9.066904E-10      6.996541E-02
              2.030961E-03     -4.088685E-02     -4.035708E-10
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     130     -5.199289E-10     -1.347033E-09      1.147716E-01
              2.155094E-03     -5.022799E-02     -4.815181E-10

     131     -5.798892E-10     -1.843325E-09      1.684917E-01
              2.082186E-03     -5.841144E-02     -5.047814E-10

     132     -6.223288E-10     -2.387974E-09      2.298203E-01
              1.893370E-03     -6.550627E-02     -5.758734E-10

     133     -6.476449E-10     -2.976373E-09      2.976630E-01
              1.631875E-03     -7.159166E-02     -5.981279E-10

     134     -6.508972E-10     -3.602023E-09      3.706459E-01
              1.338896E-03     -7.668972E-02     -6.560805E-10

     135     -6.345119E-10     -4.253679E-09      4.469011E-01
              1.067344E-03     -8.083570E-02     -6.759490E-10

     136     -5.931841E-10     -4.925416E-09      5.252232E-01
              8.405521E-04     -8.416537E-02     -7.221955E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  160
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     137     -5.116161E-10     -5.621360E-09      6.056036E-01
              6.477430E-04     -8.689576E-02     -7.430814E-10

     138     -4.533706E-10     -6.468946E-09      7.002564E-01
              3.355634E-04     -8.956515E-02     -8.254093E-10

     139     -5.658005E-10     -7.351880E-09      7.922510E-01
              7.354459E-05     -9.109078E-02     -8.761628E-10

     140     -5.575304E-10     -5.718876E-10      3.642976E-02
              3.241340E-03     -3.203454E-02     -3.790463E-10
558 Design Examples Manual November 2009 GENESIS



     141     -7.125325E-10     -9.728500E-10      7.325490E-02
              3.492493E-03     -4.228562E-02     -4.428205E-10

     142     -8.227635E-10     -1.429372E-09      1.204347E-01
              3.391737E-03     -5.143075E-02     -4.698956E-10

     143     -8.953815E-10     -1.938836E-09      1.764046E-01
              3.111369E-03     -5.944079E-02     -5.433734E-10

     144     -9.435335E-10     -2.495354E-09      2.398386E-01
              2.710477E-03     -6.641042E-02     -5.670018E-10

     145     -9.698359E-10     -3.097972E-09      3.099359E-01
              2.259100E-03     -7.240039E-02     -6.298770E-10

     146     -9.784297E-10     -3.739015E-09      3.851841E-01
              1.821418E-03     -7.740564E-02     -6.521008E-10

     147     -9.636585E-10     -4.418367E-09      4.649272E-01
              1.429241E-03     -8.147562E-02     -7.043018E-10

     148     -8.995921E-10     -5.130067E-09      5.481838E-01
              1.093126E-03     -8.473847E-02     -7.178890E-10

     149     -7.617932E-10     -5.876278E-09      6.339778E-01
              7.247651E-04     -8.739888E-02     -7.788054E-10

     150     -5.479164E-10     -6.670568E-09      7.215008E-01
              2.870195E-04     -9.003757E-02     -8.649132E-10

     151     -9.517439E-10     -7.590138E-09      8.163030E-01
              1.000788E-04     -9.140056E-02     -9.044897E-10

     152      1.897069E-13     -8.182646E-09      8.774624E-01
             -1.432183E-05     -9.157611E-02     -8.978728E-10

     153     -2.627530E-11     -8.756529E-09      9.365596E-01
             -1.180878E-05     -9.165685E-02     -8.832718E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  161
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
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                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     154      1.772035E-13     -9.370637E-09      1.000000E+00
             -1.363256E-05     -9.168520E-02     -8.920034E-10

     155      2.953885E-10     -8.171049E-09      8.762557E-01
             -5.617722E-05     -9.157347E-02     -8.839818E-10

     156      2.766157E-10     -8.721881E-09      9.329726E-01
             -4.046580E-05     -9.165752E-02     -8.927134E-10

     157      2.393733E-10     -9.333327E-09      9.961433E-01
             -2.400100E-05     -9.168416E-02     -8.832783E-10

     158      6.268989E-10     -8.109385E-09      8.698154E-01
             -1.054778E-04     -9.155375E-02     -8.951582E-10

     159      5.558503E-10     -8.616371E-09      9.220866E-01
             -6.481186E-05     -9.164932E-02     -8.849919E-10

     160      5.848866E-10     -9.145346E-09      9.766894E-01
             -4.159014E-05     -9.167776E-02     -8.910389E-10

     161      9.190782E-10     -8.004663E-09      8.589742E-01
             -1.373389E-04     -9.147098E-02     -8.691358E-10

     162      8.899681E-10     -8.419673E-09      9.017571E-01
             -1.012233E-04     -9.161101E-02     -8.935662E-10

     163      8.196416E-10     -8.827461E-09      9.438464E-01
             -6.156942E-05     -9.165321E-02     -8.871304E-10

     164     -9.172844E-10     -8.045541E-09      8.632155E-01
              1.078690E-04     -9.148427E-02     -8.681422E-10

     165     -8.854340E-10     -8.501495E-09      9.102209E-01
              6.170492E-05     -9.162509E-02     -8.945254E-10

     166     -8.467032E-10     -8.737821E-09      9.346109E-01
              4.024964E-05     -9.164771E-02     -8.879245E-10

     167     -6.461891E-10     -8.130021E-09      8.719415E-01
              7.823096E-05     -9.156178E-02     -8.958671E-10
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     168     -5.847774E-10     -8.599511E-09      9.203595E-01
              3.814603E-05     -9.164626E-02     -8.841188E-10

     169     -6.651856E-10     -9.064633E-09      9.683614E-01
              1.934634E-05     -9.167505E-02     -8.918808E-10

     170     -3.328788E-10     -8.180161E-09      8.771797E-01
              3.158569E-05     -9.157401E-02     -8.838106E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  162
SHAPE                                                                   
                                                                        
                                                             LOADCASE         1
                          E I G E N V E C T O R

EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  7.078544E-01
                                 EIGENVALUE     =  1.978097E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

     171     -3.076110E-10     -8.725931E-09      9.334027E-01
              1.479023E-05     -9.165897E-02     -8.930242E-10

     172     -3.647696E-10     -9.287301E-09      9.913816E-01
              3.387996E-06     -9.168095E-02     -8.831222E-10

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  163
SHAPE                                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      8 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  7.078544E-01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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  -----------------------------------------------------------------------
        10     DVS_1      -5.000000E-01   -6.050926E-02    5.000000E-01
        20     DVS_2      -5.000000E-01    5.000000E-01    5.000000E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  164
SHAPE                                                                   
                                                                        

 CONSTRAINT

                        INERTIA             
  --------------------------------------------------------------------------
-
                                         RESPONSE   BOUND   BOUND     BOUND
   DRESP1 #    TYPE                      VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
          2  IZZ (GP)                  1.199873E+04  UB   1.200000E+04   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  165
SHAPE                                                                   
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 7.047E-04 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  166
SHAPE                                                                   
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     7.0466E-01         7.2%
   1     7.0404E-01         4.0%
   2     7.0293E-01         0.9%
   3     7.0404E-01         0.0%
   4     7.0497E-01         0.0%
   5     7.0558E-01         0.0%
   6     7.0726E-01         0.0%
   7     7.0781E-01         0.0%
   8     7.0785E-01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE  167
SHAPE                                                                   
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE
              10            20
           DVS_1         DVS_2

   0     0.0000E+00    0.0000E+00 
   1     1.0000E-01    1.0000E-01 
   2     2.0000E-01    2.0000E-01 
   3     1.8202E-01    2.8756E-01 
   4     1.4534E-01    3.2215E-01 
   5     1.1731E-01    3.4863E-01 
   6     1.3650E-02    4.4669E-01 
   7    -5.2571E-02    4.9539E-01 
   8    -6.0509E-02    5.0000E-01*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
***** THERE WERE        6 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.43 Shape Design of a Curved Beam

Example ID:
D043

Design Data Used:
DOMAIN, QUADX4, BARX

Special Feature Used:

Problem Statement:
Minimize the mass of structure subject to stresses from two loadcases.  

Design Problem: 
Minimize the mass; von Mises stress constraint; 6 domains; 3 design variables.

Problem Description:
Domains 10,20 and 30 (as shown in Fig. 2-46) were defined to be used with two design variables.  
Domain 10 is a QUADX4 (quadrilateral axisymmetric domain),  which interpolates the control 
perturbations in an axisymmetric manner around the curved end of the structure. Domains 20 and 
30 are QUAD4s (quadrilateral domains). The perturbation vectors for the first design variable 
control the uniform thickness of the structure as shown in (p. 565).  The resulting basis vector is 
shown in (p. 565). The second design variable uses mid-side perturbations to create a quadratic 
variation in the thickness, as shown in (p. 566) and (p. 566). 
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Figure 2-18

Figure 2-19
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Figure 2-20

Figure 2-21
To demonstrate the use of BAR and BARX domains, additional domains were created as 
described below. The second set of domains 40 (BARX, axisymmetric bar domain), 50 and 60 
(BAR domains) are shown together with perturbation vectors in (p. 567).  This combination of 
domains and perturbation vectors changes the structural shape as shown in (p. 567). Note that the 
QUADX4 and QUAD4 domains could also have         been used to generate this basis shape by 
using equal perturbation vectors at the top and bottom corners.
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Figure 2-22

Figure 2-23

Results:
The maximum von Mises stress was 1522 in original shape and the allowable maximum stress 
was set to 1800.  The mass of final solution is reduced to 52% of original mass.  The original 
shape and final shape with stress contour were shown in (p. 568) and (p. 568).  To demonstrate 
cyclic symmetry capability, TSYM1 was used.
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Figure 2-24

Figure 2-25
568 Design Examples Manual November 2009 GENESIS



2.43.1 Input Data
The input data  file is quite large and is contained on the example directory of the distribution 
media.
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2.43.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE    1
AXIS DOMAIN EXAMPLE                                                     
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PROJECT NAME: D043                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                   2202
                  NUMBER OF CHEXA ELEMENTS:                1500
                  TOTAL NUMBER OF NON RIGID ELEMENTS:      1500
                  NUMBER OF ELEMENT PROPERTIES:               2
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:            6210

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                 TOTAL NUMBER OF DESIGN VARIABLES:             3
                 NUMBER OF SHAPE DESIGN VARIABLES:             3
                 NUMBER OF DIRECT RESPONSES:                3001
                 NUMBER OF CONSTRAINTS:                     6000

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  2
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   42
AXIS DOMAIN EXAMPLE                                                     
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     10 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   43
AXIS DOMAIN EXAMPLE                                                     
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  1.406283E-12 ; STRAIN ENERGY :  1.025191E+04
LOADCASE        2 ; RESIDUAL :  1.886375E-12 ; STRAIN ENERGY :  1.463222E+04
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   44
AXIS DOMAIN EXAMPLE                                                     
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     10 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  5.966417E+01

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
        10     EDGE_E     -1.000000E+00   -2.387890E-01    1.000000E+00
        15     EDGE_M     -1.000000E+00   -9.424409E-01    1.000000E+00
        20     DIA        -1.000000E+00    1.000000E+00    1.000000E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   45
AXIS DOMAIN EXAMPLE                                                     
                                                                        

 CONSTRAINT

                        STRESS              
  --------------------------------------------------------------------------
-
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   HEXA           341    7        1    1.377572E+03  UB   1.800000E+03   I
   HEXA           342    7        1    1.512276E+03  UB   1.800000E+03   I
   HEXA           359    7        1    1.512284E+03  UB   1.800000E+03   I
   HEXA           360    7        1    1.377573E+03  UB   1.800000E+03   I
   HEXA           642    7        1    1.430711E+03  UB   1.800000E+03   I
   HEXA           659    7        1    1.430719E+03  UB   1.800000E+03   I
   HEXA           701    7        1    1.401693E+03  UB   1.800000E+03   I
   HEXA           881    7        1    1.401693E+03  UB   1.800000E+03   I
   HEXA           942    7        1    1.402280E+03  UB   1.800000E+03   I
   HEXA           959    7        1    1.402288E+03  UB   1.800000E+03   I
   HEXA          1001    7        1    1.500152E+03  UB   1.800000E+03   I
   HEXA          1181    7        1    1.500152E+03  UB   1.800000E+03   I
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   HEXA          1242    7        1    1.415094E+03  UB   1.800000E+03   I
   HEXA          1259    7        1    1.415103E+03  UB   1.800000E+03   I
   HEXA          1301    7        1    1.466037E+03  UB   1.800000E+03   I
   HEXA          1481    7        1    1.466037E+03  UB   1.800000E+03   I
   HEXA          1541    7        1    1.391259E+03  UB   1.800000E+03   I
   HEXA          1542    7        1    1.489701E+03  UB   1.800000E+03   I
   HEXA          1559    7        1    1.489711E+03  UB   1.800000E+03   I
   HEXA          1560    7        1    1.391261E+03  UB   1.800000E+03   I
   HEXA           341    7        2    1.658331E+03  UB   1.800000E+03   A
   HEXA           342    7        2    1.799032E+03  UB   1.800000E+03   A
   HEXA           359    7        2    1.799043E+03  UB   1.800000E+03   A
   HEXA           360    7        2    1.658333E+03  UB   1.800000E+03   A
   HEXA           642    7        2    1.706705E+03  UB   1.800000E+03   A
   HEXA           659    7        2    1.706715E+03  UB   1.800000E+03   A
   HEXA           701    7        2    1.718081E+03  UB   1.800000E+03   A
   HEXA           881    7        2    1.718081E+03  UB   1.800000E+03   A
   HEXA           942    7        2    1.682312E+03  UB   1.800000E+03   A
   HEXA           959    7        2    1.682322E+03  UB   1.800000E+03   A
   HEXA          1001    7        2    1.798503E+03  UB   1.800000E+03   A
   HEXA          1181    7        2    1.798503E+03  UB   1.800000E+03   A
   HEXA          1242    7        2    1.706705E+03  UB   1.800000E+03   A
   HEXA          1259    7        2    1.706715E+03  UB   1.800000E+03   A
   HEXA          1301    7        2    1.718081E+03  UB   1.800000E+03   A
   HEXA          1481    7        2    1.718081E+03  UB   1.800000E+03   A
   HEXA          1541    7        2    1.658331E+03  UB   1.800000E+03   A
   HEXA          1542    7        2    1.799032E+03  UB   1.800000E+03   A
   HEXA          1559    7        2    1.799043E+03  UB   1.800000E+03   A
   HEXA          1560    7        2    1.658333E+03  UB   1.800000E+03   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   46
AXIS DOMAIN EXAMPLE                                                     
                                                                        

                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
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AXIS DOMAIN EXAMPLE                                                     
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.1544E+02         0.0%
   1     1.0259E+02         0.0%
   2     9.2946E+01         0.0%
   3     8.8438E+01         0.0%
   4     8.1795E+01         0.3%
   5     7.5443E+01         0.2%
   6     6.8006E+01         0.0%
   7     6.4154E+01         0.0%
   8     6.0389E+01         1.7%
   9     5.9841E+01         0.0%
  10     5.9664E+01         0.0%

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:24  PAGE   48
AXIS DOMAIN EXAMPLE                                                     
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
              10            15            20
          EDGE_E        EDGE_M           DIA

   0     0.0000E+00    0.0000E+00    0.0000E+00 
   1    -1.0000E-01   -1.0000E-01   -1.0000E-01 
   2    -1.8449E-01   -2.0000E-01   -1.0245E-01 
   3    -1.5692E-01   -3.3333E-01   -2.4485E-03 
   4    -5.6923E-02   -5.5386E-01    9.7551E-02 
   5     4.3077E-02   -7.7235E-01    2.3088E-01 
   6     1.2270E-01   -1.0000E+00*   4.3612E-01 
   7    -1.0637E-02   -1.0000E+00*   6.6644E-01 
   8    -1.4397E-01   -9.8825E-01    8.8552E-01 
   9    -2.3286E-01   -9.4419E-01    9.9718E-01 
  10    -2.3879E-01   -9.4244E-01    1.0000E+00*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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2.44 Design of Box Beam Modeled With Composite Quad4 
Elements using DVPROP4

Example ID:
D044         

Design Data Used:
DVAR, DLINK, DVPROP1, DRESP1, DRESP2, DEQATN, DOBJ, DCONS, DOPT 

Special Feature Used:
Simplify the design data in D027 using DVPROP4 to design composite thicknesses and angles.

Problem Statement:
Same as D027 example.

Design Problem:
Same as D027 example.

Design Data Relationships:

Results:
As expected, obtained solution is identical to D027 example. 

DVAR DVPROP1 PCOMP
DVAR DVPROP4 PCOMP

DRESP1 DOBJ
DRESP2 DRESP1 DCONS

DOPT
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2.44.1 Input Data
ID D044
CEND
LINE = 64,80
TITLE = DESIGN OF CANTELEVERED BOX BEAM
SUBTITLE = 32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES
ECHO=NONE
DPRINT=LAST
LOADCASE 10
LABEL = STATIC LOAD
LOAD = 300
SPC = 100
BEGIN BULK
$
DOPT    40
$
$ --- DESIGN DATA
$
$ DESIGN VARIABLES
$
$ ANGLES
$
DVAR    1       ANGL_1  45.0    1.0     89.0
DVAR    2       ANGL_2  -45.0   -89.0   -1.0
DVAR    3       ANGL_3  -45.0   -89.0   -1.0
DVAR    4       ANGL_4  45.0    1.0     89.0
$
$ THICKNESSES
$
DVAR    11      THIC_11 4.0-1   0.01    1.25
DVAR    12      THIC_12 4.0-1   0.01    1.25
DVAR    13      THIC_13 4.0-1   0.01    1.25
DVAR    14      THIC_14 4.0-1   0.01    1.25
DVAR    15      THIC_15 4.0-1   0.01    1.25
DVAR    16      THIC_16 4.0-1   0.01    1.25
DVAR    17      THIC_17 4.0-1   0.01    1.25
DVAR    18      THIC_18 4.0-1   0.01    1.25
$
DVAR    21      THIC_21 4.0-1   0.01    1.25
DVAR    22      THIC_22 4.0-1   0.01    1.25
DVAR    23      THIC_23 4.0-1   0.01    1.25
DVAR    24      THIC_24 4.0-1   0.01    1.25
DVAR    25      THIC_25 4.0-1   0.01    1.25
DVAR    26      THIC_26 4.0-1   0.01    1.25
DVAR    27      THIC_27 4.0-1   0.01    1.25
DVAR    28      THIC_28 4.0-1   0.01    1.25
$
DVAR    31      THIC_31 4.0-1   0.01    1.25
DVAR    32      THIC_32 4.0-1   0.01    1.25
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DVAR    33      THIC_33 4.0-1   0.01    1.25
DVAR    34      THIC_34 4.0-1   0.01    1.25
DVAR    35      THIC_35 4.0-1   0.01    1.25
DVAR    36      THIC_36 4.0-1   0.01    1.25
DVAR    37      THIC_37 4.0-1   0.01    1.25
DVAR    38      THIC_38 4.0-1   0.01    1.25
$
DVAR    41      THIC_41 4.0-1   0.01    1.25
DVAR    42      THIC_42 4.0-1   0.01    1.25
DVAR    43      THIC_43 4.0-1   0.01    1.25
DVAR    44      THIC_44 4.0-1   0.01    1.25
DVAR    45      THIC_45 4.0-1   0.01    1.25
DVAR    46      THIC_46 4.0-1   0.01    1.25
DVAR    47      THIC_47 4.0-1   0.01    1.25
DVAR    48      THIC_48 4.0-1   0.01    1.25
$
$ Z0 DEPENDENT DESIGN VARIABLES
$
DVAR    111     Z0_11   -0.8    -2.5    -0.02
DVAR    112     Z0_12   -0.8    -2.5    -0.02
DVAR    121     Z0_21   -0.8    -2.5    -0.02
DVAR    122     Z0_22   -0.8    -2.5    -0.02
DVAR    131     Z0_31   -0.8    -2.5    -0.02
DVAR    132     Z0_32   -0.8    -2.5    -0.02
DVAR    141     Z0_41   -0.8    -2.5    -0.02
DVAR    142     Z0_42   -0.8    -2.5    -0.02
$
$ LINK BETWEEN THICKNESSES AND ZO’S
$
DLINK   111             -0.5    11      1.0     12      1.0     13      1.0
+       14      1.0
DLINK   112             -0.5    15      1.0     16      1.0     17      1.0
+       18      1.0
DLINK   121             -0.5    21      1.0     22      1.0     23      1.0
+       24      1.0
DLINK   122             -0.5    25      1.0     26      1.0     27      1.0
+       28      1.0
DLINK   131             -0.5    31      1.0     32      1.0     33      1.0
+       34      1.0
DLINK   132             -0.5    35      1.0     36      1.0     37      1.0
+       38      1.0
DLINK   141             -0.5    41      1.0     42      1.0     43      1.0
+       44      1.0
DLINK   142             -0.5    45      1.0     46      1.0     47      1.0
+       48      1.0
$
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$
$ ANGLES AND THICKNESS TO PCOMPS RELATIONSHIPS
$
$1      2       3       4       5       6       7       8       9
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DVPROP4 1       11
+        LAYER1         11    
+        LAYER2         12                       1
+        LAYER3         13                       2
+        LAYER4         14
$
DVPROP4 2       12
+        LAYER1         15    
+        LAYER2         16                       3
+        LAYER3         17                       4
+        LAYER4         18
$
DVPROP4 3       21
+        LAYER1         21    
+        LAYER2         22                       1
+        LAYER3         23                       2
+        LAYER4         24
$
DVPROP4 4       22
+        LAYER1         25    
+        LAYER2         26                       3
+        LAYER3         27                       4
+        LAYER4         28
$
DVPROP4 5       31
+        LAYER1         31    
+        LAYER2         32                       1
+        LAYER3         33                       2
+        LAYER4         34
$
DVPROP4 6       32
+        LAYER1         35    
+        LAYER2         36                       3
+        LAYER3         37                       4
+        LAYER4         38
$
DVPROP4 7       41
+        LAYER1         41    
+        LAYER2         42                       1
+        LAYER3         43                       2
+        LAYER4         44
$
DVPROP4 8       42
+        LAYER1         45    
+        LAYER2         46                       3
+        LAYER3         47                       4
+        LAYER4         48
$
$ Z0 TO PCOMP RELATIONSHIPS
$
DVPROP1 111     11      4
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+       111
DVPROP1 112     12      4
+       112
DVPROP1 121     21      4
+       121
DVPROP1 122     22      4
+       122
DVPROP1 131     31      4
+       131
DVPROP1 132     32      4
+       132
DVPROP1 141     41      4
+       141
DVPROP1 142     42      4
+       142
$
$ RESPONSES
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 901 AND 902
DRESP1  900     UZ_90X  DISP                    3       901     902
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 1001 AND 1002
DRESP1  1000    UZ-100X DISP                    3       1001    1002
$
$ SYSTEM VOLUME
DRESP1  1       OBJFUN  VOLUME
$
$ FAILURE INDEX
DRESP1  2       S5      STRESS  PCOMP           1       11      12      21
+       22      31      32      41      42
$
$ EQUATION RESPONSE
DRESP2  3       ROTATION3
+       DRESP1  1000    900
DEQATN  3       F(UZ2,UZ1) = (UZ2 - UZ1)/10.0
$
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    1
$
$ CONSTRAINTS
$
$ CONSTRAINTS - FAILURE INDEX
DCONS   2       ALL             1.
$
$ CONSTRAINTS - TORCIONAL ROTATION CAN NOT BE GREATER THAN 0.01
DCONS   3       ALL     -0.02   0.02
$
$ --- ANALYSIS DATA
$
$ GRIDS
$

GENESIS November 2009 Design Examples Manual 579



GRID    101             0.0     0.0     0.0
GRID    201             0.0     10.0    0.0
GRID    301             25.0    0.0     0.0
GRID    401             25.0    10.0    0.0
GRID    501             50.0    0.0     0.0
GRID    601             50.0    10.0    0.0
GRID    701             75.0    0.0     0.0
GRID    801             75.0    10.0    0.0
GRID    901             100.0   0.0     0.0
GRID    1001            100.0   10.0    0.0
$
GRID    102             0.0     0.0     5.0
GRID    202             0.0     10.0    5.0
GRID    302             25.0    0.0     5.0
GRID    402             25.0    10.0    5.0
GRID    502             50.0    0.0     5.0
GRID    602             50.0    10.0    5.0
GRID    702             75.0    0.0     5.0
GRID    802             75.0    10.0    5.0
GRID    902             100.0   0.0     5.0
GRID    1002            100.0   10.0    5.0
$
$ ELEMENTS
$
$ BOTTOM COMPOSITES
CQUAD4  11      11      101     201     401     301
CQUAD4  21      21      301     401     601     501
CQUAD4  31      31      501     601     801     701
CQUAD4  41      41      701     801     1001    901
$
$ TOP COMPOSITES
CQUAD4  12      12      102     202     402     302
CQUAD4  22      22      302     402     602     502
CQUAD4  32      32      502     602     802     702
CQUAD4  42      42      702     802     1002    902
$
$ LEFT SHELLS
CQUAD4  13      1       101     301     302     102
CQUAD4  23      1       301     501     502     302
CQUAD4  33      1       501     701     702     502
CQUAD4  43      1       701     901     902     702
$
$ RIGHT SHELLS
CQUAD4  15      1       201     401     402     202
CQUAD4  25      1       401     601     602     402
CQUAD4  35      1       601     801     802     602
CQUAD4  45      1       801     1001    1002    802
$
$ PROPERTIES
$
PCOMP   11      -0.0                    TSAI
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+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   12      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   21      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   22      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   31      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   32      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   41      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   42      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
$
PSHELL  1       1       0.3     1
$
$  MATERIALS
$       2       3       4       5       6       7       8       9
MAT8    1       1.070E7 5.4375E5 0.4    2.523E5 2.523E5 2.523E5 0.04
+                               2.426E5 -3.321E43.0305E3-1.986E41.203E5
$
$ BOUNDARY CONDITIONS AND LOADS
$
SPC1    100     123456  101     201     102     202
FORCE   300     1001            2000.   0.0     0.0     1.0
FORCE   300     1002            2000.   0.0     0.0     1.0
FORCE   300     901             2000.   0.0     0.0     1.0
FORCE   300     902             2000.   0.0     0.0     1.0
$
ENDDATA
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2.44.2 Output Data

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

    INFORMATIONAL MESSAGE FROM SUBROUTINE     GN12RV

          48 NUMBER OF DVPROP1 DATA WILL BE CREATED TO REPLACE
           8 NUMBER OF DVPROP4 DATA.  
    THE ID OF REPLACED DVPROP1 STARTS FROM THE NUMBER 
         143 AND IS INCREMENTED BY 1.  
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    1
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

PROJECT NAME: D044                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     20
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:          8
                  NUMBER OF CQUAD4->PCOMP ELEMENTS:           8
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        16
                  NUMBER OF ELEMENT PROPERTIES:               9
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:              96

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:      36
                 NUMBER OF DEPENDENT DESIGN VARIABLES:         8
                 TOTAL NUMBER OF DESIGN VARIABLES:            44
                 NUMBER OF DIRECT RESPONSES:                  37
                 NUMBER OF SYNTHETIC RESPONSES:                2
                 NUMBER OF CONSTRAINTS:                       68

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   35
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

              ********************************************
              *  D E S I G N  C Y C L E     11 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   36
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                  S O L U T I O N   R E S I D U A L S
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LOADCASE       10 ; RESIDUAL : -3.730058E-13 ; STRAIN ENERGY :  3.682966E+04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   37
DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                T Y P E   2/3   R E S P O N S E   V A L U E S

      LABEL          RID        TYPE          LID   NUMBER            VALUE

      ROTATION         3    DISPLACEMENT       10        1        -1.850671E-03
      ROTATION         3    DISPLACEMENT       10        2        -1.850718E-03
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DESIGN OF CANTELEVERED BOX BEAM                                         
32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

              ********************************************
              *  D E S I G N  C Y C L E     11 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  6.291373E+02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     ANGL_1      1.000000E+00    8.899850E+01    8.900000E+01
         2     ANGL_2     -8.900000E+01   -8.899950E+01   -1.000000E+00
         3     ANGL_3     -8.900000E+01   -1.368922E+01   -1.000000E+00
         4     ANGL_4      1.000000E+00    7.788213E+00    8.900000E+01
        11     THIC_11     1.000000E-02    1.211169E-01    1.250000E+00
        12     THIC_12     1.000000E-02    5.550887E-02    1.250000E+00
        13     THIC_13     1.000000E-02    1.416450E-02    1.250000E+00
        14     THIC_14     1.000000E-02    1.000000E-02    1.250000E+00
        15     THIC_15     1.000000E-02    1.000300E-02    1.250000E+00
        16     THIC_16     1.000000E-02    1.000500E-02    1.250000E+00
        17     THIC_17     1.000000E-02    1.000700E-02    1.250000E+00
        18     THIC_18     1.000000E-02    3.466261E-01    1.250000E+00
        21     THIC_21     1.000000E-02    9.713526E-02    1.250000E+00
        22     THIC_22     1.000000E-02    1.414118E-02    1.250000E+00
        23     THIC_23     1.000000E-02    2.424693E-02    1.250000E+00
        24     THIC_24     1.000000E-02    2.040650E-02    1.250000E+00
        25     THIC_25     1.000000E-02    1.000600E-02    1.250000E+00
        26     THIC_26     1.000000E-02    1.000700E-02    1.250000E+00
        27     THIC_27     1.000000E-02    1.000600E-02    1.250000E+00
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        28     THIC_28     1.000000E-02    2.601652E-01    1.250000E+00
        31     THIC_31     1.000000E-02    2.895735E-02    1.250000E+00
        32     THIC_32     1.000000E-02    1.000000E-02    1.250000E+00
        33     THIC_33     1.000000E-02    1.000000E-02    1.250000E+00
        34     THIC_34     1.000000E-02    1.000100E-02    1.250000E+00
        35     THIC_35     1.000000E-02    1.000100E-02    1.250000E+00
        36     THIC_36     1.000000E-02    1.000200E-02    1.250000E+00
        37     THIC_37     1.000000E-02    1.000100E-02    1.250000E+00
        38     THIC_38     1.000000E-02    1.239877E-01    1.250000E+00
        41     THIC_41     1.000000E-02    1.000300E-02    1.250000E+00
        42     THIC_42     1.000000E-02    1.000300E-02    1.250000E+00
        43     THIC_43     1.000000E-02    1.000300E-02    1.250000E+00
        44     THIC_44     1.000000E-02    1.000300E-02    1.250000E+00
        45     THIC_45     1.000000E-02    1.003154E-02    1.250000E+00
        46     THIC_46     1.000000E-02    1.000732E-02    1.250000E+00
        47     THIC_47     1.000000E-02    1.000000E-02    1.250000E+00
        48     THIC_48     1.000000E-02    1.000300E-02    1.250000E+00
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 DESIGN VARIABLE

                       DEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
       111     Z0_11      -2.500000E+00   -1.003951E-01   -2.000000E-02
       112     Z0_12      -2.500000E+00   -1.883206E-01   -2.000000E-02
       121     Z0_21      -2.500000E+00   -7.796494E-02   -2.000000E-02
       122     Z0_22      -2.500000E+00   -1.450921E-01   -2.000000E-02
       131     Z0_31      -2.500000E+00   -2.947917E-02   -2.000000E-02
       132     Z0_32      -2.500000E+00   -7.699586E-02   -2.000000E-02
       141     Z0_41      -2.500000E+00   -2.000600E-02   -2.000000E-02
       142     Z0_42      -2.500000E+00   -2.002093E-02   -2.000000E-02
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 CONSTRAINT

                        FAILURE INDEX       
  -------------------------------------------------------------------------
--
   ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
   TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  -------------------------------------------------------------------------
--
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   QUAD4           11   45       10    9.978890E-01  UB   1.000000E+00   A
   QUAD4           12   45       10    9.976520E-01  UB   1.000000E+00   A
   QUAD4           21   45       10    9.975598E-01  UB   1.000000E+00   A
   QUAD4           22   45       10    9.988657E-01  UB   1.000000E+00   A
   QUAD4           31   45       10    8.969538E-01  UB   1.000000E+00   I
   QUAD4           32   45       10    9.997392E-01  UB   1.000000E+00   A
   QUAD4           42   45       10    7.752326E-01  UB   1.000000E+00   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 3.500E+00 FOR TWO DESIGN CYCLES.
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.5000E+03         0.0%
   1     2.4337E+03         0.0%
   2     1.3953E+03         7.8%
   3     1.1410E+03         0.0%
   4     8.7435E+02         0.9%
   5     7.2678E+02         2.3%
   6     6.7426E+02         0.1%
   7     6.4776E+02         1.3%
   8     6.3822E+02         0.0%
   9     6.3356E+02         0.0%
  10     6.3139E+02         0.0%
  11     6.2914E+02         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4            11
          ANGL_1        ANGL_2        ANGL_3        ANGL_4       THIC_11

   0     4.5000E+01   -4.5000E+01   -4.5000E+01    4.5000E+01    4.0000E-01 
   1     4.6601E+01   -4.0712E+01   -4.0712E+01    4.6601E+01    3.9257E-01 
   2     6.5763E+01   -6.0946E+01   -2.0356E+01    2.3304E+01    1.9672E-01 
   3     8.2199E+01   -7.6177E+01   -1.6543E+01    1.7483E+01    1.6886E-01 
   4     8.0485E+01   -7.9028E+01   -2.0679E+01    1.1676E+01    1.3242E-01 
   5     8.2267E+01   -7.8472E+01   -1.8120E+01    9.7317E+00    1.2017E-01 
   6     8.6816E+01   -8.2359E+01   -1.7055E+01    1.0543E+01    1.1958E-01 
   7     8.7382E+01   -8.5626E+01   -1.5989E+01    9.6651E+00    1.1918E-01 
   8     8.8674E+01   -8.7656E+01   -1.5491E+01    9.2644E+00    1.1883E-01 
   9     8.9000E+01*  -8.8455E+01   -1.4905E+01    8.7882E+00    1.1933E-01 
  10     8.8999E+01   -8.9000E+01*  -1.4284E+01    8.2882E+00    1.1936E-01 
  11     8.8999E+01   -8.8999E+01   -1.3689E+01    7.7882E+00    1.2112E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              12            13            14            15            16
         THIC_12       THIC_13       THIC_14       THIC_15       THIC_16

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.1940E-01    2.0060E-01    3.5130E-01    3.5130E-01    2.0060E-01 
   2     1.5975E-01    1.0048E-01    1.7595E-01    1.7612E-01    1.0065E-01 
   3     1.1274E-01    6.5326E-02    1.2869E-01    1.2619E-01    5.0654E-02 
   4     7.5499E-02    3.0168E-02    7.9019E-02    7.6192E-02    1.0001E-02 
   5     6.0417E-02    1.9483E-02    5.4301E-02    5.1006E-02    1.0000E-02*
   6     5.9152E-02    1.0000E-02*   4.1802E-02    3.5647E-02    1.0001E-02 
   7     5.9459E-02    1.0007E-02    2.9302E-02    1.8982E-02    1.0000E-02*
   8     5.9362E-02    1.0000E-02*   2.1081E-02    1.0648E-02    1.0006E-02 
   9     5.9398E-02    1.0196E-02    1.3069E-02    1.0000E-02*   1.0004E-02 
  10     5.7668E-02    1.0679E-02    1.0000E-02*   1.0002E-02    1.0006E-02 
  11     5.5509E-02    1.4164E-02    1.0000E-02*   1.0003E-02    1.0005E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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32 THIKNESSES AND 4 ANGLES DESIGN VARIABLES                             

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              17            18            21            22            23
         THIC_17       THIC_18       THIC_21       THIC_22       THIC_23

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.1940E-01    3.9257E-01    3.8680E-01    2.4658E-01    2.3484E-01 
   2     1.6095E-01    2.8045E-01    1.9423E-01    1.2329E-01    1.1742E-01 
   3     1.1098E-01    3.1115E-01    1.6859E-01    9.1816E-02    8.2981E-02 
   4     6.0993E-02    3.2518E-01    1.3595E-01    5.9219E-02    4.9985E-02 
   5     3.4942E-02    3.4054E-01    1.1333E-01    3.7494E-02    2.9173E-02 
   6     1.9353E-02    3.4532E-01    1.0381E-01    2.7671E-02    1.7709E-02 
   7     1.0000E-02*   3.4748E-01    9.7227E-02    1.6593E-02    2.5986E-02 
   8     1.0006E-02    3.4788E-01    9.7137E-02    1.5223E-02    2.7255E-02 
   9     1.0004E-02    3.4756E-01    9.5575E-02    1.3632E-02    2.4856E-02 
  10     1.0006E-02    3.4771E-01    9.4170E-02    1.1826E-02    2.3100E-02 
  11     1.0007E-02    3.4663E-01    9.7135E-02    1.4141E-02    2.4247E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              24            25            26            27            28
         THIC_24       THIC_25       THIC_26       THIC_27       THIC_28

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.5857E-01    2.5857E-01    2.3484E-01    2.4658E-01    3.8680E-01 
   2     1.2928E-01    1.3288E-01    1.1745E-01    1.2331E-01    2.1267E-01 
   3     8.1058E-02    8.2944E-02    6.7510E-02    7.3310E-02    2.2710E-01 
   4     3.9233E-02    4.8606E-02    2.9072E-02    3.2289E-02    2.3010E-01 
   5     1.6098E-02    2.8731E-02    1.0013E-02    1.0764E-02    2.4106E-01 
   6     1.0414E-02    1.6232E-02    1.0003E-02    1.0001E-02    2.5419E-01 
   7     1.0000E-02*   1.0001E-02    1.0002E-02    1.0001E-02    2.5887E-01 
   8     1.4368E-02    1.0001E-02    1.0002E-02    1.0001E-02    2.5976E-01 
   9     2.0618E-02    1.0003E-02    1.0004E-02    1.0003E-02    2.6090E-01 
  10     2.6656E-02    1.0005E-02    1.0006E-02    1.0005E-02    2.6253E-01 
  11     2.0406E-02    1.0006E-02    1.0007E-02    1.0006E-02    2.6017E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              31            32            33            34            35
         THIC_31       THIC_32       THIC_33       THIC_34       THIC_35

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     3.5440E-01    2.1197E-01    2.0001E-01    2.5055E-01    2.5055E-01 
   2     1.7747E-01    1.0608E-01    1.0015E-01    1.2548E-01    1.2553E-01 
   3     1.4586E-01    7.4834E-02    6.8581E-02    9.3751E-02    9.4190E-02 
   4     1.1256E-01    4.1637E-02    3.5277E-02    6.0793E-02    6.0539E-02 
   5     9.0698E-02    2.0219E-02    1.3595E-02    3.7365E-02    3.8738E-02 
   6     8.1966E-02    1.0383E-02    1.0037E-02    2.4972E-02    2.6238E-02 
   7     6.9467E-02    1.0001E-02    1.0004E-02    1.2473E-02    1.3739E-02 
   8     6.3217E-02    1.0000E-02*   1.0000E-02*   1.0000E-02*   1.0000E-02*
   9     5.4883E-02    1.0000E-02*   1.0000E-02*   1.0002E-02    1.0000E-02*
  10     4.3772E-02    1.0000E-02*   1.0000E-02*   1.0002E-02    1.0000E-02*
  11     2.8957E-02    1.0000E-02*   1.0000E-02*   1.0001E-02    1.0001E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              36            37            38            41            42
         THIC_36       THIC_37       THIC_38       THIC_41       THIC_42

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.0001E-01    2.1197E-01    3.5440E-01    2.5684E-01    2.0095E-01 
   2     1.0003E-01    1.0616E-01    1.7904E-01    1.2842E-01    1.0048E-01 
   3     6.8669E-02    7.4153E-02    1.4721E-01    1.0192E-01    7.3705E-02 
   4     3.5931E-02    4.1398E-02    1.1401E-01    6.8797E-02    4.0575E-02 
   5     1.3152E-02    1.9186E-02    9.2268E-02    4.6710E-02    1.8462E-02 
   6     1.0000E-02*   1.0000E-02*   1.0433E-01    3.4211E-02    1.0001E-02 
   7     1.0001E-02    1.0000E-02*   1.0906E-01    2.1712E-02    1.0000E-02*
   8     1.0000E-02*   1.0000E-02*   1.1156E-01    1.3379E-02    1.0000E-02*
   9     1.0000E-02*   1.0000E-02*   1.1418E-01    1.0000E-02*   1.0000E-02*
  10     1.0001E-02    1.0000E-02*   1.1800E-01    1.0002E-02    1.0002E-02 
  11     1.0002E-02    1.0001E-02    1.2399E-01    1.0003E-02    1.0003E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              43            44            45            46            47
         THIC_43       THIC_44       THIC_45       THIC_46       THIC_47

   0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01 
   1     2.0060E-01    2.0138E-01    2.0138E-01    2.0060E-01    2.0095E-01 
   2     1.0030E-01    1.0069E-01    1.0069E-01    1.0030E-01    1.0048E-01 
   3     7.3587E-02    7.4208E-02    7.4056E-02    7.3548E-02    7.3954E-02 
   4     4.0436E-02    4.0893E-02    4.0911E-02    4.0325E-02    4.0772E-02 
   5     1.8318E-02    1.8840E-02    1.8779E-02    1.8211E-02    1.8587E-02 
   6     1.0001E-02    1.0000E-02    1.0010E-02    1.0001E-02    1.0004E-02 
   7     1.0000E-02    1.0002E-02    1.0001E-02    1.0002E-02    1.0005E-02 
   8     1.0000E-02    1.0002E-02    1.0000E-02*   1.0002E-02    1.0000E-02*
   9     1.0000E-02*   1.0000E-02*   1.0018E-02    1.0004E-02    1.0008E-02 
  10     1.0002E-02    1.0002E-02    1.0020E-02    1.0006E-02    1.0010E-02 
  11     1.0003E-02    1.0003E-02    1.0032E-02    1.0007E-02    1.0000E-02*

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              48           111           112           121           122
         THIC_48         Z0_11         Z0_12         Z0_21         Z0_22

   0     4.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01 
   1     2.5684E-01   -6.3194E-01   -6.3194E-01   -5.6339E-01   -5.6339E-01 
   2     1.2842E-01   -3.1645E-01   -3.5909E-01   -2.8211E-01   -2.9315E-01 
   3     1.0183E-01   -2.3781E-01   -2.9949E-01   -2.1222E-01   -2.2543E-01 
   4     6.8632E-02   -1.5855E-01   -2.3618E-01   -1.4219E-01   -1.7004E-01 
   5     4.6484E-02   -1.2718E-01   -2.1824E-01   -9.8048E-02   -1.4529E-01 
   6     3.3985E-02   -1.1527E-01   -2.0516E-01   -7.9805E-02   -1.4521E-01 
   7     2.1486E-02   -1.0897E-01   -1.9323E-01   -7.4903E-02   -1.4444E-01 
   8     1.3161E-02   -1.0463E-01   -1.8927E-01   -7.6991E-02   -1.4488E-01 
   9     1.0000E-02*  -1.0100E-01   -1.8878E-01   -7.7340E-02   -1.4545E-01 
  10     1.0002E-02   -9.8853E-02   -1.8886E-01   -7.7876E-02   -1.4628E-01 
  11     1.0003E-02   -1.0040E-01   -1.8832E-01   -7.7965E-02   -1.4509E-01 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
             131           132           141           142
           Z0_31         Z0_32         Z0_41         Z0_42

   0    -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01 
   1    -5.0847E-01   -5.0847E-01   -4.2988E-01   -4.2988E-01 
   2    -2.5458E-01   -2.5538E-01   -2.1494E-01   -2.1494E-01 
   3    -1.9151E-01   -1.9211E-01   -1.6171E-01   -1.6169E-01 
   4    -1.2514E-01   -1.2594E-01   -9.5350E-02   -9.5319E-02 
   5    -8.0939E-02   -8.1672E-02   -5.1165E-02   -5.1031E-02 
   6    -6.3679E-02   -7.5283E-02   -3.2107E-02   -3.2000E-02 
   7    -5.0972E-02   -7.1401E-02   -2.5857E-02   -2.5747E-02 
   8    -4.6608E-02   -7.0779E-02   -2.1691E-02   -2.1582E-02 
   9    -4.2443E-02   -7.2092E-02   -2.0000E-02*  -2.0015E-02 
  10    -3.6887E-02   -7.3999E-02   -2.0004E-02   -2.0019E-02 
  11    -2.9479E-02   -7.6996E-02   -2.0006E-02   -2.0021E-02 

                   * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

                            ***** END OF OUTPUT *****
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2.45 Design of a Tripod using a Buckling Constraint

Example ID:
D045

Design Data Used:
DVAR, DVPROP3, DRESP1, DOBJ, DCONS 

Special Feature Used:
This example demonstrate the use of buckling analysis and PBARL data to use in optimization. 

Problem Statement:
As explained in the example A034, a tripod was modeled using CBAR elements together with 
PBARL.  The mass of this tripod is minimized subject to a buckling constraint. 

Analysis Model Description:
1. The unit used here is the N, mm, Mg and material is Aluminum (E=110.0E3 MPa, ρ=2.79 
g/cm^3, ν=0.35).
2. Concentrated mass was used in the connections in each bars. 
3. As a load, 1000g of concentrated mass was applied at the tripod top.

Design Problem:
1. The objective function : System mass
2. The constraint : The first buckling load factor to be greater than 5 as a safety factor.  
3. Side constraints are imposed so that the lower members can fit in the upper members of tripod. 

Design Data Relationships:

Results:
The initial structural mass and buckling load factor were 108g and 9.7 respectively.  The struc-
tural mass in the final design was reduced to 44g and constraint was satisfied (buckling load fac-
tor = 5)

DVAR DVPROP3 PBARL
DRESP1 DOBJ
DRESP1 DCONS
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2.45.1 Input Data
ID D045
POST=PUNCH
CEND
TITLE=TRIPOD  BUCKLING PROBLEM                                              
ECHO = NONE
LINE = *,80
TIMES=SCREEN
APRINT = FLAST
DPRINT = FLAST
$
LOADCASE        1
   LABEL=CASE1                                                       
   SPC    =       1
   GRAV   =       1
   DISP   =BOTH,ALL
   STRESS =BOTH,ALL
LOADCASE        2
   LABEL=BUCKLING                                                       
   METHOD   =       1
   STATLOAD  =       1
   DISP   =BOTH,ALL
   MASS = YES
BEGIN BULK
$  --- DESIGN DATA ---
$
DRESP1        10  MASS_T    MASS
DOBJ          10  OBJ               MIN
DRESP1        20  BUCK      LAMA       1
DCONS         20            5.0
$            
DVAR          10 UPPER     0.20  0.0200  0.40000
DVAR          20 MIDDLE    0.20  0.0200  0.40000
DVAR          30 LOWER     0.20  0.0200  0.40000
DVAR          40 STIFFN    0.20  0.0200  0.40000
DVAR          50 SUPORT    0.20  0.0200  0.40000
$
DVPROP3        1       1   TUBE
+           15.0      10
DVPROP3        2       2   TUBE
+           14.0      20
DVPROP3        3       3   TUBE
+           13.0      30
DVPROP3        4       4   TUBE
+           12.0      40
DVPROP3        5       5   TUBE
+           12.0      50
$
$  --- ANALYSIS DATA ---
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$
EIGR 1LAN 1.0E-8                
4
GRAV           1          -980.0     0.0     0.0     1.0
$
CBAR           1       1       4       6       5
CBAR           2       1      10       4       5
CBAR           3       1       8       4       5
CBAR           4       2       6       7       5
CBAR           5       2      10      11       5
CBAR           6       2       8       9       5
CBAR           7       3       7       1       5
CBAR           8       3      11       3       5
CBAR           9       3       9       2       5
CBAR          10       4      10       5       4
CBAR          11       4       6       5       4
CBAR          12       4       8       5       4
CBAR          13       5       4       5       8
$
CONM2         21       1         0.00001
CONM2         22       2         0.00001
CONM2         23       3         0.00001
CONM2         24       4         0.01010
CONM2         25       5         0.00001
CONM2         26       6         0.00001
CONM2         27       7         0.00001
CONM2         28       8         0.00001
CONM2         29       9         0.00001
CONM2         30      10         0.00001
CONM2         31      11         0.00001
$
PBARL          1       1  CSLIB1  TUBE
+            15.    0.20
PBARL          2       1  CSLIB1  TUBE
+            14.    0.20
PBARL          3       1  CSLIB1  TUBE
+            13.    0.20
PBARL          4       1  CSLIB1  TUBE
+            12.    0.20
PBARL          5       1  CSLIB1  TUBE
+            12.    0.20
$
MAT1           1  7.30E4            0.35 2.79E-9
$
GRID           1            0.0     0.0     0.0
GRID           2        600.0000    0.0     0.0
GRID           3        300.0000519.6000    0.0
GRID           4        300.0000173.20001187.400
GRID           5        300.0000173.2000791.6000
GRID           6        200.0000115.4667791.6000
GRID           7        100.000057.73334395.8000
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GRID           8        400.0000115.4667791.6000
GRID           9        500.000057.73334395.8000
GRID          10        300.0000288.6666791.6000
GRID          11        300.0000404.1333395.8000
SPC            1       1     123     0.0
SPC            1       2       3     0.0
SPC            1       3       3     0.0
ENDDATA
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2.45.2 Output Data

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    1
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

PROJECT NAME: D045                
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                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     11
                  NUMBER OF CBAR ELEMENTS:                   13
                  NUMBER OF CONM2 ELEMENTS:                  11
                  TOTAL NUMBER OF NON RIGID ELEMENTS:        24
                  NUMBER OF ELEMENT PROPERTIES:               5
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:              61

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       5
                 TOTAL NUMBER OF DESIGN VARIABLES:             5
                 NUMBER OF DIRECT RESPONSES:                   2
                 NUMBER OF CONSTRAINTS:                        2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   2

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    2
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    3
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                              M A S S   T A B L E

                        ITEM     NUMBER          MASS

                       SYSTEM                1.030824E-02
                       PBAR           1      3.295804E-05
                       PBAR           2      3.078975E-05
                       PBAR           3      2.862145E-05
                       PBAR           4      7.408462E-06
                       PBAR           5      8.464858E-06
                       MAT1           1      1.082426E-04
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GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    4
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -4.984424E-11 ; STRAIN ENERGY :  1.731026E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    5
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
CASE1                                                        LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -1.107824E-02      1.918916E-02      3.727058E-02

       2      2.040817E+01      2.236235E+01      0.000000E+00
             -1.107824E-02     -1.918916E-02      3.727058E-02

       3     -9.161707E+00      2.885462E+01      0.000000E+00
              2.215735E-02      7.558060E-14      3.727058E-02

       4      3.748821E+00      1.707197E+01     -3.447758E+00
              3.067022E-07      7.690058E-14      3.727058E-02

       5      3.748821E+00      1.707209E+01     -3.459977E+00
              3.071976E-07      8.001950E-14      3.727058E-02

       6      5.899898E+00      1.334464E+01     -3.441535E+00
             -7.733114E-04      1.339981E-03      3.727058E-02

       7      4.750915E+00      7.712079E+00     -2.327537E+00
             -8.051360E-03      1.394630E-02      3.727058E-02

       8      5.901250E+00      2.079876E+01     -3.441535E+00
             -7.733114E-04     -1.339981E-03      3.727058E-02

       9      1.135374E+01      2.262031E+01     -2.327537E+00
             -8.051360E-03     -1.394630E-02      3.727058E-02

      10     -5.546861E-01      1.707287E+01     -3.441482E+00
              1.547522E-03      7.578400E-14      3.727058E-02

      11     -4.858196E+00      2.088423E+01     -2.327484E+00
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              1.610359E-02      7.563178E-14      3.727058E-02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    6
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
CASE1                                                        LOADCASE         1

            S T R E S S E S   I N   B A R   E L E M E N T S  ( D V P R O P 3 )

 BEAM ID  END     STRESS-1       STRESS-2       STRESS-3       STRESS-4
                  STRESS-5       STRESS-6       STRESS-7       STRESS-8

       1    A  -1.021476E+00   3.150742E+00  -5.193694E+00   2.287985E-01
                2.287977E-01
            B  -1.022558E+00   7.362745E+00  -9.407861E+00   2.281671E-01
                2.281663E-01

       2    A  -1.022557E+00   7.362504E+00  -9.407617E+00   2.281607E-01
                2.281607E-01
            B  -1.021474E+00   3.150633E+00  -5.193582E+00   2.287921E-01
                2.287921E-01

       3    A  -1.022558E+00   7.362745E+00  -9.407861E+00   2.281663E-01
                2.281671E-01
            B  -1.021476E+00   3.150742E+00  -5.193694E+00   2.287977E-01
                2.287985E-01

       4    A  -3.581163E-01   2.435578E+01  -2.507201E+01   2.089231E-01
                2.089237E-01
            B  -3.591985E-01   1.203379E+01  -1.275219E+01   2.095545E-01
                2.095550E-01

       5    A  -3.581169E-01   2.435524E+01  -2.507148E+01   2.089192E-01
                2.089192E-01
            B  -3.591991E-01   1.203352E+01  -1.275192E+01   2.095505E-01
                2.095505E-01

       6    A  -3.581163E-01   2.435578E+01  -2.507201E+01   2.089237E-01
                2.089231E-01
            B  -3.591985E-01   1.203379E+01  -1.275219E+01   2.095550E-01
                2.095545E-01

       7    A  -3.875448E-01   1.396894E+01  -1.474403E+01   2.260872E-01
                2.260872E-01
            B  -3.886270E-01  -3.886270E-01  -3.886270E-01   2.267185E-01
                2.267185E-01

       8    A  -3.875455E-01   1.396863E+01  -1.474372E+01   2.260826E-01
                2.260826E-01
            B  -3.886277E-01  -3.886277E-01  -3.886277E-01   2.267139E-01
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                2.267139E-01

       9    A  -3.875448E-01   1.396894E+01  -1.474403E+01   2.260872E-01
                2.260872E-01
            B  -3.886270E-01  -3.886270E-01  -3.886270E-01   2.267185E-01
                2.267185E-01

      10    A   4.932534E-01   2.099118E+01  -2.000467E+01   1.500318E+00
                1.500318E+00
            B   4.932534E-01   8.863818E+00  -7.877312E+00   1.500949E+00
                1.500949E+00

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    7
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
CASE1                                                        LOADCASE         1

            S T R E S S E S   I N   B A R   E L E M E N T S  ( D V P R O P 3 )

 BEAM ID  END     STRESS-1       STRESS-2       STRESS-3       STRESS-4
                  STRESS-5       STRESS-6       STRESS-7       STRESS-8

      11    A   4.932648E-01   2.099154E+01  -2.000501E+01   1.500318E+00
                1.500309E+00
            B   4.932648E-01   8.864047E+00  -7.877518E+00   1.500949E+00
                1.500940E+00

      12    A   4.932648E-01   2.099154E+01  -2.000501E+01   1.500309E+00
                1.500318E+00
            B   4.932648E-01   8.864047E+00  -7.877518E+00   1.500940E+00
                1.500949E+00

      13    A   2.254183E+00   2.254196E+00   2.254170E+00   4.095571E-07
                4.095561E-07
            B   2.253101E+00   2.253115E+00   2.253087E+00   4.095571E-07
                4.095561E-07

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    8
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
BUCKLING                                                     LOADCASE         2

                B U C K L I N G   L O A D   F A C T O R S

    MODE  BUCKLING LOAD FACTOR

       1     9.696923E+00
       2     9.697262E+00
       3     1.403692E+01
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       4     1.647010E+01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    9
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        1      BUCKLING LOAD FACTOR =   9.696923E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              1.258744E-03      9.107439E-04     -1.967113E-04

       2      1.000000E+00     -2.522747E-01      0.000000E+00
              7.922737E-04     -9.292287E-04      1.501703E-04

       3      2.796434E-01     -9.921446E-01      0.000000E+00
             -5.679168E-04      3.942252E-04      5.283461E-05

       4      5.730775E-01     -9.931624E-01     -4.219517E-06
              4.244289E-04      1.075356E-04      2.188139E-06

       5      5.287998E-01     -8.184032E-01     -4.231032E-06
              4.862402E-04      1.231958E-04      2.107918E-06

       6      5.280053E-01     -8.170369E-01     -1.426532E-02
              5.640681E-04      2.049638E-04     -9.370601E-06

       7      3.402500E-01     -4.858045E-01     -1.512420E-02
              1.038986E-03      6.862490E-04     -1.172164E-04

       8      5.296120E-01     -8.170217E-01     -3.657150E-02
              5.150885E-04      1.209302E-05      1.067961E-05

       9      6.648758E-01     -5.672779E-01     -3.877577E-02
              7.055517E-04     -6.288633E-04      9.097969E-05

      10      5.280907E-01     -8.184208E-01      5.082418E-02
              3.725481E-04      1.507506E-04      5.048515E-06

      11      4.306646E-01     -8.076700E-01      5.389126E-02
             -2.666263E-04      3.170469E-04      3.255736E-05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   10
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
BUCKLING                                                     LOADCASE         2
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                      B U C K L I N G   M O D E S

MODE NUMBER        2      BUCKLING LOAD FACTOR =   9.697262E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -6.603893E-04      2.699454E-04      5.561717E-05

       2      2.534466E-01      1.000000E+00      0.000000E+00
              1.180224E-03     -1.963872E-04      1.435450E-04

       3      9.932943E-01      2.805134E-01      0.000000E+00
             -1.439292E-04     -1.557126E-03     -2.009370E-04

       4     -1.629469E-01      2.802554E-01     -1.069493E-06
              1.075633E-04     -4.245445E-04     -6.180261E-07

       5      1.186061E-02      3.245452E-01     -1.072404E-06
              1.232297E-04     -4.863758E-04     -5.949113E-07

       6      1.206894E-02      3.241494E-01     -5.047403E-02
              4.026695E-05     -4.039101E-04      2.650015E-06

       7      7.512910E-02      2.362630E-01     -5.351805E-02
             -4.367130E-04      5.361045E-05      3.314108E-05

       8      1.247642E-02      3.256379E-01      3.759030E-02
              2.332306E-04     -4.527919E-04      7.741363E-06

       9      1.574046E-01      5.607705E-01      3.985800E-02
              8.788640E-04     -2.796982E-04      8.591806E-05

      10      1.376806E-02      3.245407E-01      1.288053E-02
              9.441608E-05     -5.954091E-04     -1.218584E-05

      11      3.976814E-01      3.272654E-01      1.365784E-02
             -6.757184E-05     -1.252273E-03     -1.208424E-04

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   11
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        3      BUCKLING LOAD FACTOR =   1.403692E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3
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       1      0.000000E+00      0.000000E+00      0.000000E+00
             -1.809713E-03     -1.044814E-03     -1.414946E-03

       2      3.020515E-04      1.000000E+00      0.000000E+00
              1.810662E-03     -1.045384E-03     -1.414866E-03

       3     -8.661617E-01      4.997384E-01      0.000000E+00
             -1.919399E-08      2.090739E-03     -1.414874E-03

       4     -2.885158E-01      4.997385E-01     -8.222950E-10
             -6.071135E-10      4.466911E-09     -1.894962E-03

       5     -2.885211E-01      4.997443E-01     -1.491399E-09
              2.782681E-08      2.172379E-08     -1.618704E-03

       6     -3.831606E-01      6.636697E-01      4.804296E-07
             -2.733828E-04     -1.578290E-04     -1.687764E-03

       7     -2.896283E-01      5.016620E-01      5.279295E-07
             -1.303356E-03     -7.524742E-04     -1.561285E-03

       8     -3.831625E-01      3.358157E-01     -2.210212E-06
              2.735337E-04     -1.579026E-04     -1.687828E-03

       9     -2.895329E-01      4.979924E-01     -2.341123E-06
              1.304042E-03     -7.528804E-04     -1.561282E-03

      10     -9.923827E-02      4.997443E-01      1.728115E-06
              1.175575E-08      3.158376E-04     -1.687827E-03

      11     -2.865015E-01      4.997446E-01      1.813772E-06
             -8.912366E-09      1.505752E-03     -1.561285E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   12
TRIPOD  BUCKLING PROBLEM                                                
                                                                        
BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        4      BUCKLING LOAD FACTOR =   1.647010E+01

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -5.722677E-04      9.911722E-04      4.510416E-09

       2      1.000000E+00      3.106170E-08      0.000000E+00
             -5.722673E-04     -9.911717E-04     -4.488611E-09
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       3      4.999999E-01      8.660472E-01      0.000000E+00
              1.144532E-03      1.255257E-10      1.368905E-09

       4      5.000000E-01      2.886813E-01     -1.685995E-01
              3.683111E-09      4.031991E-10     -3.689215E-10

       5      5.000000E-01      2.886826E-01     -1.691175E-01
              1.977988E-09     -1.121166E-10      2.330560E-10

       6      4.999791E-01      2.886704E-01     -1.684280E-01
             -3.202079E-05      5.546161E-05      1.454409E-10

       7      3.491727E-01      2.016002E-01     -1.176259E-01
             -3.877598E-04      6.716043E-04      1.726952E-09

       8      5.000210E-01      2.886705E-01     -1.684280E-01
             -3.202065E-05     -5.546209E-05     -3.918176E-10

       9      6.508273E-01      2.016003E-01     -1.176259E-01
             -3.877598E-04     -6.716039E-04     -1.769057E-09

      10      5.000000E-01      2.887068E-01     -1.684275E-01
              6.404712E-05     -3.729663E-10     -3.418218E-11

      11      4.999999E-01      4.628480E-01     -1.176253E-01
              7.755197E-04     -3.913398E-10      5.052433E-11

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   13
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                    RETAINED INTERMEDIATE RESPONSE SUMMARY

        NUMBER OF R. MASSES                                    1
        NUMBER OF R. BUCKLING ENERGIES                         2
        TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

        NUMBER OF INTERMEDIATE DESIGN VARIABLES               15

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   14
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E      0 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION
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      OBJECTIVE FUNCTION VALUE =  1.030824E-02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
        10     UPPER       2.000000E-02    2.000000E-01    4.000000E-01
        20     MIDDLE      2.000000E-02    2.000000E-01    4.000000E-01
        30     LOWER       2.000000E-02    2.000000E-01    4.000000E-01
        40     STIFFN      2.000000E-02    2.000000E-01    4.000000E-01
        50     SUPORT      2.000000E-02    2.000000E-01    4.000000E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   15
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

 CONSTRAINT

                             LAMA           
  -------------------------------------------------------------------------
--
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                 MODE         ID         VALUE      TYPE    VALUE     STATUS
  -------------------------------------------------------------------------
--
                    1             2    9.696923E+00  LB   5.000000E+00   I

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                    RETAINED RESPONSE STATUS

        THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            1
        THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            0
        THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
        TOTAL NUMBER OF USER RETAINED CONSTRAINTS              1
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                    RETAINED INTERMEDIATE RESPONSE SUMMARY
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        NUMBER OF R. MASSES                                    1
        NUMBER OF R. BUCKLING ENERGIES                         2
        TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

        NUMBER OF INTERMEDIATE DESIGN VARIABLES               15
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TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                    RETAINED INTERMEDIATE RESPONSE SUMMARY

        NUMBER OF R. MASSES                                    1
        NUMBER OF R. BUCKLING ENERGIES                         2
        TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

        NUMBER OF INTERMEDIATE DESIGN VARIABLES               15

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   19
TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                    RETAINED INTERMEDIATE RESPONSE SUMMARY

        NUMBER OF R. MASSES                                    1
        NUMBER OF R. BUCKLING ENERGIES                         2
        TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

        NUMBER OF INTERMEDIATE DESIGN VARIABLES               15
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                    RETAINED INTERMEDIATE RESPONSE SUMMARY

        NUMBER OF R. MASSES                                    1
        NUMBER OF R. BUCKLING ENERGIES                         2
        TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

        NUMBER OF INTERMEDIATE DESIGN VARIABLES               15
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606 Design Examples Manual November 2009 GENESIS



              ********************************************
              *  D E S I G N  C Y C L E      4 (ANALYSIS)*
              ********************************************
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TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                              M A S S   T A B L E

                        ITEM     NUMBER          MASS

                       SYSTEM                1.024446E-02
                       PBAR           1      7.513504E-06
                       PBAR           2      2.154106E-05
                       PBAR           3      1.001865E-05
                       PBAR           4      4.275266E-06
                       PBAR           5      1.107381E-06
                       MAT1           1      4.445586E-05
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TRIPOD  BUCKLING PROBLEM                                                
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -3.499889E-11 ; STRAIN ENERGY :  3.078033E+01
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TRIPOD  BUCKLING PROBLEM                                                
                                                                        
CASE1                                                        LOADCASE         1

                     G R I D   D I S P L A C E M E N T S

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -2.142843E-02      3.711718E-02      1.679494E-02

       2      3.636094E+01      1.007696E+01      0.000000E+00
             -2.142843E-02     -3.711718E-02      1.679493E-02

       3      9.453823E+00      3.652700E+01      0.000000E+00
              4.285843E-02      1.130914E-13      1.679493E-02

       4      1.527159E+01      1.553402E+01     -6.160629E+00
              5.352477E-07      1.132316E-13      1.679493E-02
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       5      1.527159E+01      1.553424E+01     -6.258681E+00
              5.764867E-07      1.196131E-13      1.679493E-02

       6      1.624015E+01      1.385412E+01     -6.133443E+00
             -2.216878E-03      3.840819E-03      1.679494E-02

       7      1.171520E+01      9.002651E+00     -4.279539E+00
             -1.265696E-02      2.192409E-02      1.679494E-02

       8      1.624228E+01      1.721311E+01     -6.133443E+00
             -2.216878E-03     -3.840819E-03      1.679493E-02

       9      2.270648E+01      1.572062E+01     -4.279539E+00
             -1.265696E-02     -2.192409E-02      1.679493E-02

      10      1.333233E+01      1.553547E+01     -6.133350E+00
              4.435379E-03      1.130994E-13      1.679493E-02

      11      1.139308E+01      2.188006E+01     -4.279438E+00
              2.531550E-02      1.130996E-13      1.679493E-02
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CASE1                                                        LOADCASE         1

            S T R E S S E S   I N   B A R   E L E M E N T S  ( D V P R O P 3 )

 BEAM ID  END     STRESS-1       STRESS-2       STRESS-3       STRESS-4
                  STRESS-5       STRESS-6       STRESS-7       STRESS-8

       1    A  -4.564352E+00   7.118155E+00  -1.624686E+01   6.408162E-01
                6.408209E-01
            B  -4.565434E+00   1.896214E+01  -2.809301E+01   6.401848E-01
                6.401894E-01

       2    A  -4.565419E+00   1.896157E+01  -2.809241E+01   6.401719E-01
                6.401719E-01
            B  -4.564337E+00   7.117858E+00  -1.624653E+01   6.408033E-01
                6.408033E-01

       3    A  -4.565434E+00   1.896214E+01  -2.809301E+01   6.401894E-01
                6.401848E-01
            B  -4.564352E+00   7.118155E+00  -1.624686E+01   6.408209E-01
                6.408162E-01

       4    A  -5.100687E-01   3.465775E+01  -3.567789E+01   2.975911E-01
                2.975919E-01
            B  -5.111509E-01   1.711227E+01  -1.813457E+01   2.982225E-01
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                2.982233E-01

       5    A  -5.100696E-01   3.465698E+01  -3.567712E+01   2.975855E-01
                2.975855E-01
            B  -5.111518E-01   1.711189E+01  -1.813419E+01   2.982169E-01
                2.982169E-01

       6    A  -5.100687E-01   3.465775E+01  -3.567789E+01   2.975919E-01
                2.975911E-01
            B  -5.111509E-01   1.711227E+01  -1.813457E+01   2.982233E-01
                2.982225E-01

       7    A  -1.102264E+00   3.971022E+01  -4.191475E+01   6.431281E-01
                6.431281E-01
            B  -1.103346E+00  -1.103346E+00  -1.103346E+00   6.437596E-01
                6.437596E-01

       8    A  -1.102266E+00   3.970933E+01  -4.191386E+01   6.431153E-01
                6.431153E-01
            B  -1.103348E+00  -1.103348E+00  -1.103348E+00   6.437467E-01
                6.437467E-01

       9    A  -1.102264E+00   3.971022E+01  -4.191475E+01   6.431281E-01
                6.431281E-01
            B  -1.103346E+00  -1.103346E+00  -1.103346E+00   6.437596E-01
                6.437596E-01

      10    A   7.805348E-01   4.420360E+01  -4.264253E+01   2.730750E+00
                2.730750E+00
            B   7.805348E-01   9.908842E+00  -8.347773E+00   2.731382E+00
                2.731382E+00
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CASE1                                                        LOADCASE         1

            S T R E S S E S   I N   B A R   E L E M E N T S  ( D V P R O P 3 )

 BEAM ID  END     STRESS-1       STRESS-2       STRESS-3       STRESS-4
                  STRESS-5       STRESS-6       STRESS-7       STRESS-8

      11    A   7.805532E-01   4.420452E+01  -4.264341E+01   2.730782E+00
                2.730725E+00
            B   7.805532E-01   9.909199E+00  -8.348093E+00   2.731413E+00
                2.731357E+00

      12    A   7.805532E-01   4.420452E+01  -4.264341E+01   2.730725E+00
                2.730782E+00
            B   7.805532E-01   9.909199E+00  -8.348093E+00   2.731357E+00
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                2.731413E+00

      13    A   1.808502E+01   1.808509E+01   1.808495E+01   3.444866E-06
                3.444865E-06
            B   1.808394E+01   1.808410E+01   1.808378E+01   3.444866E-06
                3.444865E-06
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BUCKLING                                                     LOADCASE         2

                B U C K L I N G   L O A D   F A C T O R S

    MODE  BUCKLING LOAD FACTOR

       1     5.021054E+00
       2     5.021171E+00
       3     6.828318E+00
       4     8.907108E+00
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BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        1      BUCKLING LOAD FACTOR =   5.021054E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              1.168184E-03      9.836375E-04     -1.877236E-04

       2      1.000000E+00     -8.004815E-02      0.000000E+00
              1.009687E-03     -9.918669E-04      1.717102E-04

       3      4.304390E-01     -9.060362E-01      0.000000E+00
             -6.218697E-04      1.329911E-04      1.695099E-05

       4      5.232309E-01     -9.075917E-01     -3.750690E-06
              3.704398E-04      2.970448E-05      3.446457E-07

       5      5.102408E-01     -7.455926E-01     -3.805930E-06
              4.860700E-04      3.897603E-05      3.174360E-07

       6      5.097602E-01     -7.447694E-01     -2.022667E-02
              6.036737E-04      1.927707E-04     -5.450939E-06
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       7      3.454304E-01     -4.401121E-01     -2.312486E-02
              8.909842E-04      5.930934E-04     -7.931821E-05

       8      5.107157E-01     -7.447824E-01     -2.675028E-02
              5.779410E-04     -1.276708E-04      5.579534E-06

       9      6.569625E-01     -4.649858E-01     -3.058372E-02
              7.980709E-04     -5.648328E-04      7.290513E-05

      10      5.101166E-01     -7.456034E-01      4.696573E-02
              3.132968E-04      5.476999E-05      8.284763E-07

      11      4.794707E-01     -7.223405E-01      5.370057E-02
             -1.582500E-04      9.448404E-05      7.362240E-06
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BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        2      BUCKLING LOAD FACTOR =   5.021171E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -9.005151E-04      1.308267E-04      8.919738E-05

       2      8.019283E-02      1.000000E+00      0.000000E+00
              1.075167E-03     -2.759410E-05      1.180242E-04

       3      9.062537E-01      4.305520E-01      0.000000E+00
             -4.986778E-05     -1.659323E-03     -2.076937E-04

       4     -2.501129E-01      4.304273E-01     -3.007702E-07
              2.970516E-05     -3.704586E-04     -1.755303E-07

       5     -8.810536E-02      4.434180E-01     -3.052000E-07
              3.897806E-05     -4.860966E-04     -1.606095E-07

       6     -8.788788E-02      4.430218E-01     -4.256364E-02
             -1.128662E-04     -3.929752E-04      2.580081E-06

       7      1.257277E-02      3.111677E-01     -4.866562E-02
             -5.112936E-04     -1.295853E-04      3.768195E-05

       8     -8.781120E-02      4.439452E-01      3.879656E-02
              2.076211E-04     -4.186721E-04      3.466875E-06
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       9      3.755547E-02      6.226683E-01      4.435873E-02
              6.467439E-04     -2.224422E-04      4.989149E-05

      10     -8.699417E-02      4.434171E-01      3.766180E-03
              2.512325E-05     -6.833423E-04     -6.531502E-06

      11      2.949281E-01      4.452826E-01      4.306250E-03
             -1.269003E-05     -1.178862E-03     -8.805304E-05
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BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        3      BUCKLING LOAD FACTOR =   6.828318E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -2.731779E-03     -1.577165E-03     -2.753636E-03

       2      1.388935E-04      1.000000E+00      0.000000E+00
              2.732227E-03     -1.577441E-03     -2.753595E-03

       3     -8.661008E-01      4.998797E-01      0.000000E+00
             -1.548784E-08      3.154875E-03     -2.753606E-03

       4     -2.885975E-01      4.998798E-01     -1.541500E-10
             -6.273559E-10      1.062241E-08     -3.770623E-03

       5     -2.886043E-01      4.998841E-01     -1.606201E-10
              2.223294E-08      2.651816E-08     -3.115663E-03

       6     -4.696426E-01      8.134611E-01      1.098056E-06
             -6.445192E-04     -3.720941E-04     -3.175638E-03

       7     -3.766723E-01      6.524258E-01      1.289190E-06
             -1.673551E-03     -9.662010E-04     -3.039576E-03

       8     -4.696436E-01      1.863056E-01     -2.389729E-06
              6.446298E-04     -3.721507E-04     -3.175668E-03

       9     -3.766290E-01      3.474179E-01     -2.641540E-06
              1.673828E-03     -9.663658E-04     -3.039582E-03

      10      7.347424E-02      4.998841E-01      1.291214E-06
              6.184737E-09      7.443411E-04     -3.175667E-03
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      11     -1.125656E-01      4.998843E-01      1.352023E-06
             -4.410248E-09      1.932748E-03     -3.039585E-03
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BUCKLING                                                     LOADCASE         2
                      B U C K L I N G   M O D E S

MODE NUMBER        4      BUCKLING LOAD FACTOR =   8.907108E+00

 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
             -6.417841E-04      1.111581E-03      3.051563E-09

       2      1.000000E+00      2.609060E-09      0.000000E+00
             -6.417840E-04     -1.111581E-03     -3.046575E-09

       3      5.000000E-01      8.660436E-01      0.000000E+00
              1.283565E-03      1.253794E-12      2.441209E-12

       4      5.000000E-01      2.886789E-01     -1.688418E-01
              5.892436E-09     -4.156258E-15      2.495745E-12

       5      5.000000E-01      2.886808E-01     -1.711209E-01
              3.773998E-09     -4.458984E-14      2.357355E-12

       6      4.999825E-01      2.886707E-01     -1.684289E-01
             -4.976283E-05      8.619117E-05     -5.048219E-10

       7      3.656820E-01      2.111310E-01     -1.231872E-01
             -3.281178E-04      5.683059E-04      1.399357E-10

       8      5.000175E-01      2.886707E-01     -1.684289E-01
             -4.976283E-05     -8.619117E-05      5.094992E-10

       9      6.343180E-01      2.111310E-01     -1.231872E-01
             -3.281178E-04     -5.683059E-04     -1.352652E-10

      10      5.000000E-01      2.887010E-01     -1.684281E-01
              9.953303E-05      5.029662E-14      2.283736E-12

      11      5.000000E-01      4.437825E-01     -1.231862E-01
              6.562380E-04      7.058359E-13      2.207373E-12
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              ********************************************
              *  D E S I G N  C Y C L E      4 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.024446E-02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
        10     UPPER       2.000000E-02    4.606085E-02    4.000000E-01
        20     MIDDLE      2.000000E-02    1.405122E-01    4.000000E-01
        30     LOWER       2.000000E-02    7.070053E-02    4.000000E-01
        40     STIFFN      2.000000E-02    1.162139E-01    4.000000E-01
        50     SUPORT      2.000000E-02    2.654157E-02    4.000000E-01
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 CONSTRAINT

                             LAMA           
  -------------------------------------------------------------------------
--
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                 MODE         ID         VALUE      TYPE    VALUE     STATUS
  -------------------------------------------------------------------------
--
                    1             2    5.021054E+00  LB   5.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                    RETAINED RESPONSE STATUS

        THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            0
        THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            1
        THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
        TOTAL NUMBER OF USER RETAINED CONSTRAINTS              1
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                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.031E-05 FOR TWO DESIGN CYCLES.
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.0308E-02         0.0%
   1     1.0268E-02         0.0%
   2     1.0250E-02         0.0%
   3     1.0246E-02         0.0%
   4     1.0244E-02         0.0%
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                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
              10            20            30            40            50
           UPPER        MIDDLE         LOWER        STIFFN        SUPORT

   0     2.0000E-01    2.0000E-01    2.0000E-01    2.0000E-01    2.0000E-01 
   1     1.0223E-01    1.5405E-01    1.0257E-01    1.7140E-01    1.6375E-01 
   2     5.1788E-02    1.4860E-01    7.5195E-02    1.1381E-01    8.3775E-02 
   3     4.7931E-02    1.3999E-01    7.0721E-02    1.1352E-01    5.2619E-02 
   4     4.6061E-02    1.4051E-01    7.0701E-02    1.1621E-01    2.6542E-02 
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                            ***** END OF OUTPUT *****
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2.46 Design of Plate Thicknesses using GNUSER and DRESPU 
to Constrain External Responses

Example ID:
D046

Design Data Used:
DVAR, GNUSER, DRESPU, DOBJ, DCONS, DVPROP3 

Special Feature Used:
This example demonstrates the use of GNUSER which allow users to execute the external pro-
gram to obtain the user responses for optimization.  DRESPU was used to get responses.  

Problem Statement:
Thicknesses of a 1000mm by 500mm plate were designed.  The shorter side was clamped and 
gravity and torsional load (at the free end) were applied.  In this example, it is assumed that plate 
thickness' variation was restricted for manufacturing reason.  Therefore, the average and standard 
deviation of thicknesses were calculated using external program (GNUSER) and returned GENE-
SIS as constrained responses.  In addition to that, the displacement at the plate corner where the 
point load was applied was constrained. 

Design Problem:
1. The objective function : Mass
2. The constraints : Absolute value of displacement at the corner point to be less than 0.5mm. 
Average thickness can be between 1.0 and 20.0mm, but standard deviation must be less than 1.0. 
3. Starting thicknesses are uniformly 10.0mm. 

Design Data Relationships:

Results:
Initial displacement was about twice the constraint limit (92.9% violation).  The final design 
increased 19% of mass, but all the constraints are satisfied. 

DVAR DVPROP3 PSHELL
DRESP1 DOBJ
DRESP1 DCONS
DRESPU GNUSER
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2.46.1 Input Data
ID D046
GNUSER=userp.exe
CEND
$
TITLE = Genesis job created on 20-Mar-00 
ECHO=NONE
LINE=64,80
TIMES=SCREEN
DPRINT = FLAST
APRINT = FLAST
$
LOADCASE  1
 LOAD = 1
 GRAV = 1
 SPC = 1
 DISP   = all
$
$ ----------------------------------------------
$ ---------------  BULK DATA -------------------
$ ----------------------------------------------
$
BEGIN BULK
$
$***********************************************
$*************  Design Card  *******************
$***********************************************
$
DVAR           1      P110.00000.100000050.00000
DVAR           2      P210.00000.100000050.00000
DVAR           3      P310.00000.100000050.00000
DVAR           4      P410.00000.100000050.00000
DVAR           5      P510.00000.100000050.00000
DVAR           6      P610.00000.100000050.00000
DVAR           7      P710.00000.100000050.00000
DVAR           8      P810.00000.100000050.00000

DVPROP3        1       1   SOLID       1
+              1
DVPROP3        2       2   SOLID       1
+              2
DVPROP3        3       3   SOLID       1
+              3
DVPROP3        4       4   SOLID       1
+              4
DVPROP3        5       5   SOLID       1
+              5
DVPROP3        6       6   SOLID       1
+              6
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DVPROP3        7       7   SOLID       1
+              7
DVPROP3        8       8   SOLID       1
+              8
DOPT 25
$
DRESP1         1    mass    MASS
DOBJ           1     OBJ             MIN
$
$
DRESP1         2tip_disp  DISP                  3       2
DCONS          2          -0.5     0.5
$
DRESPU         3 AVERAGE    1.0    20.0
DRESPU         4 S.DEV             1.
$
$ ---- GRIDS ----
$
GRID           1        -961.645  24.910   0.000        
GRID           2          38.355  24.910   0.000        
GRID           3        -961.645-475.090   0.000        
GRID           4          38.355-475.090   0.000        
GRID           5        -711.645  24.910   0.000        
GRID           6        -461.645  24.910   0.000        
GRID           7        -211.645  24.910   0.000        
GRID           8        -961.645-225.090   0.000        
GRID           9        -211.645-475.090   0.000        
GRID          10        -461.645-475.090   0.000        
GRID          11        -711.645-475.090   0.000        
GRID          12          38.355-225.090   0.000        
GRID          13        -461.645-225.090   0.000        
GRID          14        -211.645-225.090   0.000        
GRID          15        -711.645-225.090   0.000        
$
$ ---- ELEMENTS ----
$
CQUAD4         1       1       5       1       8      15
CQUAD4         2       2       2       7      14      12
CQUAD4         3       3      15       8       3      11
CQUAD4         4       4      12      14       9       4
CQUAD4         5       5       6       5      15      13
CQUAD4         6       6       7       6      13      14
CQUAD4         7       7      14      13      10       9
CQUAD4         8       8      13      15      11      10
$
$ ---- MATERIAL(S) ----
$
MAT1           1 207.0E3            0.28  7.8E-9 10.0E-6     0.0
$
$ ---- PROPERTIES ----
$
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PSHELL         1       110.00000      1              1
PSHELL         2       110.00000      1              1
PSHELL         3       110.00000      1              1
PSHELL         4       110.00000      1              1
PSHELL         5       110.00000      1              1
PSHELL         6       110.00000      1              1
PSHELL         7       110.00000      1              1
PSHELL         8       110.00000      1              1
$
FORCE          1       2         -10.000  0.0000  0.0000  1.0000
SPC            1       1  123456.0000000
SPC            1       3  123456.0000000
SPC            1       8  123456.0000000
GRAV           1          -980.0     0.0     0.0     1.0
$
ENDDATA
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2.46.2 Output Data

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE    1
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

PROJECT NAME: D046                
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                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                     15
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:          8
                  TOTAL NUMBER OF NON RIGID ELEMENTS:         8
                  NUMBER OF ELEMENT PROPERTIES:               8
                  NUMBER OF MATERIALS:                        1
                  NUMBER OF DEGREES OF FREEDOM:              72

                          OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGN VARIABLES:       8
                 TOTAL NUMBER OF DESIGN VARIABLES:             8
                 NUMBER OF DIRECT RESPONSES:                   2
                 NUMBER OF CONSTRAINTS:                        2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   20
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     11 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   21
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  4.867155E-14 ; STRAIN ENERGY :  6.342616E+00

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   22
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        
                                                             LOADCASE         1

                     G R I D   D I S P L A C E M E N T S
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 GRID ID            T1                T2                T3
                    R1                R2                R3

       1      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       2      0.000000E+00      0.000000E+00     -4.998152E-01
             -1.105693E-04      7.530789E-04      0.000000E+00

       3      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       4      0.000000E+00      0.000000E+00     -4.451988E-01
             -9.667357E-05      6.772133E-04      0.000000E+00

       5      0.000000E+00      0.000000E+00     -3.952124E-02
              5.452330E-05      3.084185E-04      0.000000E+00

       6      0.000000E+00      0.000000E+00     -1.520320E-01
              1.507213E-05      5.537832E-04      0.000000E+00

       7      0.000000E+00      0.000000E+00     -3.135412E-01
             -4.434599E-05      6.997536E-04      0.000000E+00

       8      0.000000E+00      0.000000E+00      0.000000E+00
              0.000000E+00      0.000000E+00      0.000000E+00

       9      0.000000E+00      0.000000E+00     -2.795850E-01
             -9.199951E-05      6.364977E-04      0.000000E+00

      10      0.000000E+00      0.000000E+00     -1.346486E-01
             -8.332534E-05      5.064080E-04      0.000000E+00

      11      0.000000E+00      0.000000E+00     -3.380165E-02
             -7.475816E-05      2.819065E-04      0.000000E+00

      12      0.000000E+00      0.000000E+00     -4.707166E-01
             -1.020528E-04      7.017651E-04      0.000000E+00

      13      0.000000E+00      0.000000E+00     -1.496513E-01
             -3.477656E-05      5.250139E-04      0.000000E+00

      14      0.000000E+00      0.000000E+00     -2.996127E-01
             -6.971652E-05      6.609594E-04      0.000000E+00

      15      0.000000E+00      0.000000E+00     -4.357585E-02
             -1.422355E-05      3.062949E-04      0.000000E+00

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   23
GENESIS JOB CREATED ON 20-MAR-00                                        
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              ********************************************
              *  D E S I G N  C Y C L E     11 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  4.641489E-02

 DESIGN VARIABLE

                       INDEPENDENT DESIGN VARIABLES
  -----------------------------------------------------------------------
  DESIGN       VARIABLE      LOWER           DESIGN          UPPER
  VARIABLE ID  LABEL         BOUND           VALUE           BOUND
  -----------------------------------------------------------------------
         1     P1          1.000000E-01    1.361697E+01    5.000000E+01
         2     P2          1.000000E-01    1.077167E+01    5.000000E+01
         3     P3          1.000000E-01    1.290151E+01    5.000000E+01
         4     P4          1.000000E-01    1.053553E+01    5.000000E+01
         5     P5          1.000000E-01    1.242646E+01    5.000000E+01
         6     P6          1.000000E-01    1.142490E+01    5.000000E+01
         7     P7          1.000000E-01    1.130961E+01    5.000000E+01
         8     P8          1.000000E-01    1.222338E+01    5.000000E+01

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   24
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

 CONSTRAINT

                        DISPLACEMENT        
  -------------------------------------------------------------------------
--
                           LOADCASE      RESPONSE   BOUND   BOUND     BOUND
              GRID ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
  -------------------------------------------------------------------------
--
                    2   3         1   -4.998152E-01  LB  -5.000000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   25
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                        RESPONSE U  
  -------------------------------------------------------------------------
--
             RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
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   LABEL     ID                          VALUE      TYPE    VALUE     STATUS
  -------------------------------------------------------------------------
--
   AVERAGE          3                  1.190125E+01  UB   2.000000E+01   I
   S.DEV            4                  1.002617E+00  UB   1.000000E+00   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   26
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                    RETAINED RESPONSE STATUS

        THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            1
        THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            2
        THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
        TOTAL NUMBER OF USER RETAINED CONSTRAINTS              3

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   27
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 3.900E-05 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   28
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     3.9000E-02        92.9%
   1     4.1075E-02        69.6%
   2     4.0902E-02        81.2%
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   3     4.3541E-02        34.6%
   4     4.5709E-02         3.1%
   5     4.6326E-02         8.7%
   6     4.6176E-02         9.6%
   7     4.6379E-02         2.6%
   8     4.6376E-02         2.3%
   9     4.6372E-02         2.3%
  10     4.6408E-02         0.6%
  11     4.6415E-02         0.3%

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   29
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               1             2             3             4             5
              P1            P2            P3            P4            P5

   0     1.0000E+01    1.0000E+01    1.0000E+01    1.0000E+01    1.0000E+01 
   1     1.1778E+01    7.8456E+00    1.1591E+01    7.3917E+00    1.1598E+01 
   2     1.3481E+01    8.9691E+00    1.3010E+01    8.7196E+00    1.1060E+01 
   3     1.3429E+01    9.7287E+00    1.1712E+01    9.3942E+00    1.2483E+01 
   4     1.3647E+01    1.0724E+01    1.2762E+01    1.0439E+01    1.2004E+01 
   5     1.3543E+01    1.0256E+01    1.2608E+01    1.0439E+01    1.2865E+01 
   6     1.3870E+01    1.0954E+01    1.3100E+01    1.0454E+01    1.2317E+01 
   7     1.3502E+01    1.0543E+01    1.3104E+01    1.0599E+01    1.2556E+01 
   8     1.3733E+01    1.0909E+01    1.2954E+01    1.0645E+01    1.2340E+01 
   9     1.3532E+01    1.0494E+01    1.2882E+01    1.0538E+01    1.2560E+01 
  10     1.3631E+01    1.0681E+01    1.3002E+01    1.0728E+01    1.2440E+01 
  11     1.3617E+01    1.0772E+01    1.2902E+01    1.0536E+01    1.2426E+01 

GENESIS   VERSION  6.0                   DATE 03-24-2000  TIME  8:26  PAGE   30
GENESIS JOB CREATED ON 20-MAR-00                                        
                                                                        

                 D E S I G N   V A R I A B L E   H I S T O R Y

DESIGN     DESIGN        DESIGN        DESIGN
CYCLE     VARIABLE      VARIABLE      VARIABLE
               6             7             8
              P6            P7            P8

   0     1.0000E+01    1.0000E+01    1.0000E+01 
   1     1.1398E+01    1.1110E+01    1.1545E+01 
   2     9.0696E+00    8.7424E+00    1.0849E+01 
   3     1.0509E+01    1.0118E+01    1.1941E+01 
   4     1.1307E+01    1.0896E+01    1.1982E+01 
   5     1.1313E+01    1.1758E+01    1.2248E+01 
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   6     1.1226E+01    1.1074E+01    1.1726E+01 
   7     1.1518E+01    1.1362E+01    1.1953E+01 
   8     1.1316E+01    1.1048E+01    1.2185E+01 
   9     1.1609E+01    1.1333E+01    1.2173E+01 
  10     1.1457E+01    1.1187E+01    1.2070E+01 
  11     1.1425E+01    1.1310E+01    1.2223E+01 

                            ***** END OF OUTPUT *****
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2.47 Three Rod Truss - Discrete Optimization

Example ID:
D047

Design Data Used:
DVAR, DVSET1, DVPROP1, DRESP1, DOBJ, DCONS 

Special Feature Used:
Discrete design variables.

Problem Statement:
The same as D001 except that the ROD areas can only take discrete values from 0.1 to 100.0 by 
increments of 0.1. 

Design Problem:
a. 3 discrete design variables.
b. 2 load cases.
c. 3 stress constraints per load case.
d. 2 displacement constraints per load case

Design Data Relationships:

Results:
The final design mass is 2.7042.
The found areas are A1=0.8, A2=0.3, A3=0.9.
These results are similar with the continuous optimization results in example D001 (Mass 
=2.6325, A1= 0.83, A2=0.35 and A3=0.83). 

DVSET1  DVAR  DVPROP1 
DRESP1  DOBJ 
DRESP1  DCONS 
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2.47.1 Input Data
ID D047
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - 3 DESIGN VARIABLES - discrete optimization
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
DOPT    15
+       DSTART  -1
$
$ DISCRET SET DEFINITION
DVSET1 1       0.1     100.0  0.1
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
+       1
DVAR    2       A2      2.0     0.1     100.0
+       1
DVAR    3       A3      1.0     0.1     100.0
+       1
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
DVPROP1 30      13      1
+DP3    3       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
DRESP1  25      S3      STRESS  PROD            2       13
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
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DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
DCONS   24      ALL     -15000. 20000.
DCONS   25      ALL     -15000. 20000.
$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.47.2 Output Data

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2001           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.0

                          BUILD CODE 200110111747 

                          EXPIRATION DATE: 12-31-2002

     LICENSED TO: Vanderplaats R&D FOR INTERNAL TESTING                       

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    1
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

 PROJECT NAME: D047                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                      4
                   NUMBER OF CROD ELEMENTS:                    3
                   TOTAL NUMBER OF NON RIGID ELEMENTS:         3
                   NUMBER OF ELEMENT PROPERTIES:               3
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:               2
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                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     W       
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                  NUMBER OF DISCRETE    DESIGN VARIABLES:       3
                  TOTAL NUMBER OF DESIGN VARIABLES:             3
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    2
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    3
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  4.088101E-17 ; STRAIN ENERGY :  1.873734E+02
 LOADCASE        2 ; RESIDUAL :  2.370829E-16 ; STRAIN ENERGY :  2.076160E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    4
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.5200E+04 -1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.5200E+05
       2 -1.6000E+04 -1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00 -
1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    5
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -1.5200E+04  1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.5200E+05
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       2  1.6000E+04  1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    6
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4      2.149605E-02     -4.211138E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    7
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4     -2.262742E-02     -4.432777E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    8
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

             S T R E S S E S   I N   R O D   E L E M E N T S
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   ROD ID          STRESS-A            STRESS-B

        1        1.285359E+04        1.285359E+04
        2        4.211138E+03        4.211138E+03
        3       -8.642454E+03       -8.642454E+03
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE    9
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1       -9.097320E+03       -9.097320E+03
        2        4.432777E+03        4.432777E+03
        3        1.353010E+04        1.353010E+04
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   10
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.828427E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     A1          1.000000E-01    1.000000E+00    1.000000E+02
          2     A2          1.000000E-01    2.000000E+00    1.000000E+02
          3     A3          1.000000E-01    1.000000E+00    1.000000E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   11
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                DISCRETE VARIABLES VALUES AND PROXIMITY PARAMETERS
   ------------------------------------------------------------------------
   VARIABLE  VARIABLE     LOWER          UPPER          ABS         BIAS STATUS
   ID        VALUE        CLOSEST        CLOSEST        (%)          (%)
   ------------------------------------------------------------------------

        1  1.00000E+00   1.00000E+00   1.10000E+00  0.00000      0.00000       
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        2  2.00000E+00   2.00000E+00   2.10000E+00  0.00000      0.00000       
        3  1.00000E+00   1.00000E+00   1.10000E+00  0.00000      0.00000       

                     DISCRETE VARIABLE STATUS 
                 [INITIAL OR RESTARTED DESIGN CYCLE] 

         MAX DISCRETE VIOLATION (ABSOLUTE CRITERIA)           0.0%
         MAX DISCRETE VIOLATION (BIAS CRITERIA)               0.0%
         THE NUMBER OF VOLATED DISCRETE VARIABLES               0
         TOTAL NUMBER OF DISCRETE VARIABLES                     3
         NUMBER OF COMPLETED DISCRETE DESIGN CYCLES             0
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   12
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

  CONSTRAINT

                         STRESS              
   ------------------------------------------------------------------------
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    ROD              1    2        1    1.285359E+04  UB   2.000000E+04   I
    ROD              3    2        1   -8.642454E+03  LB  -1.500000E+04   I
    ROD              1    2        2   -9.097320E+03  LB  -1.500000E+04   I
    ROD              3    2        2    1.353010E+04  UB   2.000000E+04   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   13
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   14
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -4.021310E-16 ; STRAIN ENERGY :  2.909155E+02
 LOADCASE        2 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  3.111345E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   15
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       1  1.5200E+04 -1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.5200E+05
       2 -1.6000E+04 -1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00 -
1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   16
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -1.5200E+04  1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.5200E+05
       2  1.6000E+04  1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   17
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4      3.215690E-02     -8.161932E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   18
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00
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        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4     -3.314878E-02     -7.657382E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   19
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1        2.015942E+04        2.015942E+04
        2        8.161932E+03        8.161932E+03
        3       -1.199749E+04       -1.199749E+04
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   20
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1       -1.274570E+04       -1.274570E+04
        2        7.657382E+03        7.657382E+03
        3        2.040308E+04        2.040308E+04
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE   21
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  113
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  1.711142E-16 ; STRAIN ENERGY :  2.776332E+02
 LOADCASE        2 ; RESIDUAL :  1.649374E-16 ; STRAIN ENERGY :  2.933473E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  114
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.5200E+04 -1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.5200E+05
       2 -1.6000E+04 -1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00 -
1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  115
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -1.5200E+04  1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.5200E+05
       2  1.6000E+04  1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  116
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4      2.611724E-02     -1.388459E-02      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  117
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
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               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4     -2.659936E-02     -1.342540E-02      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  118
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1        2.000092E+04        2.000092E+04
        2        1.388459E+04        1.388459E+04
        3       -6.116322E+03       -6.116322E+03
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  119
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1       -6.586979E+03       -6.586979E+03
        2        1.342540E+04        1.342540E+04
        3        2.001238E+04        2.001238E+04
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  120
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.632521E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
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   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     A1          1.000000E-01    8.105790E-01    1.000000E+02
          2     A2          1.000000E-01    2.644884E-01    1.000000E+02
          3     A3          1.000000E-01    8.638727E-01    1.000000E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  121
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                DISCRETE VARIABLES VALUES AND PROXIMITY PARAMETERS
   ------------------------------------------------------------------------
----
   VARIABLE  VARIABLE     LOWER          UPPER          ABS         BIAS STATUS
   ID        VALUE        CLOSEST        CLOSEST        (%)          (%)
   ------------------------------------------------------------------------
----

        1  8.10579E-01   8.00000E-01   9.00000E-01  1.32238      10.5790      V
        2  2.64488E-01   2.00000E-01   3.00000E-01  11.8372      35.5116      V
        3  8.63873E-01   8.00000E-01   9.00000E-01  4.01414      36.1273      V

                     DISCRETE VARIABLE STATUS 
               [CONTINUOUS OPTIMIZATION DESIGN CYCLE] 

         MAX DISCRETE VIOLATION (ABSOLUTE CRITERIA)          11.8%
         MAX DISCRETE VIOLATION (BIAS CRITERIA)              36.1%
         THE NUMBER OF VOLATED DISCRETE VARIABLES               3
         TOTAL NUMBER OF DISCRETE VARIABLES                     3
         NUMBER OF COMPLETED DISCRETE DESIGN CYCLES             0
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  122
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

  CONSTRAINT

                         STRESS              
   ------------------------------------------------------------------------
---
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
---
    ROD              1    2        1    2.000092E+04  UB   2.000000E+04   A
    ROD              2    2        1    1.388459E+04  UB   2.000000E+04   I
    ROD              2    2        2    1.342540E+04  UB   2.000000E+04   I
    ROD              3    2        2    2.001238E+04  UB   2.000000E+04   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN43HC"
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     WARNING CODE = 430003
     CONDITIONS FOR HARD CONVERGENCE HAS OCURRED USING THE 
     CONTINUOS OPTIMIZATION. GENESIS WILL CONTINUE NOW USING
     DISCRETE OPTIMIZATION WITHOUT STOPPING IN THIS CYCLE.
     CURRENT DESIGN CYCLE NUMBER IS:       10
                     DOPT DESMAX IS:       30
                     DOPT DSTART IS:       -1
      

     WARNING MESSAGE FROM SUBROUTINE "GN60DO".
     WARNING CODE = 600014
     THE BIGDOT OPTIMIZER WILL BE USED STARTING FROM
     THIS DESIGN CYCLE. THIS SWITCH HAS BEEN MADE
     TO ALLOWED DISCRETE VARIABLE OPTIMIZATION.
     THE DOPT PARAMETER "OPTM" WAS SET TO 1.

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  123
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  124
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -1.800894E-16 ; STRAIN ENERGY :  2.762666E+02
 LOADCASE        2 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  2.809855E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  125
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.5200E+04 -1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.5200E+05
       2 -1.6000E+04 -1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00 -
1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  126
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       1 -1.5200E+04  1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.5200E+05
       2  1.6000E+04  1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.6000E+05
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  127
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4      2.609393E-02     -1.367592E-02      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  128
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4     -2.589686E-02     -1.230178E-02      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  129
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1
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             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1        1.988493E+04        1.988493E+04
        2        1.367592E+04        1.367592E+04
        3       -6.209007E+03       -6.209007E+03
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  130
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1       -6.797537E+03       -6.797537E+03
        2        1.230178E+04        1.230178E+04
        3        1.909932E+04        1.909932E+04
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  131
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.704163E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     A1          1.000000E-01    8.000000E-01    1.000000E+02
          2     A2          1.000000E-01    3.000000E-01    1.000000E+02
          3     A3          1.000000E-01    9.000000E-01    1.000000E+02
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  132
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                DISCRETE VARIABLES VALUES AND PROXIMITY PARAMETERS
   ------------------------------------------------------------------------
   VARIABLE  VARIABLE     LOWER          UPPER          ABS         BIAS STATUS
   ID        VALUE        CLOSEST        CLOSEST        (%)          (%)
   ------------------------------------------------------------------------
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        1  8.00000E-01   8.00000E-01   9.00000E-01  0.00000      0.00000       
        2  3.00000E-01   3.00000E-01   4.00000E-01  0.00000      0.00000       
        3  9.00000E-01   9.00000E-01   1.00000E+00  0.00000      0.00000       

                     DISCRETE VARIABLE STATUS 
               [DISCRETE OPTIMIZATION DESIGN CYCLE] 

         MAX DISCRETE VIOLATION (ABSOLUTE CRITERIA)           0.0%
         MAX DISCRETE VIOLATION (BIAS CRITERIA)               0.0%
         THE NUMBER OF VOLATED DISCRETE VARIABLES               0
         TOTAL NUMBER OF DISCRETE VARIABLES                     3
         NUMBER OF COMPLETED DISCRETE DESIGN CYCLES             1
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  133
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

  CONSTRAINT

                         STRESS              
   ------------------------------------------------------------------------
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    ROD              1    2        1    1.988493E+04  UB   2.000000E+04   A
    ROD              2    2        1    1.367592E+04  UB   2.000000E+04   I
    ROD              2    2        2    1.230178E+04  UB   2.000000E+04   I
    ROD              3    2        2    1.909932E+04  UB   2.000000E+04   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  134
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                       ***********************************
                       * S O F T   C O N V E R G E N C E *
                       * NO FURTHER PROGRESS CAN BE MADE *
                       ***********************************

 THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  135
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.8284E+00         0.0%
    1     2.9116E+00         2.0%
    2     2.7744E+00         0.5%
    3     2.6501E+00         0.8%
    4     2.6424E+00         0.0%
    5     2.6223E+00         0.4%
    6     2.6312E+00         0.7%
    7     2.6390E+00         0.0%
    8     2.6316E+00         0.1%
    9     2.6279E+00         0.4%
   10     2.6325E+00         0.1%
   11     2.7042E+00         0.0%
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  136
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        
 CYCLE     VARIABLE      VARIABLE      VARIABLE      
                1             2             3      
               A1            A2            A3      
 
    0     1.0000E+00    2.0000E+00    1.0000E+00   
    1     6.4673E-01    1.0000E+00    7.0501E-01   
    2     6.8034E-01    7.5000E-01    7.5110E-01   
    3     7.3080E-01    5.0000E-01    7.8953E-01   
    4     7.6832E-01    3.8889E-01    8.2515E-01   
    5     8.0469E-01    2.7037E-01    8.5840E-01   
    6     7.5003E-01    4.2840E-01    8.0760E-01   
    7     7.8361E-01    3.4377E-01    8.3935E-01   
    8     8.0991E-01    2.6476E-01    8.6368E-01   
    9     7.7060E-01    3.6900E-01    8.2669E-01   
   10     8.1058E-01    2.6449E-01    8.6387E-01   
   11     8.0000E-01    3.0000E-01    9.0000E-01   
1GENESIS   VERSION  7.0                   DATE 10-15-2001  TIME 14:23  PAGE  137
 THREE ROD TRUSS - 3 DESIGN VARIABLES - DISCRETE OPTIMIZATION            
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

     D I S C R E T E   V A R I A B L E S  V I O L A T I O N   H I S T O R Y

  DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT MAXIMUM DISCRETE     MAXIMUM DISCRETE
  CYCLE    FUNCTION        VIOLATION          VIOLATION             VIOLATION
                                          ABSOLUTE CRITERIA      BIAS  CRITERIA
                                          VIOL   # OF DVAR       VIOL  # OF DVAR
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    0     4.8284E+00      0.0%            0.0%          0         0.0%         0
    1     2.9116E+00      2.0%            7.8%          2        46.7%         2
    2     2.7744E+00      0.5%            7.1%          3        50.0%         3
    3     2.6501E+00      0.8%            4.4%          2        30.8%         2
    4     2.6424E+00      0.0%            4.0%          3        31.7%         3
    5     2.6223E+00      0.4%            9.9%          3        41.6%         3
    6     2.6312E+00      0.7%            7.1%          3        50.0%         3
    7     2.6390E+00      0.0%           14.6%          3        43.8%         3
    8     2.6316E+00      0.1%           11.7%          3        36.3%         3
    9     2.6279E+00      0.4%            7.7%          3        31.0%         3
   10     2.6325E+00      0.1%           11.8%          3        36.1%         3
   11     2.7042E+00      0.0%            0.0%          0         0.0%         0
 ***** THERE WERE        2 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.48 Truck Cabin - Full System Design

Example ID:
D048         

Design Data Used:
GRID, PSHELL, MAT1, CQUAD4, EIGR, METHOD.

Special Feature Used:
NONE.

Problem Statement:
Maximize the first frequency of vibration of the cabin with a mass constraint of 9 kg for the bot-
tom part. The design variables are the thicknesses of the bottom parts.
 

Design Problem:
1. Finite element model of the bottom of a truck cabin.
2. Shell 1mm thick
3. Material E=200GPa, ρ=7590kg/m3.

 

Thickness 2 
Thickness 1 

Thickness 3 
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Analysis Data Relationships:

Results:
The final thicknesses were: 1.7139 mm, 1.1930mm, 1.1930 mm.
The first frequency was improved from 6.50 Hz to 9.29 Hz.

DVAR  DVPROP1 
DRESP1  DOBJ 
DRESP1  DCONS 
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2.48.1 Input Data
ID D048
CEND
TITLE=TRUCK CABIN
ECHO = NONE
LINE = *,80
LOADCASE        1
   METHOD=1
BEGIN BULK
$  --- DESIGN DATA ---
DOPT       10
+          BASIS       0
$
DVAR           1THCK1   1.000000.50000002.000000
DVAR           2THCK2   1.000000.50000002.000000
DVAR           3THCK3   1.000000.50000002.000000
$
DVPROP3        1       3   SOLID       1
+              1
DVPROP3        2      12   SOLID       1
+              2
DVPROP3        3      10   SOLID       1
+              3
$
DRESP1  300     freq    FREQ    7
DRESP1  100     Mass    MASS    MAT                     1
$
DOBJ    300     FREQ            MAX
DCONS   100                     .9E-2
$
$  --- ANALYSIS DATA ---
EIGR    1       LAN                             18
PSHELL         3       11.000000       1               1                P1
PSHELL         5       21.000000       1               1                P2
PSHELL         7       11.000000       1               1                P3
PSHELL        10       11.000000       1               1                P5
PSHELL        12       11.000000       1               1                P4
CQUAD4         1       3       1      12      13       2
CQUAD4         2       3       2      13      14       3
CQUAD4         3       3       3      14      15       4
CQUAD4         4       3       4      15      16       5
CQUAD4         5       3       5      16      17       6
CQUAD4         6       3       6      17      18       7
CQUAD4         7       3       7      18      19       8
CQUAD4         8       3       8      19      20       9
CQUAD4         9       3       9      20      21      10
CQUAD4        10       3      10      21      22      11
CQUAD4        11      12      12      23      24      13
CQUAD4        12      12      13      24      25      14
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CQUAD4        13      12      14      25      26      15
CQUAD4        14      12      15      26      27      16
CQUAD4        15      12      16      27      28      17
CQUAD4        16      12      17      28      29      18
CQUAD4        17      12      18      29      30      19
CQUAD4        18      12      19      30      31      20
CQUAD4        19      12      20      31      32      21
CQUAD4        20      12      21      32      33      22
CQUAD4        21       3      23      34      35      24
CQUAD4        22       3      24      35      36      25
CQUAD4        23       3      25      36      37      26
CQUAD4        24       3      26      37      38      27
CQUAD4        25       3      27      38      39      28
CQUAD4        26       3      28      39      40      29
CQUAD4        27       3      29      40      41      30
CQUAD4        28       3      30      41      42      31
CQUAD4        29       3      31      42      43      32
CQUAD4        30       3      32      43      44      33
CQUAD4        31       3      34      45      46      35
CQUAD4        32       3      35      46      47      36
CQUAD4        33       3      36      47      48      37
CQUAD4        34       3      37      48      49      38
CQUAD4        35       3      38      49      50      39
CQUAD4        36       3      39      50      51      40
CQUAD4        37       3      40      51      52      41
CQUAD4        38       3      41      52      53      42
CQUAD4        39       3      42      53      54      43
CQUAD4        40       3      43      54      55      44
CQUAD4        41       3      45      56      57      46
CQUAD4        42       3      46      57      58      47
CQUAD4        43       3      47      58      59      48
CQUAD4        44       3      48      59      60      49
CQUAD4        45       3      49      60      61      50
CQUAD4        46       3      50      61      62      51
CQUAD4        47       3      51      62      63      52
CQUAD4        48       3      52      63      64      53
CQUAD4        49       3      53      64      65      54
CQUAD4        50       3      54      65      66      55
CQUAD4        51      10      56      67      68      57
CQUAD4        52      10      57      68      69      58
CQUAD4        53      10      58      69      70      59
CQUAD4        54      10      59      70      71      60
CQUAD4        55      10      60      71      72      61
CQUAD4        56      10      61      72      73      62
CQUAD4        57      10      62      73      74      63
CQUAD4        58      10      63      74      75      64
CQUAD4        59      10      64      75      76      65
CQUAD4        60      10      65      76      77      66
CQUAD4        61       3      67      78      79      68
CQUAD4        62       3      68      79      80      69
CQUAD4        63       3      69      80      81      70
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CQUAD4        64       3      70      81      82      71
CQUAD4        65       3      71      82      83      72
CQUAD4        66       3      72      83      84      73
CQUAD4        67       3      73      84      85      74
CQUAD4        68       3      74      85      86      75
CQUAD4        69       3      75      86      87      76
CQUAD4        70       3      76      87      88      77
CQUAD4        71       5       1      12      92      91
CQUAD4        72       5      91      92      94      93
CQUAD4        73       5      93      94      96      95
CQUAD4        74       5      95      96      98      97
CQUAD4        75       5      67      78     102     101
CQUAD4        76       5     101     102     104     103
CQUAD4        77       5     103     104     106     105
CQUAD4        78       5     105     106     108     107
CQUAD4        79       5      78      79     112     102
CQUAD4        80       5     102     112     114     104
CQUAD4        81       5     104     114     116     106
CQUAD4        82       5     106     116     118     108
CQUAD4        83       5       1      91     122       2
CQUAD4        84       5      91      93     124     122
CQUAD4        85       5      93      95     126     124
CQUAD4        86       5      95      97     128     126
CQUAD4        87       5      97      98     132     128
CQUAD4        88       5      98     133     134     132
CQUAD4        89       5     133     135     136     134
CQUAD4        90       5     135     137     138     136
CQUAD4        91       5     137     139     140     138
CQUAD4        92       5     139     107     142     140
CQUAD4        93       5     107     108     118     142
CQUAD4        94       5      11     153     154      22
CQUAD4        95       5      22     154     155      33
CQUAD4        96       5      33     155     156      44
CQUAD4        97       5      44     156     157      55
CQUAD4        98       5      55     157     158      66
CQUAD4        99       5      66     158     159      77
CQUAD4       100       5      77     159     160      88
CQUAD4       101       5     153     161     162     154
CQUAD4       102       5     154     162     163     155
CQUAD4       103       5     155     163     164     156
CQUAD4       104       5     156     164     165     157
CQUAD4       105       5     157     165     166     158
CQUAD4       106       5     158     166     167     159
CQUAD4       107       5     159     167     168     160
CQUAD4       108       5     161     169     170     162
CQUAD4       109       5     162     170     171     163
CQUAD4       110       5     163     171     172     164
CQUAD4       111       5     164     172     173     165
CQUAD4       112       5     165     173     174     166
CQUAD4       113       5     166     174     175     167
CQUAD4       114       5     167     175     176     168
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CQUAD4       115       5     169     177     178     170
CQUAD4       116       5     170     178     179     171
CQUAD4       117       5     171     179     180     172
CQUAD4       118       5     172     180     181     173
CQUAD4       119       5     173     181     182     174
CQUAD4       120       5     174     182     183     175
CQUAD4       121       5     175     183     184     176
CQUAD4       122       5     177     185     186     178
CQUAD4       123       5     178     186     187     179
CQUAD4       124       5     179     187     188     180
CQUAD4       125       5     180     188     189     181
CQUAD4       126       5     181     189     190     182
CQUAD4       127       5     182     190     191     183
CQUAD4       128       5     183     191     192     184
CQUAD4       129       5     185     193     194     186
CQUAD4       130       5     186     194     195     187
CQUAD4       131       5     187     195     196     188
CQUAD4       132       5     188     196     197     189
CQUAD4       133       5     189     197     198     190
CQUAD4       134       5     190     198     199     191
CQUAD4       135       5     191     199     200     192
CQUAD4       136       5       7     206     207       8
CQUAD4       137       5       8     207     208       9
CQUAD4       138       5       9     208     209      10
CQUAD4       139       5      10     209     153      11
CQUAD4       140       5     206     211     212     207
CQUAD4       141       5     207     212     213     208
CQUAD4       142       5     208     213     214     209
CQUAD4       143       5     209     214     161     153
CQUAD4       144       5     211     216     217     212
CQUAD4       145       5     212     217     218     213
CQUAD4       146       5     213     218     219     214
CQUAD4       147       5     214     219     169     161
CQUAD4       148       5     216     221     222     217
CQUAD4       149       5     217     222     223     218
CQUAD4       150       5     218     223     224     219
CQUAD4       151       5     219     224     177     169
CQUAD4       152       5     221     226     227     222
CQUAD4       153       5     222     227     228     223
CQUAD4       154       5     223     228     229     224
CQUAD4       155       5     224     229     185     177
CQUAD4       156       5     226     231     232     227
CQUAD4       157       5     227     232     233     228
CQUAD4       158       5     228     233     234     229
CQUAD4       159       5     229     234     193     185
CQUAD4       160       5      84      85     242     241
CQUAD4       161       5      85      86     243     242
CQUAD4       162       5      86      87     244     243
CQUAD4       163       5      87      88     160     244
CQUAD4       164       5     241     242     247     246
CQUAD4       165       5     242     243     248     247
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CQUAD4       166       5     243     244     249     248
CQUAD4       167       5     244     160     168     249
CQUAD4       168       5     246     247     252     251
CQUAD4       169       5     247     248     253     252
CQUAD4       170       5     248     249     254     253
CQUAD4       171       5     249     168     176     254
CQUAD4       172       5     251     252     257     256
CQUAD4       173       5     252     253     258     257
CQUAD4       174       5     253     254     259     258
CQUAD4       175       5     254     176     184     259
CQUAD4       176       5     256     257     262     261
CQUAD4       177       5     257     258     263     262
CQUAD4       178       5     258     259     264     263
CQUAD4       179       5     259     184     192     264
CQUAD4       180       5     261     262     267     266
CQUAD4       181       5     262     263     268     267
CQUAD4       182       5     263     264     269     268
CQUAD4       183       5     264     192     200     269
CQUAD4       184       5     231     276     277     232
CQUAD4       185       5     232     277     278     233
CQUAD4       186       5     233     278     279     234
CQUAD4       187       5     234     279     194     193
CQUAD4       188       5     276     281     282     277
CQUAD4       189       5     277     282     283     278
CQUAD4       190       5     278     283     284     279
CQUAD4       191       5     279     284     195     194
CQUAD4       192       5     281     286     287     282
CQUAD4       193       5     282     287     288     283
CQUAD4       194       5     283     288     289     284
CQUAD4       195       5     284     289     196     195
CQUAD4       196       5     286     291     292     287
CQUAD4       197       5     287     292     293     288
CQUAD4       198       5     288     293     294     289
CQUAD4       199       5     289     294     197     196
CQUAD4       200       5     291     296     297     292
CQUAD4       201       5     292     297     298     293
CQUAD4       202       5     293     298     299     294
CQUAD4       203       5     294     299     198     197
CQUAD4       204       5     296     301     302     297
CQUAD4       205       5     297     302     303     298
CQUAD4       206       5     298     303     304     299
CQUAD4       207       5     299     304     199     198
CQUAD4       208       5     301     266     267     302
CQUAD4       209       5     302     267     268     303
CQUAD4       210       5     303     268     269     304
CQUAD4       211       5     304     269     200     199
CQUAD4       212       5     118     312     318     142
CQUAD4       213       5     312     313     319     318
CQUAD4       214       5     313     314     320     319
CQUAD4       215       5     314     315     321     320
CQUAD4       216       5     315     266     301     321
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CQUAD4       217       5     142     318     324     140
CQUAD4       218       5     318     319     325     324
CQUAD4       219       5     319     320     326     325
CQUAD4       220       5     320     321     327     326
CQUAD4       221       5     321     301     296     327
CQUAD4       222       5     140     324     330     138
CQUAD4       223       5     324     325     331     330
CQUAD4       224       5     325     326     332     331
CQUAD4       225       5     326     327     333     332
CQUAD4       226       5     327     296     291     333
CQUAD4       227       5     138     330     336     136
CQUAD4       228       5     330     331     337     336
CQUAD4       229       5     331     332     338     337
CQUAD4       230       5     332     333     339     338
CQUAD4       231       5     333     291     286     339
CQUAD4       232       5     136     336     342     134
CQUAD4       233       5     336     337     343     342
CQUAD4       234       5     337     338     344     343
CQUAD4       235       5     338     339     345     344
CQUAD4       236       5     339     286     281     345
CQUAD4       237       5     134     342     348     132
CQUAD4       238       5     342     343     349     348
CQUAD4       239       5     343     344     350     349
CQUAD4       240       5     344     345     351     350
CQUAD4       241       5     345     281     276     351
CQUAD4       242       5     132     348     354     128
CQUAD4       243       5     348     349     355     354
CQUAD4       244       5     349     350     356     355
CQUAD4       245       5     350     351     357     356
CQUAD4       246       5     351     276     231     357
CQUAD4       247       7     358     360     361     359
CQUAD4       248       7     360     362     363     361
CQUAD4       249       7     362     364     365     363
CQUAD4       250       7     364     366     367     365
CQUAD4       251       7     366     368     369     367
CQUAD4       252       7     368     370     371     369
CQUAD4       253       7     370     372     373     371
CQUAD4       254       7     372     374     375     373
CQUAD4       255       7     374     376     377     375
CQUAD4       256       7      45      46     374     376
CQUAD4       257       7      46      47     372     374
CQUAD4       258       7      47      48     370     372
CQUAD4       259       7      48      49     368     370
CQUAD4       260       7      49      50     366     368
CQUAD4       261       7      50      51     364     366
CQUAD4       262       7      51      52     362     364
CQUAD4       263       7      52      53     360     362
CQUAD4       264       7      53      54     358     360
CQUAD4       265       7      34      35     375     377
CQUAD4       266       7      35      36     373     375
CQUAD4       267       7      36      37     371     373
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CQUAD4       268       7      37      38     369     371
CQUAD4       269       7      38      39     367     369
CQUAD4       270       7      39      40     365     367
CQUAD4       271       7      40      41     363     365
CQUAD4       272       7      41      42     361     363
CQUAD4       273       7      42      43     359     361
CTRIA3       274       7     358      54      55
CTRIA3       275       7     359      44      43
CQUAD4       276       7     359     358      55      44
MAT1           1.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1      
MAT1           2.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1     
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           3           0.000-300.000   0.000
GRID           4           0.000-200.000   0.000
GRID           5           0.000-100.000   0.000
GRID           6           0.000   0.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          13          88.286-400.000   0.000
GRID          14          88.286-300.000   0.000
GRID          15          88.286-200.000   0.000
GRID          16          88.286-100.000   0.000
GRID          17          88.286   0.000   0.000
GRID          18          88.286 100.000   0.000
GRID          19          88.286 200.000   0.000
GRID          20          88.286 300.000   0.000
GRID          21          88.286 400.000   0.000
GRID          22          88.286 500.000   0.000
GRID          23         176.571-500.000   0.000
GRID          24         176.571-400.000   0.000
GRID          25         176.571-300.000   0.000
GRID          26         176.571-200.000   0.000
GRID          27         176.571-100.000   0.000
GRID          28         176.571   0.000   0.000
GRID          29         176.571 100.000   0.000
GRID          30         176.571 200.000   0.000
GRID          31         176.571 300.000   0.000
GRID          32         176.571 400.000   0.000
GRID          33         176.571 500.000   0.000
GRID          34         264.857-500.000   0.000
GRID          35         264.857-400.000   0.000
GRID          36         264.857-300.000   0.000
GRID          37         264.857-200.000   0.000
GRID          38         264.857-100.000   0.000
GRID          39         264.857   0.000   0.000
GRID          40         264.857 100.000   0.000
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GRID          41         264.857 200.000   0.000
GRID          42         264.857 300.000   0.000
GRID          43         264.857 400.000   0.000
GRID          44         264.857 500.000   0.000
GRID          45         353.143-500.000   0.000
GRID          46         353.143-400.000   0.000
GRID          47         353.143-300.000   0.000
GRID          48         353.143-200.000   0.000
GRID          49         353.143-100.000   0.000
GRID          50         353.143   0.000   0.000
GRID          51         353.143 100.000   0.000
GRID          52         353.143 200.000   0.000
GRID          53         353.143 300.000   0.000
GRID          54         353.143 400.000   0.000
GRID          55         353.143 500.000   0.000
GRID          56         441.429-500.000   0.000
GRID          57         441.429-400.000   0.000
GRID          58         441.429-300.000   0.000
GRID          59         441.429-200.000   0.000
GRID          60         441.429-100.000   0.000
GRID          61         441.429   0.000   0.000
GRID          62         441.429 100.000   0.000
GRID          63         441.429 200.000   0.000
GRID          64         441.429 300.000   0.000
GRID          65         441.429 400.000   0.000
GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          68         529.714-400.000   0.000
GRID          69         529.714-300.000   0.000
GRID          70         529.714-200.000   0.000
GRID          71         529.714-100.000   0.000
GRID          72         529.714   0.000   0.000
GRID          73         529.714 100.000   0.000
GRID          74         529.714 200.000   0.000
GRID          75         529.714 300.000   0.000
GRID          76         529.714 400.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          80         618.000-300.000   0.000
GRID          81         618.000-200.000   0.000
GRID          82         618.000-100.000   0.000
GRID          83         618.000   0.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID          91           0.000-500.000  75.000
GRID          92          88.286-500.000  75.000
GRID          93           0.000-500.000 150.000
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GRID          94          88.286-500.000 150.000
GRID          95           0.000-500.000 225.000
GRID          96          88.286-500.000 225.000
GRID          97           0.000-500.000 300.000
GRID          98          88.286-500.000 300.000
GRID         101         529.714-500.000  75.000
GRID         102         618.000-500.000  75.000
GRID         103         529.714-500.000 150.000
GRID         104         618.000-500.000 150.000
GRID         105         529.714-500.000 225.000
GRID         106         618.000-500.000 225.000
GRID         107         529.714-500.000 300.000
GRID         108         618.000-500.000 300.000
GRID         112         618.000-400.000  82.500
GRID         114         618.000-400.000 165.000
GRID         116         618.000-400.000 247.500
GRID         118         618.000-400.000 330.000
GRID         122           0.000-400.000  82.500
GRID         124           0.000-400.000 165.000
GRID         126           0.000-400.000 247.500
GRID         128           0.000-400.000 330.000
GRID         132          88.286-400.000 330.000
GRID         133         176.571-500.000 300.000
GRID         134         176.571-400.000 330.000
GRID         135         264.857-500.000 300.000
GRID         136         264.857-400.000 330.000
GRID         137         353.143-500.000 300.000
GRID         138         353.143-400.000 330.000
GRID         139         441.429-500.000 300.000
GRID         140         441.429-400.000 330.000
GRID         142         529.714-400.000 330.000
GRID         153           0.000 500.000  91.667
GRID         154          88.286 500.000  91.667
GRID         155         176.571 500.000  91.667
GRID         156         264.857 500.000  91.667
GRID         157         353.143 500.000  91.667
GRID         158         441.429 500.000  91.667
GRID         159         529.714 500.000  91.667
GRID         160         618.000 500.000  91.667
GRID         161           0.000 500.000 183.333
GRID         162          88.286 500.000 183.333
GRID         163         176.571 500.000 183.333
GRID         164         264.857 500.000 183.333
GRID         165         353.143 500.000 183.333
GRID         166         441.429 500.000 183.333
GRID         167         529.714 500.000 183.333
GRID         168         618.000 500.000 183.333
GRID         169           0.000 500.000 275.000
GRID         170          88.286 500.000 275.000
GRID         171         176.571 500.000 275.000
GRID         172         264.857 500.000 275.000
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GRID         173         353.143 500.000 275.000
GRID         174         441.429 500.000 275.000
GRID         175         529.714 500.000 275.000
GRID         176         618.000 500.000 275.000
GRID         177           0.000 500.000 366.667
GRID         178          88.286 500.000 366.667
GRID         179         176.571 500.000 366.667
GRID         180         264.857 500.000 366.667
GRID         181         353.143 500.000 366.667
GRID         182         441.429 500.000 366.667
GRID         183         529.714 500.000 366.667
GRID         184         618.000 500.000 366.667
GRID         185           0.000 500.000 458.333
GRID         186          88.286 500.000 458.333
GRID         187         176.571 500.000 458.333
GRID         188         264.857 500.000 458.333
GRID         189         353.143 500.000 458.333
GRID         190         441.429 500.000 458.333
GRID         191         529.714 500.000 458.333
GRID         192         618.000 500.000 458.333
GRID         193           0.000 500.000 550.000
GRID         194          88.286 500.000 550.000
GRID         195         176.571 500.000 550.000
GRID         196         264.857 500.000 550.000
GRID         197         353.143 500.000 550.000
GRID         198         441.429 500.000 550.000
GRID         199         529.714 500.000 550.000
GRID         200         618.000 500.000 550.000
GRID         206           0.000 100.000  83.333
GRID         207           0.000 200.000  85.417
GRID         208           0.000 300.000  87.500
GRID         209           0.000 400.000  89.583
GRID         211           0.000 100.000 166.667
GRID         212           0.000 200.000 170.833
GRID         213           0.000 300.000 175.000
GRID         214           0.000 400.000 179.167
GRID         216           0.000 100.000 250.000
GRID         217           0.000 200.000 256.250
GRID         218           0.000 300.000 262.500
GRID         219           0.000 400.000 268.750
GRID         221           0.000 100.000 333.333
GRID         222           0.000 200.000 341.667
GRID         223           0.000 300.000 350.000
GRID         224           0.000 400.000 358.333
GRID         226           0.000 100.000 416.667
GRID         227           0.000 200.000 427.083
GRID         228           0.000 300.000 437.500
GRID         229           0.000 400.000 447.917
GRID         231           0.000 100.000 500.000
GRID         232           0.000 200.000 512.500
GRID         233           0.000 300.000 525.000
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GRID         234           0.000 400.000 537.500
GRID         241         618.000 100.000  83.333
GRID         242         618.000 200.000  85.417
GRID         243         618.000 300.000  87.500
GRID         244         618.000 400.000  89.583
GRID         246         618.000 100.000 166.667
GRID         247         618.000 200.000 170.833
GRID         248         618.000 300.000 175.000
GRID         249         618.000 400.000 179.167
GRID         251         618.000 100.000 250.000
GRID         252         618.000 200.000 256.250
GRID         253         618.000 300.000 262.500
GRID         254         618.000 400.000 268.750
GRID         256         618.000 100.000 333.333
GRID         257         618.000 200.000 341.667
GRID         258         618.000 300.000 350.000
GRID         259         618.000 400.000 358.333
GRID         261         618.000 100.000 416.667
GRID         262         618.000 200.000 427.083
GRID         263         618.000 300.000 437.500
GRID         264         618.000 400.000 447.917
GRID         266         618.000 100.000 500.000
GRID         267         618.000 200.000 512.500
GRID         268         618.000 300.000 525.000
GRID         269         618.000 400.000 537.500
GRID         276          88.286 100.000 500.000
GRID         277          88.286 200.000 512.500
GRID         278          88.286 300.000 525.000
GRID         279          88.286 400.000 537.500
GRID         281         176.571 100.000 500.000
GRID         282         176.571 200.000 512.500
GRID         283         176.571 300.000 525.000
GRID         284         176.571 400.000 537.500
GRID         286         264.857 100.000 500.000
GRID         287         264.857 200.000 512.500
GRID         288         264.857 300.000 525.000
GRID         289         264.857 400.000 537.500
GRID         291         353.143 100.000 500.000
GRID         292         353.143 200.000 512.500
GRID         293         353.143 300.000 525.000
GRID         294         353.143 400.000 537.500
GRID         296         441.429 100.000 500.000
GRID         297         441.429 200.000 512.500
GRID         298         441.429 300.000 525.000
GRID         299         441.429 400.000 537.500
GRID         301         529.714 100.000 500.000
GRID         302         529.714 200.000 512.500
GRID         303         529.714 300.000 525.000
GRID         304         529.714 400.000 537.500
GRID         312         618.000-300.000 364.000
GRID         313         618.000-200.000 398.000
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GRID         314         618.000-100.000 432.000
GRID         315         618.000   0.000 466.000
GRID         318         529.714-300.000 364.000
GRID         319         529.714-200.000 398.000
GRID         320         529.714-100.000 432.000
GRID         321         529.714   0.000 466.000
GRID         324         441.429-300.000 364.000
GRID         325         441.429-200.000 398.000
GRID         326         441.429-100.000 432.000
GRID         327         441.429   0.000 466.000
GRID         330         353.143-300.000 364.000
GRID         331         353.143-200.000 398.000
GRID         332         353.143-100.000 432.000
GRID         333         353.143   0.000 466.000
GRID         336         264.857-300.000 364.000
GRID         337         264.857-200.000 398.000
GRID         338         264.857-100.000 432.000
GRID         339         264.857   0.000 466.000
GRID         342         176.571-300.000 364.000
GRID         343         176.571-200.000 398.000
GRID         344         176.571-100.000 432.000
GRID         345         176.571   0.000 466.000
GRID         348          88.286-300.000 364.000
GRID         349          88.286-200.000 398.000
GRID         350          88.286-100.000 432.000
GRID         351          88.286   0.000 466.000
GRID         354           0.000-300.000 364.000
GRID         355           0.000-200.000 398.000
GRID         356           0.000-100.000 432.000
GRID         357           0.000   0.000 466.000
GRID         358         343.143 400.000  75.000
GRID         359         274.857 400.000  75.000
GRID         360         343.143 300.000  75.000
GRID         361         274.857 300.000  75.000
GRID         362         343.143 200.000  75.000
GRID         363         274.857 200.000  75.000
GRID         364         343.143 100.000  75.000
GRID         365         274.857 100.000  75.000
GRID         366         343.143   0.000  75.000
GRID         367         274.857   0.000  75.000
GRID         368         343.143-100.000  75.000
GRID         369         274.857-100.000  75.000
GRID         370         343.143-200.000  75.000
GRID         371         274.857-200.000  75.000
GRID         372         343.143-300.000  75.000
GRID         373         274.857-300.000  75.000
GRID         374         343.143-400.000  75.000
GRID         375         274.857-400.000  75.000
GRID         376         343.143-500.000  75.000
GRID         377         274.857-500.000  75.000
SUPORT1        1      51  123456
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ENDDATA
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2.48.2 Output Data

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2001           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.0

                          BUILD CODE 200110111747 

                          EXPIRATION DATE: 12-31-2002

     LICENSED TO: Vanderplaats R&D FOR INTERNAL TESTING                       

       
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    1
 TRUCK CABIN                                                             
                                                                         

 PROJECT NAME: D048              

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    294
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        274
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       276
                   NUMBER OF ELEMENT PROPERTIES:               5
                   NUMBER OF MATERIALS:                        2
                   NUMBER OF DEGREES OF FREEDOM:            1764
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                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MAXIMIZE     FREQ    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                  TOTAL NUMBER OF DESIGN VARIABLES:             3
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    2
 TRUCK CABIN                                                             
                                                                         

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1   -1.000000E+01   -5.032921E-01         0        18       2       0.28
      2    4.837807E+04    3.500615E+01        19         1       2       0.40
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    3
 TRUCK CABIN                                                             
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    4
 TRUCK CABIN                                                             
                                                                         
                                                              LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  2.114947E-04 -1.765870E-06  1.328860E-03  1.000000E+00 -1.765870E-06
        2  8.200125E-05 -2.654610E-07  5.152291E-04  1.000000E+00 -2.654610E-07
        3  5.781446E-05 -1.319571E-07  3.632589E-04  1.000000E+00 -1.319571E-07
        4  1.796459E-05 -1.274073E-08  1.128749E-04  1.000000E+00 -1.274073E-08
        5  3.875320E-05  5.928912E-08  2.434936E-04  1.000000E+00  5.928912E-08
        6  2.090245E-04  1.724862E-06  1.313340E-03  1.000000E+00  1.724862E-06
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        7  6.506098E+00  1.671094E+03  4.087902E+01  1.000000E+00  1.671094E+03
        8  8.316762E+00  2.730664E+03  5.225575E+01  1.000000E+00  2.730664E+03
        9  1.174230E+01  5.443346E+03  7.377903E+01  1.000000E+00  5.443346E+03
       10  1.297582E+01  6.647060E+03  8.152950E+01  1.000000E+00  6.647060E+03
       11  1.708987E+01  1.153020E+04  1.073788E+02  1.000000E+00  1.153020E+04
       12  1.912318E+01  1.443711E+04  1.201545E+02  1.000000E+00  1.443711E+04
       13  2.063486E+01  1.680981E+04  1.296526E+02  1.000000E+00  1.680981E+04
       14  2.117608E+01  1.770317E+04  1.330532E+02  1.000000E+00  1.770317E+04
       15  2.194416E+01  1.901067E+04  1.378792E+02  1.000000E+00  1.901067E+04
       16  2.749987E+01  2.985526E+04  1.727868E+02  1.000000E+00  2.985526E+04
       17  2.750184E+01  2.985954E+04  1.727991E+02  1.000000E+00  2.985954E+04
       18  2.933713E+01  3.397778E+04  1.843306E+02  1.000000E+00  3.397778E+04
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    5
 TRUCK CABIN                                                             
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.506098E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.000000E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.000000E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.000000E+00    2.000000E+00
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    6
 TRUCK CABIN                                                             
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
---
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
---
    MASS             1  MAT             6.322502E-03  UB   9.000000E-03   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    7
 TRUCK CABIN                                                             
                                                                         

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1   -1.000000E+01   -5.032921E-01         0        21       2       0.28
      2    4.973143E+04    3.549242E+01        18         0      10       0.05
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    8
 TRUCK CABIN                                                             
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   54
 TRUCK CABIN                                                             
                                                                         
                                                              LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.959865E-04 -1.516394E-06  1.231419E-03  1.000000E+00 -1.516394E-06
        2  1.057652E-04 -4.416167E-07  6.645424E-04  1.000000E+00 -4.416167E-07
        3  9.829197E-05 -3.814133E-07  6.175867E-04  1.000000E+00 -3.814133E-07
        4  1.753950E-05  1.214491E-08  1.102040E-04  1.000000E+00  1.214491E-08
        5  1.303627E-04  6.709130E-07  8.190928E-04  1.000000E+00  6.709130E-07
        6  2.025668E-04  1.619931E-06  1.272765E-03  1.000000E+00  1.619931E-06
        7  9.278229E+00  3.398521E+03  5.829683E+01  1.000000E+00  3.398521E+03
        8  1.139059E+01  5.122147E+03  7.156918E+01  1.000000E+00  5.122147E+03
        9  1.356364E+01  7.262934E+03  8.522285E+01  1.000000E+00  7.262934E+03
       10  1.768969E+01  1.235380E+04  1.111476E+02  1.000000E+00  1.235380E+04
       11  2.016978E+01  1.606061E+04  1.267304E+02  1.000000E+00  1.606061E+04
       12  2.153242E+01  1.830398E+04  1.352922E+02  1.000000E+00  1.830398E+04
       13  2.201840E+01  1.913953E+04  1.383457E+02  1.000000E+00  1.913953E+04
       14  2.255905E+01  2.009099E+04  1.417427E+02  1.000000E+00  2.009099E+04
       15  2.379683E+01  2.235619E+04  1.495199E+02  1.000000E+00  2.235619E+04
       16  2.941562E+01  3.415984E+04  1.848238E+02  1.000000E+00  3.415984E+04
       17  3.137290E+01  3.885698E+04  1.971217E+02  1.000000E+00  3.885698E+04
       18  3.879264E+01  5.940984E+04  2.437413E+02  1.000000E+00  5.940984E+04
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               ********************************************
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               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.278229E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.700719E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.225948E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.225893E+00    2.000000E+00
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   56
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  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    MASS             1  MAT             8.973000E-03  UB   9.000000E-03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   57
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                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1   -1.000000E+01   -5.032921E-01         0        18       2       0.29
      2    6.799516E+04    4.150105E+01        19         1       2       0.26
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               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   59
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 TRUCK CABIN                                                             
                                                                         
                                                              LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.986962E-04 -1.558615E-06  1.248445E-03  1.000000E+00 -1.558615E-06
        2  1.029430E-04 -4.183635E-07  6.468102E-04  1.000000E+00 -4.183635E-07
        3  6.918661E-05 -1.889748E-07  4.347123E-04  1.000000E+00 -1.889748E-07
        4  3.058472E-05  3.692911E-08  1.921695E-04  1.000000E+00  3.692911E-08
        5  1.056023E-04  4.402569E-07  6.635186E-04  1.000000E+00  4.402569E-07
        6  1.964124E-04  1.522991E-06  1.234095E-03  1.000000E+00  1.522991E-06
        7  9.285738E+00  3.404024E+03  5.834401E+01  1.000000E+00  3.404024E+03
        8  1.134828E+01  5.084172E+03  7.130338E+01  1.000000E+00  5.084172E+03
        9  1.355029E+01  7.248651E+03  8.513901E+01  1.000000E+00  7.248651E+03
       10  1.765672E+01  1.230778E+04  1.109404E+02  1.000000E+00  1.230778E+04
       11  2.017164E+01  1.606358E+04  1.267422E+02  1.000000E+00  1.606358E+04
       12  2.151677E+01  1.827738E+04  1.351939E+02  1.000000E+00  1.827738E+04
       13  2.202107E+01  1.914418E+04  1.383625E+02  1.000000E+00  1.914418E+04
       14  2.255150E+01  2.007755E+04  1.416953E+02  1.000000E+00  2.007755E+04
       15  2.375988E+01  2.228683E+04  1.492877E+02  1.000000E+00  2.228683E+04
       16  2.941302E+01  3.415380E+04  1.848075E+02  1.000000E+00  3.415380E+04
       17  3.136334E+01  3.883329E+04  1.970617E+02  1.000000E+00  3.883329E+04
       18  3.879296E+01  5.941083E+04  2.437434E+02  1.000000E+00  5.941083E+04
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               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.285738E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.713880E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.193047E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.192988E+00    2.000000E+00
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  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    MASS             1  MAT             8.973000E-03  UB   9.000000E-03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   62
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE   63
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     6.5061E+00         0.0%
    1     7.8227E+00         0.0%
    2     8.8476E+00         0.0%
    3     9.1993E+00         0.0%
    4     9.2128E+00         0.0%
    5     9.2258E+00         0.0%
    6     9.2381E+00         0.0%
    7     9.2496E+00         0.0%
    8     9.2601E+00         0.0%
    9     9.2697E+00         0.0%
   10     9.2782E+00         0.0%
   11     9.2857E+00         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        
 CYCLE     VARIABLE      VARIABLE      VARIABLE      
                1             2             3      
            THCK1         THCK2         THCK3      
 
    0     1.0000E+00    1.0000E+00    1.0000E+00   
    1     1.2993E+00    1.2992E+00    1.2993E+00   
    2     1.5012E+00    1.5011E+00    1.5012E+00   
    3     1.5835E+00    1.5190E+00    1.5191E+00   
    4     1.6024E+00    1.4717E+00    1.4717E+00   
    5     1.6208E+00    1.4258E+00    1.4258E+00   
    6     1.6384E+00    1.3816E+00    1.3816E+00   
    7     1.6553E+00    1.3394E+00    1.3393E+00   
    8     1.6714E+00    1.2992E+00    1.2992E+00   
    9     1.6865E+00    1.2614E+00    1.2613E+00   
   10     1.7007E+00    1.2259E+00    1.2259E+00   
   11     1.7139E+00    1.1930E+00    1.1930E+00   
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.49 Truck Cabin - Superelement Simulation using Craig-
Bampton modes

Example ID:
D049         

Design Data Used:
GRID, SPOINT, PSHELL, MAT1, CQUAD4, EIGR, ASET, QSET, METHOD, CBMETHOD

Special Feature Used:
Craig-Bampton modes in Guyan reduction loadcase.

Problem Statement:
Using six Craig-Bamptom modes write the matrix [K] and [M] for the top part of a truck cabin in 
order to use it later in D050  to optimize the bottom part. 

Design Problem:
1. Finite element model of the top of a truck cabin.
2. Shell 1mm thick
3. Material E=200GPa, ρ=7590kg/m3.
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Analysis Data Relationships:

Results:
The two matrices [K] and [M] have been written in the files D0490003.KAA and D0490003.MAA 
and are ready to be used.

CQUAD4  PSHELL  MAT1 
QSET  SPOINT 
ASET  GRID 
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2.49.1 Input Data
ID D049
CEND
TITLE=TOP OF TRUCK CABIN SUPERELEMENT                                          
ECHO = NONE
LINE = *,80
LOADCASE        3
   LABEL=ASET-EIGEN                                                  
   METHOD =1
   ASET=1
   QSET = 1
   CBMETHOD=2
   KAA = POST
   MAA = POST
BEGIN BULK
$  --- ANALYSIS DATA ---
EIGR    1       LAN                             12
EIGR    2       LAN                             30
PSHELL         5       11.000000       1               1                P2
CQUAD4        71       5       1      12      92      91
CQUAD4        72       5      91      92      94      93
CQUAD4        73       5      93      94      96      95
CQUAD4        74       5      95      96      98      97
CQUAD4        75       5      67      78     102     101
CQUAD4        76       5     101     102     104     103
CQUAD4        77       5     103     104     106     105
CQUAD4        78       5     105     106     108     107
CQUAD4        79       5      78      79     112     102
CQUAD4        80       5     102     112     114     104
CQUAD4        81       5     104     114     116     106
CQUAD4        82       5     106     116     118     108
CQUAD4        83       5       1      91     122       2
CQUAD4        84       5      91      93     124     122
CQUAD4        85       5      93      95     126     124
CQUAD4        86       5      95      97     128     126
CQUAD4        87       5      97      98     132     128
CQUAD4        88       5      98     133     134     132
CQUAD4        89       5     133     135     136     134
CQUAD4        90       5     135     137     138     136
CQUAD4        91       5     137     139     140     138
CQUAD4        92       5     139     107     142     140
CQUAD4        93       5     107     108     118     142
CQUAD4        94       5      11     153     154      22
CQUAD4        95       5      22     154     155      33
CQUAD4        96       5      33     155     156      44
CQUAD4        97       5      44     156     157      55
CQUAD4        98       5      55     157     158      66
CQUAD4        99       5      66     158     159      77
CQUAD4       100       5      77     159     160      88
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CQUAD4       101       5     153     161     162     154
CQUAD4       102       5     154     162     163     155
CQUAD4       103       5     155     163     164     156
CQUAD4       104       5     156     164     165     157
CQUAD4       105       5     157     165     166     158
CQUAD4       106       5     158     166     167     159
CQUAD4       107       5     159     167     168     160
CQUAD4       108       5     161     169     170     162
CQUAD4       109       5     162     170     171     163
CQUAD4       110       5     163     171     172     164
CQUAD4       111       5     164     172     173     165
CQUAD4       112       5     165     173     174     166
CQUAD4       113       5     166     174     175     167
CQUAD4       114       5     167     175     176     168
CQUAD4       115       5     169     177     178     170
CQUAD4       116       5     170     178     179     171
CQUAD4       117       5     171     179     180     172
CQUAD4       118       5     172     180     181     173
CQUAD4       119       5     173     181     182     174
CQUAD4       120       5     174     182     183     175
CQUAD4       121       5     175     183     184     176
CQUAD4       122       5     177     185     186     178
CQUAD4       123       5     178     186     187     179
CQUAD4       124       5     179     187     188     180
CQUAD4       125       5     180     188     189     181
CQUAD4       126       5     181     189     190     182
CQUAD4       127       5     182     190     191     183
CQUAD4       128       5     183     191     192     184
CQUAD4       129       5     185     193     194     186
CQUAD4       130       5     186     194     195     187
CQUAD4       131       5     187     195     196     188
CQUAD4       132       5     188     196     197     189
CQUAD4       133       5     189     197     198     190
CQUAD4       134       5     190     198     199     191
CQUAD4       135       5     191     199     200     192
CQUAD4       136       5       7     206     207       8
CQUAD4       137       5       8     207     208       9
CQUAD4       138       5       9     208     209      10
CQUAD4       139       5      10     209     153      11
CQUAD4       140       5     206     211     212     207
CQUAD4       141       5     207     212     213     208
CQUAD4       142       5     208     213     214     209
CQUAD4       143       5     209     214     161     153
CQUAD4       144       5     211     216     217     212
CQUAD4       145       5     212     217     218     213
CQUAD4       146       5     213     218     219     214
CQUAD4       147       5     214     219     169     161
CQUAD4       148       5     216     221     222     217
CQUAD4       149       5     217     222     223     218
CQUAD4       150       5     218     223     224     219
CQUAD4       151       5     219     224     177     169
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CQUAD4       152       5     221     226     227     222
CQUAD4       153       5     222     227     228     223
CQUAD4       154       5     223     228     229     224
CQUAD4       155       5     224     229     185     177
CQUAD4       156       5     226     231     232     227
CQUAD4       157       5     227     232     233     228
CQUAD4       158       5     228     233     234     229
CQUAD4       159       5     229     234     193     185
CQUAD4       160       5      84      85     242     241
CQUAD4       161       5      85      86     243     242
CQUAD4       162       5      86      87     244     243
CQUAD4       163       5      87      88     160     244
CQUAD4       164       5     241     242     247     246
CQUAD4       165       5     242     243     248     247
CQUAD4       166       5     243     244     249     248
CQUAD4       167       5     244     160     168     249
CQUAD4       168       5     246     247     252     251
CQUAD4       169       5     247     248     253     252
CQUAD4       170       5     248     249     254     253
CQUAD4       171       5     249     168     176     254
CQUAD4       172       5     251     252     257     256
CQUAD4       173       5     252     253     258     257
CQUAD4       174       5     253     254     259     258
CQUAD4       175       5     254     176     184     259
CQUAD4       176       5     256     257     262     261
CQUAD4       177       5     257     258     263     262
CQUAD4       178       5     258     259     264     263
CQUAD4       179       5     259     184     192     264
CQUAD4       180       5     261     262     267     266
CQUAD4       181       5     262     263     268     267
CQUAD4       182       5     263     264     269     268
CQUAD4       183       5     264     192     200     269
CQUAD4       184       5     231     276     277     232
CQUAD4       185       5     232     277     278     233
CQUAD4       186       5     233     278     279     234
CQUAD4       187       5     234     279     194     193
CQUAD4       188       5     276     281     282     277
CQUAD4       189       5     277     282     283     278
CQUAD4       190       5     278     283     284     279
CQUAD4       191       5     279     284     195     194
CQUAD4       192       5     281     286     287     282
CQUAD4       193       5     282     287     288     283
CQUAD4       194       5     283     288     289     284
CQUAD4       195       5     284     289     196     195
CQUAD4       196       5     286     291     292     287
CQUAD4       197       5     287     292     293     288
CQUAD4       198       5     288     293     294     289
CQUAD4       199       5     289     294     197     196
CQUAD4       200       5     291     296     297     292
CQUAD4       201       5     292     297     298     293
CQUAD4       202       5     293     298     299     294
674 Design Examples Manual November 2009 GENESIS



CQUAD4       203       5     294     299     198     197
CQUAD4       204       5     296     301     302     297
CQUAD4       205       5     297     302     303     298
CQUAD4       206       5     298     303     304     299
CQUAD4       207       5     299     304     199     198
CQUAD4       208       5     301     266     267     302
CQUAD4       209       5     302     267     268     303
CQUAD4       210       5     303     268     269     304
CQUAD4       211       5     304     269     200     199
CQUAD4       212       5     118     312     318     142
CQUAD4       213       5     312     313     319     318
CQUAD4       214       5     313     314     320     319
CQUAD4       215       5     314     315     321     320
CQUAD4       216       5     315     266     301     321
CQUAD4       217       5     142     318     324     140
CQUAD4       218       5     318     319     325     324
CQUAD4       219       5     319     320     326     325
CQUAD4       220       5     320     321     327     326
CQUAD4       221       5     321     301     296     327
CQUAD4       222       5     140     324     330     138
CQUAD4       223       5     324     325     331     330
CQUAD4       224       5     325     326     332     331
CQUAD4       225       5     326     327     333     332
CQUAD4       226       5     327     296     291     333
CQUAD4       227       5     138     330     336     136
CQUAD4       228       5     330     331     337     336
CQUAD4       229       5     331     332     338     337
CQUAD4       230       5     332     333     339     338
CQUAD4       231       5     333     291     286     339
CQUAD4       232       5     136     336     342     134
CQUAD4       233       5     336     337     343     342
CQUAD4       234       5     337     338     344     343
CQUAD4       235       5     338     339     345     344
CQUAD4       236       5     339     286     281     345
CQUAD4       237       5     134     342     348     132
CQUAD4       238       5     342     343     349     348
CQUAD4       239       5     343     344     350     349
CQUAD4       240       5     344     345     351     350
CQUAD4       241       5     345     281     276     351
CQUAD4       242       5     132     348     354     128
CQUAD4       243       5     348     349     355     354
CQUAD4       244       5     349     350     356     355
CQUAD4       245       5     350     351     357     356
CQUAD4       246       5     351     276     231     357
MAT1           1.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1      
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
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GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          22          88.286 500.000   0.000
GRID          33         176.571 500.000   0.000
GRID          44         264.857 500.000   0.000
GRID          55         353.143 500.000   0.000
GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID          91           0.000-500.000  75.000
GRID          92          88.286-500.000  75.000
GRID          93           0.000-500.000 150.000
GRID          94          88.286-500.000 150.000
GRID          95           0.000-500.000 225.000
GRID          96          88.286-500.000 225.000
GRID          97           0.000-500.000 300.000
GRID          98          88.286-500.000 300.000
GRID         101         529.714-500.000  75.000
GRID         102         618.000-500.000  75.000
GRID         103         529.714-500.000 150.000
GRID         104         618.000-500.000 150.000
GRID         105         529.714-500.000 225.000
GRID         106         618.000-500.000 225.000
GRID         107         529.714-500.000 300.000
GRID         108         618.000-500.000 300.000
GRID         112         618.000-400.000  82.500
GRID         114         618.000-400.000 165.000
GRID         116         618.000-400.000 247.500
GRID         118         618.000-400.000 330.000
GRID         122           0.000-400.000  82.500
GRID         124           0.000-400.000 165.000
GRID         126           0.000-400.000 247.500
GRID         128           0.000-400.000 330.000
GRID         132          88.286-400.000 330.000
GRID         133         176.571-500.000 300.000
GRID         134         176.571-400.000 330.000
GRID         135         264.857-500.000 300.000
GRID         136         264.857-400.000 330.000
GRID         137         353.143-500.000 300.000
GRID         138         353.143-400.000 330.000
GRID         139         441.429-500.000 300.000
GRID         140         441.429-400.000 330.000
GRID         142         529.714-400.000 330.000
GRID         153           0.000 500.000  91.667
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GRID         154          88.286 500.000  91.667
GRID         155         176.571 500.000  91.667
GRID         156         264.857 500.000  91.667
GRID         157         353.143 500.000  91.667
GRID         158         441.429 500.000  91.667
GRID         159         529.714 500.000  91.667
GRID         160         618.000 500.000  91.667
GRID         161           0.000 500.000 183.333
GRID         162          88.286 500.000 183.333
GRID         163         176.571 500.000 183.333
GRID         164         264.857 500.000 183.333
GRID         165         353.143 500.000 183.333
GRID         166         441.429 500.000 183.333
GRID         167         529.714 500.000 183.333
GRID         168         618.000 500.000 183.333
GRID         169           0.000 500.000 275.000
GRID         170          88.286 500.000 275.000
GRID         171         176.571 500.000 275.000
GRID         172         264.857 500.000 275.000
GRID         173         353.143 500.000 275.000
GRID         174         441.429 500.000 275.000
GRID         175         529.714 500.000 275.000
GRID         176         618.000 500.000 275.000
GRID         177           0.000 500.000 366.667
GRID         178          88.286 500.000 366.667
GRID         179         176.571 500.000 366.667
GRID         180         264.857 500.000 366.667
GRID         181         353.143 500.000 366.667
GRID         182         441.429 500.000 366.667
GRID         183         529.714 500.000 366.667
GRID         184         618.000 500.000 366.667
GRID         185           0.000 500.000 458.333
GRID         186          88.286 500.000 458.333
GRID         187         176.571 500.000 458.333
GRID         188         264.857 500.000 458.333
GRID         189         353.143 500.000 458.333
GRID         190         441.429 500.000 458.333
GRID         191         529.714 500.000 458.333
GRID         192         618.000 500.000 458.333
GRID         193           0.000 500.000 550.000
GRID         194          88.286 500.000 550.000
GRID         195         176.571 500.000 550.000
GRID         196         264.857 500.000 550.000
GRID         197         353.143 500.000 550.000
GRID         198         441.429 500.000 550.000
GRID         199         529.714 500.000 550.000
GRID         200         618.000 500.000 550.000
GRID         206           0.000 100.000  83.333
GRID         207           0.000 200.000  85.417
GRID         208           0.000 300.000  87.500
GRID         209           0.000 400.000  89.583
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GRID         211           0.000 100.000 166.667
GRID         212           0.000 200.000 170.833
GRID         213           0.000 300.000 175.000
GRID         214           0.000 400.000 179.167
GRID         216           0.000 100.000 250.000
GRID         217           0.000 200.000 256.250
GRID         218           0.000 300.000 262.500
GRID         219           0.000 400.000 268.750
GRID         221           0.000 100.000 333.333
GRID         222           0.000 200.000 341.667
GRID         223           0.000 300.000 350.000
GRID         224           0.000 400.000 358.333
GRID         226           0.000 100.000 416.667
GRID         227           0.000 200.000 427.083
GRID         228           0.000 300.000 437.500
GRID         229           0.000 400.000 447.917
GRID         231           0.000 100.000 500.000
GRID         232           0.000 200.000 512.500
GRID         233           0.000 300.000 525.000
GRID         234           0.000 400.000 537.500
GRID         241         618.000 100.000  83.333
GRID         242         618.000 200.000  85.417
GRID         243         618.000 300.000  87.500
GRID         244         618.000 400.000  89.583
GRID         246         618.000 100.000 166.667
GRID         247         618.000 200.000 170.833
GRID         248         618.000 300.000 175.000
GRID         249         618.000 400.000 179.167
GRID         251         618.000 100.000 250.000
GRID         252         618.000 200.000 256.250
GRID         253         618.000 300.000 262.500
GRID         254         618.000 400.000 268.750
GRID         256         618.000 100.000 333.333
GRID         257         618.000 200.000 341.667
GRID         258         618.000 300.000 350.000
GRID         259         618.000 400.000 358.333
GRID         261         618.000 100.000 416.667
GRID         262         618.000 200.000 427.083
GRID         263         618.000 300.000 437.500
GRID         264         618.000 400.000 447.917
GRID         266         618.000 100.000 500.000
GRID         267         618.000 200.000 512.500
GRID         268         618.000 300.000 525.000
GRID         269         618.000 400.000 537.500
GRID         276          88.286 100.000 500.000
GRID         277          88.286 200.000 512.500
GRID         278          88.286 300.000 525.000
GRID         279          88.286 400.000 537.500
GRID         281         176.571 100.000 500.000
GRID         282         176.571 200.000 512.500
GRID         283         176.571 300.000 525.000
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GRID         284         176.571 400.000 537.500
GRID         286         264.857 100.000 500.000
GRID         287         264.857 200.000 512.500
GRID         288         264.857 300.000 525.000
GRID         289         264.857 400.000 537.500
GRID         291         353.143 100.000 500.000
GRID         292         353.143 200.000 512.500
GRID         293         353.143 300.000 525.000
GRID         294         353.143 400.000 537.500
GRID         296         441.429 100.000 500.000
GRID         297         441.429 200.000 512.500
GRID         298         441.429 300.000 525.000
GRID         299         441.429 400.000 537.500
GRID         301         529.714 100.000 500.000
GRID         302         529.714 200.000 512.500
GRID         303         529.714 300.000 525.000
GRID         304         529.714 400.000 537.500
GRID         312         618.000-300.000 364.000
GRID         313         618.000-200.000 398.000
GRID         314         618.000-100.000 432.000
GRID         315         618.000   0.000 466.000
GRID         318         529.714-300.000 364.000
GRID         319         529.714-200.000 398.000
GRID         320         529.714-100.000 432.000
GRID         321         529.714   0.000 466.000
GRID         324         441.429-300.000 364.000
GRID         325         441.429-200.000 398.000
GRID         326         441.429-100.000 432.000
GRID         327         441.429   0.000 466.000
GRID         330         353.143-300.000 364.000
GRID         331         353.143-200.000 398.000
GRID         332         353.143-100.000 432.000
GRID         333         353.143   0.000 466.000
GRID         336         264.857-300.000 364.000
GRID         337         264.857-200.000 398.000
GRID         338         264.857-100.000 432.000
GRID         339         264.857   0.000 466.000
GRID         342         176.571-300.000 364.000
GRID         343         176.571-200.000 398.000
GRID         344         176.571-100.000 432.000
GRID         345         176.571   0.000 466.000
GRID         348          88.286-300.000 364.000
GRID         349          88.286-200.000 398.000
GRID         350          88.286-100.000 432.000
GRID         351          88.286   0.000 466.000
GRID         354           0.000-300.000 364.000
GRID         355           0.000-200.000 398.000
GRID         356           0.000-100.000 432.000
GRID         357           0.000   0.000 466.000
$
SPOINT  500     501     502     503     504     505
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$
QSET2   1       500             501             502
QSET2   1       503             504             505
$
ASET2          1       1  123456
ASET2          1       2  123456
ASET2          1       7  123456
ASET2          1       8  123456
ASET2          1       9  123456
ASET2          1      10  123456
ASET2          1      11  123456
ASET2          1      12  123456
ASET2          1      22  123456
ASET2          1      33  123456
ASET2          1      44  123456
ASET2          1      55  123456
ASET2          1      66  123456
ASET2          1      67  123456
ASET2          1      77  123456
ASET2          1      78  123456
ASET2          1      79  123456
ASET2          1      84  123456
ASET2          1      85  123456
ASET2          1      86  123456
ASET2          1      87  123456
ASET2          1      88  123456
ENDDATA
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2.49.2 Output Data

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2001           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.0

                          BUILD CODE 200110111747 

                          EXPIRATION DATE: 12-31-2002

     LICENSED TO: Vanderplaats R&D FOR INTERNAL TESTING                       

1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    1
 TOP OF TRUCK CABIN SUPERELEMENT                                            
                                                                         

 PROJECT NAME: D049          

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    208
                   NUMBER OF SPOINTS:                          6
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        176
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       176
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            1248
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                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  NUMBER OF INTERNAL FREQUENCY LOAD CASES:       1
                  TOTAL NUMBER OF LOAD CASES:                    2

1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    2
 TOP OF TRUCK CABIN SUPERELEMENT                                           
                                                                         

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1   -1.000000E+01   -5.032921E-01         0        30       2       0.27
      2    3.623550E+05    9.580480E+01        30         0      10       0.03

     WARNING MESSAGE FROM SUBROUTINE "GN30RQ"
     WARNING CODE =  300537
     LOADCASE       3 CALCULATED MORE CRAIG-BAMPTON MODES
     THAN THE NUMBER OF DEGREES OF FREEDOM IN THE REFERENCED QSET.
     THE EXTRA MODES HAVE BEEN IGNORED.
     NUMBER OF MODES =      30
     SIZE OF QSET    =       6

1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    3
 TOP OF TRUCK CABIN SUPERELEMENT                                            
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    4
 TOP OF TRUCK CABIN SUPERELEMENT                                            
                                                                         
 ASET-EIGEN                                                   LOADCASE         3

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  3.960453E-04 -6.192264E-06  2.488426E-03  1.000000E+00 -6.192264E-06
        2  2.092140E-04 -1.727990E-06  1.314530E-03  1.000000E+00 -1.727990E-06
        3  1.033635E-04 -4.217876E-07  6.494518E-04  1.000000E+00 -4.217876E-07
        4  1.696357E-04  1.136041E-06  1.065852E-03  1.000000E+00  1.136041E-06
        5  2.877906E-04  3.269737E-06  1.808241E-03  1.000000E+00  3.269737E-06
        6  4.848267E-04  9.279675E-06  3.046256E-03  1.000000E+00  9.279675E-06
        7  1.981802E+00  1.550531E+02  1.245203E+01  1.000000E+00  1.550531E+02
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        8  2.568521E+00  2.604510E+02  1.613849E+01  1.000000E+00  2.604510E+02
        9  4.341458E+00  7.440992E+02  2.727818E+01  1.000000E+00  7.440992E+02
       10  6.613763E+00  1.726860E+03  4.155550E+01  1.000000E+00  1.726860E+03
       11  6.819602E+00  1.836021E+03  4.284882E+01  1.000000E+00  1.836021E+03
       12  8.173795E+00  2.637589E+03  5.135747E+01  1.000000E+00  2.637589E+03
1GENESIS   VERSION  7.0                   DATE 00-00-0000  TIME  0:00  PAGE    5
 TOP OF TRUCK CABIN SUPERELEMENT                                           
                                                                         
 MODES FOR CBMETHOD OF LOADCASE 3                             LOADCASE         4

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.280174E+01  6.469901E+03  8.043569E+01  1.000000E+00  6.469901E+03
        2  1.961716E+01  1.519259E+04  1.232582E+02  1.000000E+00  1.519259E+04
        3  2.015797E+01  1.604181E+04  1.266563E+02  1.000000E+00  1.604181E+04
        4  2.152231E+01  1.828679E+04  1.352287E+02  1.000000E+00  1.828679E+04
        5  2.193932E+01  1.900229E+04  1.378488E+02  1.000000E+00  1.900229E+04
        6  2.829267E+01  3.160150E+04  1.777681E+02  1.000000E+00  3.160150E+04
        7  2.973397E+01  3.490322E+04  1.868240E+02  1.000000E+00  3.490322E+04
        8  3.457977E+01  4.720674E+04  2.172711E+02  1.000000E+00  4.720674E+04
        9  3.849929E+01  5.851474E+04  2.418982E+02  1.000000E+00  5.851474E+04
       10  4.401298E+01  7.647531E+04  2.765417E+02  1.000000E+00  7.647531E+04
       11  4.547838E+01  8.165256E+04  2.857491E+02  1.000000E+00  8.165256E+04
       12  4.681605E+01  8.652653E+04  2.941539E+02  1.000000E+00  8.652653E+04
       13  4.950640E+01  9.675700E+04  3.110579E+02  1.000000E+00  9.675700E+04
       14  5.222892E+01  1.076916E+05  3.281640E+02  1.000000E+00  1.076916E+05
       15  5.264203E+01  1.094019E+05  3.307596E+02  1.000000E+00  1.094019E+05
       16  5.513692E+01  1.200175E+05  3.464355E+02  1.000000E+00  1.200175E+05
       17  5.831210E+01  1.342385E+05  3.663858E+02  1.000000E+00  1.342385E+05
       18  5.994679E+01  1.418703E+05  3.766568E+02  1.000000E+00  1.418703E+05
       19  6.605057E+01  1.722316E+05  4.150080E+02  1.000000E+00  1.722316E+05
       20  6.945787E+01  1.904595E+05  4.364167E+02  1.000000E+00  1.904595E+05
       21  7.765272E+01  2.380527E+05  4.879065E+02  1.000000E+00  2.380527E+05
       22  7.776282E+01  2.387282E+05  4.885982E+02  1.000000E+00  2.387282E+05
       23  7.921859E+01  2.477502E+05  4.977451E+02  1.000000E+00  2.477502E+05
       24  7.998697E+01  2.525796E+05  5.025729E+02  1.000000E+00  2.525796E+05
       25  8.195346E+01  2.651516E+05  5.149288E+02  1.000000E+00  2.651516E+05
       26  8.276731E+01  2.704441E+05  5.200424E+02  1.000000E+00  2.704441E+05
       27  8.659141E+01  2.960120E+05  5.440699E+02  1.000000E+00  2.960120E+05
       28  8.805006E+01  3.060688E+05  5.532348E+02  1.000000E+00  3.060688E+05
       29  9.253031E+01  3.380086E+05  5.813851E+02  1.000000E+00  3.380086E+05
       30  9.491646E+01  3.556664E+05  5.963777E+02  1.000000E+00  3.556664E+05
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.50 Truck Cabin - Design Using Imported Superelement

Example ID:
D050         

Design Data Used:
GRID, SPOINT, PSHELL, MAT1, CQUAD4, EIGR, METHOD, DVAR, DOMAIN, DVGIDC, 
DVPROP3, DRESP, DOBJ, DCONS

Special Feature Used:
The top of the cabin is a simulated superelement whose matrices [K] and [M] were computed in 
D049 using Craig-Bampton modes in a Guyan reduction loadcase.

Problem Statement:
Maximize the first frequency of vibration of the cabin with a mass constraint of 9 kg for the bot-
tom part. The design variables are the thicknesses of the bottom parts as in problem D048. 

Design Problem:
1. Finite element model of the bottom of a truck cabin.
2. Shell 1mm thick
3. Material E=200GPa, ρ=7590kg/m3.
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Analysis Data Relationships:

Results:
After 11 design cycles, the final design thicknesses are 1.7134, 1.1943, 1.1942. the first frequency 
of vibration moves from 6.52 Hz to 9.31 Hz. The final mass is 8.973 kg.

Complete Model Results:
Problem D048, that did not use the simulated superelement,  with same requirements gives almost 
identical answers: The final thicknesses in that case were: 1.7139, 1.193, 1.193 and the frequency 
increased  from 6.50 Hz to 9.29 Hz.The final mass was 8.973 kg.

Comparisons between Model with Superelement and Full Model:
The relative difference on the final design values is less than 0.1%
The optimization for the full model took 23.91 sec. The time for writing superelement's matrices 
was 2.31 sec and the optimization for the cabin's bottom took 8.63 sec. So using a superelement 
allows to reduce the computation time by more than 50% in this case.

DVAR  DVPROP1 
DRESP1  DOBJ 
DRESP1  DCONS 
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2.50.1 Input Data
ID D050
K2UU = D0490003.KAA
M2UU = D0490003.MAA
CEND
TITLE=BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES
ECHO = NONE
LINE = *,80
LOADCASE        1
   method=1                                
BEGIN BULK
$  --- DESIGN DATA ---
DOPT    30
$
DVAR           1THCK1   1.000000.50000002.000000
DVAR           2THCK2   1.000000.50000002.000000
DVAR           3THCK3   1.000000.50000002.000000
$
DVPROP3        1       3   SOLID       1
+              1
DVPROP3        2      12   SOLID       1
+              2
DVPROP3        3      10   SOLID       1
+              3
$
DRESP1  300     freq    FREQ    7
DRESP1  100     Mass    MASS    MAT                     1
$
DOBJ    300     FREQ            MAX
DCONS   100                     .9E-2
$
$  --- ANALYSIS DATA ---
EIGR    1       LAN                             18
PSHELL         3       11.000000       1               1                P1
PSHELL         7       11.000000       1               1                P3
PSHELL        10       11.000000       1               1                P5
PSHELL        12       11.000000       1               1                P4
CQUAD4         1       3       1      12      13       2
CQUAD4         2       3       2      13      14       3
CQUAD4         3       3       3      14      15       4
CQUAD4         4       3       4      15      16       5
CQUAD4         5       3       5      16      17       6
CQUAD4         6       3       6      17      18       7
CQUAD4         7       3       7      18      19       8
CQUAD4         8       3       8      19      20       9
CQUAD4         9       3       9      20      21      10
CQUAD4        10       3      10      21      22      11
CQUAD4        11      12      12      23      24      13
CQUAD4        12      12      13      24      25      14
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CQUAD4        13      12      14      25      26      15
CQUAD4        14      12      15      26      27      16
CQUAD4        15      12      16      27      28      17
CQUAD4        16      12      17      28      29      18
CQUAD4        17      12      18      29      30      19
CQUAD4        18      12      19      30      31      20
CQUAD4        19      12      20      31      32      21
CQUAD4        20      12      21      32      33      22
CQUAD4        21       3      23      34      35      24
CQUAD4        22       3      24      35      36      25
CQUAD4        23       3      25      36      37      26
CQUAD4        24       3      26      37      38      27
CQUAD4        25       3      27      38      39      28
CQUAD4        26       3      28      39      40      29
CQUAD4        27       3      29      40      41      30
CQUAD4        28       3      30      41      42      31
CQUAD4        29       3      31      42      43      32
CQUAD4        30       3      32      43      44      33
CQUAD4        31       3      34      45      46      35
CQUAD4        32       3      35      46      47      36
CQUAD4        33       3      36      47      48      37
CQUAD4        34       3      37      48      49      38
CQUAD4        35       3      38      49      50      39
CQUAD4        36       3      39      50      51      40
CQUAD4        37       3      40      51      52      41
CQUAD4        38       3      41      52      53      42
CQUAD4        39       3      42      53      54      43
CQUAD4        40       3      43      54      55      44
CQUAD4        41       3      45      56      57      46
CQUAD4        42       3      46      57      58      47
CQUAD4        43       3      47      58      59      48
CQUAD4        44       3      48      59      60      49
CQUAD4        45       3      49      60      61      50
CQUAD4        46       3      50      61      62      51
CQUAD4        47       3      51      62      63      52
CQUAD4        48       3      52      63      64      53
CQUAD4        49       3      53      64      65      54
CQUAD4        50       3      54      65      66      55
CQUAD4        51      10      56      67      68      57
CQUAD4        52      10      57      68      69      58
CQUAD4        53      10      58      69      70      59
CQUAD4        54      10      59      70      71      60
CQUAD4        55      10      60      71      72      61
CQUAD4        56      10      61      72      73      62
CQUAD4        57      10      62      73      74      63
CQUAD4        58      10      63      74      75      64
CQUAD4        59      10      64      75      76      65
CQUAD4        60      10      65      76      77      66
CQUAD4        61       3      67      78      79      68
CQUAD4        62       3      68      79      80      69
CQUAD4        63       3      69      80      81      70
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CQUAD4        64       3      70      81      82      71
CQUAD4        65       3      71      82      83      72
CQUAD4        66       3      72      83      84      73
CQUAD4        67       3      73      84      85      74
CQUAD4        68       3      74      85      86      75
CQUAD4        69       3      75      86      87      76
CQUAD4        70       3      76      87      88      77
CQUAD4       247       7     358     360     361     359
CQUAD4       248       7     360     362     363     361
CQUAD4       249       7     362     364     365     363
CQUAD4       250       7     364     366     367     365
CQUAD4       251       7     366     368     369     367
CQUAD4       252       7     368     370     371     369
CQUAD4       253       7     370     372     373     371
CQUAD4       254       7     372     374     375     373
CQUAD4       255       7     374     376     377     375
CQUAD4       256       7      45      46     374     376
CQUAD4       257       7      46      47     372     374
CQUAD4       258       7      47      48     370     372
CQUAD4       259       7      48      49     368     370
CQUAD4       260       7      49      50     366     368
CQUAD4       261       7      50      51     364     366
CQUAD4       262       7      51      52     362     364
CQUAD4       263       7      52      53     360     362
CQUAD4       264       7      53      54     358     360
CQUAD4       265       7      34      35     375     377
CQUAD4       266       7      35      36     373     375
CQUAD4       267       7      36      37     371     373
CQUAD4       268       7      37      38     369     371
CQUAD4       269       7      38      39     367     369
CQUAD4       270       7      39      40     365     367
CQUAD4       271       7      40      41     363     365
CQUAD4       272       7      41      42     361     363
CQUAD4       273       7      42      43     359     361
CTRIA3       274       7     358      54      55
CTRIA3       275       7     359      44      43
CQUAD4       276       7     359     358      55      44
MAT1           1.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1      
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           3           0.000-300.000   0.000
GRID           4           0.000-200.000   0.000
GRID           5           0.000-100.000   0.000
GRID           6           0.000   0.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          13          88.286-400.000   0.000
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GRID          14          88.286-300.000   0.000
GRID          15          88.286-200.000   0.000
GRID          16          88.286-100.000   0.000
GRID          17          88.286   0.000   0.000
GRID          18          88.286 100.000   0.000
GRID          19          88.286 200.000   0.000
GRID          20          88.286 300.000   0.000
GRID          21          88.286 400.000   0.000
GRID          22          88.286 500.000   0.000
GRID          23         176.571-500.000   0.000
GRID          24         176.571-400.000   0.000
GRID          25         176.571-300.000   0.000
GRID          26         176.571-200.000   0.000
GRID          27         176.571-100.000   0.000
GRID          28         176.571   0.000   0.000
GRID          29         176.571 100.000   0.000
GRID          30         176.571 200.000   0.000
GRID          31         176.571 300.000   0.000
GRID          32         176.571 400.000   0.000
GRID          33         176.571 500.000   0.000
GRID          34         264.857-500.000   0.000
GRID          35         264.857-400.000   0.000
GRID          36         264.857-300.000   0.000
GRID          37         264.857-200.000   0.000
GRID          38         264.857-100.000   0.000
GRID          39         264.857   0.000   0.000
GRID          40         264.857 100.000   0.000
GRID          41         264.857 200.000   0.000
GRID          42         264.857 300.000   0.000
GRID          43         264.857 400.000   0.000
GRID          44         264.857 500.000   0.000
GRID          45         353.143-500.000   0.000
GRID          46         353.143-400.000   0.000
GRID          47         353.143-300.000   0.000
GRID          48         353.143-200.000   0.000
GRID          49         353.143-100.000   0.000
GRID          50         353.143   0.000   0.000
GRID          51         353.143 100.000   0.000
GRID          52         353.143 200.000   0.000
GRID          53         353.143 300.000   0.000
GRID          54         353.143 400.000   0.000
GRID          55         353.143 500.000   0.000
GRID          56         441.429-500.000   0.000
GRID          57         441.429-400.000   0.000
GRID          58         441.429-300.000   0.000
GRID          59         441.429-200.000   0.000
GRID          60         441.429-100.000   0.000
GRID          61         441.429   0.000   0.000
GRID          62         441.429 100.000   0.000
GRID          63         441.429 200.000   0.000
GRID          64         441.429 300.000   0.000
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GRID          65         441.429 400.000   0.000
GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          68         529.714-400.000   0.000
GRID          69         529.714-300.000   0.000
GRID          70         529.714-200.000   0.000
GRID          71         529.714-100.000   0.000
GRID          72         529.714   0.000   0.000
GRID          73         529.714 100.000   0.000
GRID          74         529.714 200.000   0.000
GRID          75         529.714 300.000   0.000
GRID          76         529.714 400.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          80         618.000-300.000   0.000
GRID          81         618.000-200.000   0.000
GRID          82         618.000-100.000   0.000
GRID          83         618.000   0.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID         358         343.143 400.000  75.000
GRID         359         274.857 400.000  75.000
GRID         360         343.143 300.000  75.000
GRID         361         274.857 300.000  75.000
GRID         362         343.143 200.000  75.000
GRID         363         274.857 200.000  75.000
GRID         364         343.143 100.000  75.000
GRID         365         274.857 100.000  75.000
GRID         366         343.143   0.000  75.000
GRID         367         274.857   0.000  75.000
GRID         368         343.143-100.000  75.000
GRID         369         274.857-100.000  75.000
GRID         370         343.143-200.000  75.000
GRID         371         274.857-200.000  75.000
GRID         372         343.143-300.000  75.000
GRID         373         274.857-300.000  75.000
GRID         374         343.143-400.000  75.000
GRID         375         274.857-400.000  75.000
GRID         376         343.143-500.000  75.000
GRID         377         274.857-500.000  75.000
SPOINT  500     501     502     503     504     505
ENDDATA
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2.50.2 Output Data

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2001           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.0

                          BUILD CODE 200110111747 

                          EXPIRATION DATE: 12-31-2002

     LICENSED TO: Vanderplaats R&D FOR INTERNAL TESTING                       

1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    1
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

 PROJECT NAME: D050          

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    108
                   NUMBER OF SPOINTS:                          6
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         98
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   NUMBER OF K2UU ELEMENTS:                    1
                   NUMBER OF M2UU ELEMENTS:                    1
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       102
                   NUMBER OF ELEMENT PROPERTIES:               4
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             654
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                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MAXIMIZE     FREQ    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                  TOTAL NUMBER OF DESIGN VARIABLES:             3
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    2
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    3
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         
                                                              LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  2.841640E-04 -3.187850E-06  1.785455E-03  1.000000E+00 -3.187850E-06
        2  1.852379E-04 -1.354626E-06  1.163884E-03  1.000000E+00 -1.354626E-06
        3  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        4  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        5  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        6  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        7  6.517408E+00  1.676909E+03  4.095008E+01  1.000000E+00  1.676909E+03
        8  8.324940E+00  2.736037E+03  5.230714E+01  1.000000E+00  2.736037E+03
        9  1.174535E+01  5.446177E+03  7.379822E+01  1.000000E+00  5.446177E+03
       10  1.299283E+01  6.664496E+03  8.163637E+01  1.000000E+00  6.664496E+03
       11  1.728428E+01  1.179403E+04  1.086003E+02  1.000000E+00  1.179403E+04
       12  1.913790E+01  1.445934E+04  1.202470E+02  1.000000E+00  1.445934E+04
       13  2.066147E+01  1.685319E+04  1.298198E+02  1.000000E+00  1.685319E+04
       14  2.120329E+01  1.774869E+04  1.332242E+02  1.000000E+00  1.774869E+04
       15  2.199484E+01  1.909860E+04  1.381977E+02  1.000000E+00  1.909860E+04
       16  2.751665E+01  2.989172E+04  1.728922E+02  1.000000E+00  2.989172E+04
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       17  2.755075E+01  2.996584E+04  1.731064E+02  1.000000E+00  2.996584E+04
       18  3.057899E+01  3.691526E+04  1.921334E+02  1.000000E+00  3.691526E+04
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    4
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.517408E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.000000E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.000000E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.000000E+00    2.000000E+00
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    5
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    MASS             0  SYS             6.322502E-03  UB   9.000000E-03   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    6
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    7
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         
                                                              LOADCASE         1
GENESIS November 2009 Design Examples Manual 693



                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  3.248411E-04 -4.165832E-06  2.041037E-03  1.000000E+00 -4.165832E-06
        2  1.945489E-04 -1.494229E-06  1.222387E-03  1.000000E+00 -1.494229E-06
        3  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        4  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        5  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        6  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        7  7.841453E+00  2.427464E+03  4.926930E+01  1.000000E+00  2.427464E+03
        8  9.988542E+00  3.938800E+03  6.275986E+01  1.000000E+00  3.938800E+03
        9  1.317106E+01  6.848592E+03  8.275622E+01  1.000000E+00  6.848592E+03
       10  1.585416E+01  9.923071E+03  9.961461E+01  1.000000E+00  9.923071E+03
       11  1.960231E+01  1.516960E+04  1.231649E+02  1.000000E+00  1.516960E+04
       12  2.036139E+01  1.636720E+04  1.279344E+02  1.000000E+00  1.636720E+04
       13  2.142574E+01  1.812305E+04  1.346219E+02  1.000000E+00  1.812305E+04
       14  2.176565E+01  1.870264E+04  1.367576E+02  1.000000E+00  1.870264E+04
       15  2.258303E+01  2.013373E+04  1.418934E+02  1.000000E+00  2.013373E+04
       16  3.029710E+01  3.623779E+04  1.903623E+02  1.000000E+00  3.623779E+04
       17  3.559193E+01  5.001070E+04  2.236307E+02  1.000000E+00  5.001070E+04
       18  3.623111E+01  5.182305E+04  2.276468E+02  1.000000E+00  5.182305E+04
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    8
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.841453E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.299290E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.299232E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.299290E+00    2.000000E+00
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE    9
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

  CONSTRAINT
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                         MASS,VOLUME         
   ------------------------------------------------------------------------              
PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    MASS             0  SYS             7.726317E-03  UB   9.000000E-03   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   10
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

 

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   47
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         
                                                              LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  3.528816E-04 -4.916065E-06  2.217220E-03  1.000000E+00 -4.916065E-06
        2  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        3  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        4  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        5  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        6  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
        7  9.314069E+00  3.424827E+03  5.852202E+01  1.000000E+00  3.424827E+03
        8  1.136515E+01  5.099291E+03  7.140932E+01  1.000000E+00  5.099291E+03
        9  1.356149E+01  7.260635E+03  8.520936E+01  1.000000E+00  7.260635E+03
       10  1.768695E+01  1.234996E+04  1.111304E+02  1.000000E+00  1.234996E+04
       11  2.018518E+01  1.608515E+04  1.268272E+02  1.000000E+00  1.608515E+04
       12  2.161371E+01  1.844243E+04  1.358029E+02  1.000000E+00  1.844243E+04
       13  2.204518E+01  1.918611E+04  1.385139E+02  1.000000E+00  1.918611E+04
       14  2.264181E+01  2.023867E+04  1.422627E+02  1.000000E+00  2.023867E+04
       15  2.415081E+01  2.302625E+04  1.517440E+02  1.000000E+00  2.302625E+04
       16  3.106913E+01  3.810815E+04  1.952131E+02  1.000000E+00  3.810815E+04
       17  4.421540E+01  7.718036E+04  2.778135E+02  1.000000E+00  7.718036E+04
       18  4.464124E+01  7.867418E+04  2.804892E+02  1.000000E+00  7.867418E+04
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   48
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               ********************************************
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               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.314069E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     THCK1       5.000000E-01    1.713384E+00    2.000000E+00
          2     THCK2       5.000000E-01    1.194287E+00    2.000000E+00
          3     THCK3       5.000000E-01    1.194230E+00    2.000000E+00
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   49
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   ------------------------------------------------------------------------
    MASS             0  SYS             8.973000E-03  UB   9.000000E-03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   50
 BOTTOM OF TRUCK CABIN - USE OF SUPERELEMENT WITH CRAIG-BAMPTON MODES    
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.0                   DATE 10-12-2001  TIME 10:40  PAGE   51
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 D E S I G N   C Y C L E   H I S T O R Y
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 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     6.5174E+00         0.0%
    1     7.8415E+00         0.0%
    2     8.8734E+00         0.0%
    3     9.2275E+00         0.0%
    4     9.2411E+00         0.0%
    5     9.2541E+00         0.0%
    6     9.2664E+00         0.0%
    7     9.2779E+00         0.0%
    8     9.2884E+00         0.0%
    9     9.2980E+00         0.0%
   10     9.3066E+00         0.0%
   11     9.3141E+00         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        
 CYCLE     VARIABLE      VARIABLE      VARIABLE      
                1             2             3      
            THCK1         THCK2         THCK3      
 
    0     1.0000E+00    1.0000E+00    1.0000E+00   
    1     1.2993E+00    1.2992E+00    1.2993E+00   
    2     1.5012E+00    1.5011E+00    1.5012E+00   
    3     1.5834E+00    1.5192E+00    1.5192E+00   
    4     1.6023E+00    1.4720E+00    1.4720E+00   
    5     1.6206E+00    1.4263E+00    1.4263E+00   
    6     1.6382E+00    1.3823E+00    1.3822E+00   
    7     1.6550E+00    1.3401E+00    1.3401E+00   
    8     1.6711E+00    1.3001E+00    1.3001E+00   
    9     1.6861E+00    1.2624E+00    1.2623E+00   
   10     1.7003E+00    1.2271E+00    1.2270E+00   
   11     1.7134E+00    1.1943E+00    1.1942E+00   
1                            ***** END OF OUTPUT *****
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2.51 Truck Cabin - Superelement REDUCE Mode

Example ID:
D051         

Design Data Used:
GRID, SPOINT, PSHELL, MAT1, CQUAD4, ASET, REDUCE, BOUNDARY

Special Feature Used:
Superelement reduction mode.

Problem Statement:
Use superelement reduction to reduce the stiffness, mass and loading to the boundary degrees of 
freedom for later use in problem D052. 

BOUNDARY points to the ASET2/3 entries that contains GRID/COMPONENT data for all 
superelement boundary degrees of freedom

ALOAD is used above the first loadcase to print the reduced loads for all loadcases

Because all loadcases use the same boundary condition (in this case, no SPC/MPC apart from the 
boundary), the reduced stiffness and reduced mass matrices will be the same for all loadcases.
The KAA/MAA commands are placed inside the first loadcase instead of above the first loadcase 
so that only one copy the the matrices will be printed.
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In the full system model, LOADCASES 1 and 2 use inertia relief.  For the superelement reduc-
tion, do NOT use a SUPORT entry.  Instead, the mass must be reduced and included in the resid-
ual residual model to account for the inertia relief of the superelement. (With ordinary 
static/thermal/gravity loads the reduced mass is not needed, because the reduced load contains all 
load information from the superelement.)

Note that LOADCASES 1 and 2 do not have any load activators, because all of the direct loading 
is applied to the residual structure. Here LOADCASES 1 and 2 are just placeholders, so that the 
reduced load vectors for the remaining loadcases will be in the proper columns in the DMIG file.

Design Problem:
1. Finite element model of the top of a truck cabin.
2. Shell 1mm thick
3. Material E=200GPa, ρ=7590kg/m3.

Analysis Data Relationships:

Results:
The stiffness, mass and load matrices have been written in the files D05100.DMIG and are ready to 
be used.

CQUAD4  PSHELL  MAT1 
ASET  GRID 
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2.51.1 Input Data
$--------------------------------------------------------------------------
$ The REDUCE keyword tells the program to perform superelement reduction
$
REDUCE
$--------------------------------------------------------------------------
$
SOL COMPAT0
CEND
TITLE=DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM
SUBTITLE=PART 1 - REDUCTION OF SUPERELEMENT TO BOUNDARY
ECHO = NONE
LINE = *,80
$--------------------------------------------------------------------------
$
$ BOUNDARY points to the ASET2/3 entries that contains GRID/COMPONENT
$ data for all superelement boundary degrees of freedom
$
$
$ ALOAD is used above the first loadcase to print the reduced loads for 
$ all loadcases
$
$
$ Because all loadcases use the same boundary condition (in this
$ case, no SPC/MPC apart from the boundary), the reduced stiffness and
$ reduced mass matrices will be the same for all loadcases.
$
$ The KAA/MAA commands are placed inside the first loadcase instead of
$ above the first loadcase so that only one copy the the matrices will
$ be printed.
$
$ In the full system model, LOADCASES 1 and 2 use inertia relief.  For the
$ superelement reduction, do NOT use a SUPORT entry.  Instead, the mass
$ must be reduced and included in the residual residual model to account for
$ the inertia relief of the superelement.
$ (With ordinary static/thermal/gravity loads the reduced mass is not needed,
$ because the reduced load contains all load information from the
$ superelement.)
$ Note that LOADCASES 1 and 2 do not have any load activators, because
$ all of the direct loading is applied to the residual structure.
$ Here LOADCASES 1 and 2 are just placeholders, so that the reduced
$ load vectors for the remaining loadcases will be in the proper columns
$ in the DMIG file.
$--------------------------------------------------------------------------
$
BOUNDARY = 1
ALOAD=DMIG
$
LOADCASE        1
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   LABEL=Z-DIRECTION ACCELERATION                                    
   KAA = DMIG
   MAA = DMIG
LOADCASE        2
   LABEL=X-DIRECTION ACCELERATION                                    
LOADCASE        3
   LABEL=FRONT LOAD                                                  
   LOAD   =       3
LOADCASE        4
   LABEL=TOP LOAD                                                    
   LOAD   =       4
LOADCASE        5
   LABEL=GRAVITY LOAD                                                
   LOAD   =      50
BEGIN BULK
$--------------------------------------------------------------------------
PSHELL         5       11.000000       1               1                P2
CQUAD4        71       5       1      12      92      91
CQUAD4        72       5      91      92      94      93
CQUAD4        73       5      93      94      96      95
CQUAD4        74       5      95      96      98      97
CQUAD4        75       5      67      78     102     101
CQUAD4        76       5     101     102     104     103
CQUAD4        77       5     103     104     106     105
CQUAD4        78       5     105     106     108     107
CQUAD4        79       5      78      79     112     102
CQUAD4        80       5     102     112     114     104
CQUAD4        81       5     104     114     116     106
CQUAD4        82       5     106     116     118     108
CQUAD4        83       5       1      91     122       2
CQUAD4        84       5      91      93     124     122
CQUAD4        85       5      93      95     126     124
CQUAD4        86       5      95      97     128     126
CQUAD4        87       5      97      98     132     128
CQUAD4        88       5      98     133     134     132
CQUAD4        89       5     133     135     136     134
CQUAD4        90       5     135     137     138     136
CQUAD4        91       5     137     139     140     138
CQUAD4        92       5     139     107     142     140
CQUAD4        93       5     107     108     118     142
CQUAD4        94       5      11     153     154      22
CQUAD4        95       5      22     154     155      33
CQUAD4        96       5      33     155     156      44
CQUAD4        97       5      44     156     157      55
CQUAD4        98       5      55     157     158      66
CQUAD4        99       5      66     158     159      77
CQUAD4       100       5      77     159     160      88
CQUAD4       101       5     153     161     162     154
CQUAD4       102       5     154     162     163     155
CQUAD4       103       5     155     163     164     156
CQUAD4       104       5     156     164     165     157
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CQUAD4       105       5     157     165     166     158
CQUAD4       106       5     158     166     167     159
CQUAD4       107       5     159     167     168     160
CQUAD4       108       5     161     169     170     162
CQUAD4       109       5     162     170     171     163
CQUAD4       110       5     163     171     172     164
CQUAD4       111       5     164     172     173     165
CQUAD4       112       5     165     173     174     166
CQUAD4       113       5     166     174     175     167
CQUAD4       114       5     167     175     176     168
CQUAD4       115       5     169     177     178     170
CQUAD4       116       5     170     178     179     171
CQUAD4       117       5     171     179     180     172
CQUAD4       118       5     172     180     181     173
CQUAD4       119       5     173     181     182     174
CQUAD4       120       5     174     182     183     175
CQUAD4       121       5     175     183     184     176
CQUAD4       122       5     177     185     186     178
CQUAD4       123       5     178     186     187     179
CQUAD4       124       5     179     187     188     180
CQUAD4       125       5     180     188     189     181
CQUAD4       126       5     181     189     190     182
CQUAD4       127       5     182     190     191     183
CQUAD4       128       5     183     191     192     184
CQUAD4       129       5     185     193     194     186
CQUAD4       130       5     186     194     195     187
CQUAD4       131       5     187     195     196     188
CQUAD4       132       5     188     196     197     189
CQUAD4       133       5     189     197     198     190
CQUAD4       134       5     190     198     199     191
CQUAD4       135       5     191     199     200     192
CQUAD4       136       5       7     206     207       8
CQUAD4       137       5       8     207     208       9
CQUAD4       138       5       9     208     209      10
CQUAD4       139       5      10     209     153      11
CQUAD4       140       5     206     211     212     207
CQUAD4       141       5     207     212     213     208
CQUAD4       142       5     208     213     214     209
CQUAD4       143       5     209     214     161     153
CQUAD4       144       5     211     216     217     212
CQUAD4       145       5     212     217     218     213
CQUAD4       146       5     213     218     219     214
CQUAD4       147       5     214     219     169     161
CQUAD4       148       5     216     221     222     217
CQUAD4       149       5     217     222     223     218
CQUAD4       150       5     218     223     224     219
CQUAD4       151       5     219     224     177     169
CQUAD4       152       5     221     226     227     222
CQUAD4       153       5     222     227     228     223
CQUAD4       154       5     223     228     229     224
CQUAD4       155       5     224     229     185     177
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CQUAD4       156       5     226     231     232     227
CQUAD4       157       5     227     232     233     228
CQUAD4       158       5     228     233     234     229
CQUAD4       159       5     229     234     193     185
CQUAD4       160       5      84      85     242     241
CQUAD4       161       5      85      86     243     242
CQUAD4       162       5      86      87     244     243
CQUAD4       163       5      87      88     160     244
CQUAD4       164       5     241     242     247     246
CQUAD4       165       5     242     243     248     247
CQUAD4       166       5     243     244     249     248
CQUAD4       167       5     244     160     168     249
CQUAD4       168       5     246     247     252     251
CQUAD4       169       5     247     248     253     252
CQUAD4       170       5     248     249     254     253
CQUAD4       171       5     249     168     176     254
CQUAD4       172       5     251     252     257     256
CQUAD4       173       5     252     253     258     257
CQUAD4       174       5     253     254     259     258
CQUAD4       175       5     254     176     184     259
CQUAD4       176       5     256     257     262     261
CQUAD4       177       5     257     258     263     262
CQUAD4       178       5     258     259     264     263
CQUAD4       179       5     259     184     192     264
CQUAD4       180       5     261     262     267     266
CQUAD4       181       5     262     263     268     267
CQUAD4       182       5     263     264     269     268
CQUAD4       183       5     264     192     200     269
CQUAD4       184       5     231     276     277     232
CQUAD4       185       5     232     277     278     233
CQUAD4       186       5     233     278     279     234
CQUAD4       187       5     234     279     194     193
CQUAD4       188       5     276     281     282     277
CQUAD4       189       5     277     282     283     278
CQUAD4       190       5     278     283     284     279
CQUAD4       191       5     279     284     195     194
CQUAD4       192       5     281     286     287     282
CQUAD4       193       5     282     287     288     283
CQUAD4       194       5     283     288     289     284
CQUAD4       195       5     284     289     196     195
CQUAD4       196       5     286     291     292     287
CQUAD4       197       5     287     292     293     288
CQUAD4       198       5     288     293     294     289
CQUAD4       199       5     289     294     197     196
CQUAD4       200       5     291     296     297     292
CQUAD4       201       5     292     297     298     293
CQUAD4       202       5     293     298     299     294
CQUAD4       203       5     294     299     198     197
CQUAD4       204       5     296     301     302     297
CQUAD4       205       5     297     302     303     298
CQUAD4       206       5     298     303     304     299
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CQUAD4       207       5     299     304     199     198
CQUAD4       208       5     301     266     267     302
CQUAD4       209       5     302     267     268     303
CQUAD4       210       5     303     268     269     304
CQUAD4       211       5     304     269     200     199
CQUAD4       212       5     118     312     318     142
CQUAD4       213       5     312     313     319     318
CQUAD4       214       5     313     314     320     319
CQUAD4       215       5     314     315     321     320
CQUAD4       216       5     315     266     301     321
CQUAD4       217       5     142     318     324     140
CQUAD4       218       5     318     319     325     324
CQUAD4       219       5     319     320     326     325
CQUAD4       220       5     320     321     327     326
CQUAD4       221       5     321     301     296     327
CQUAD4       222       5     140     324     330     138
CQUAD4       223       5     324     325     331     330
CQUAD4       224       5     325     326     332     331
CQUAD4       225       5     326     327     333     332
CQUAD4       226       5     327     296     291     333
CQUAD4       227       5     138     330     336     136
CQUAD4       228       5     330     331     337     336
CQUAD4       229       5     331     332     338     337
CQUAD4       230       5     332     333     339     338
CQUAD4       231       5     333     291     286     339
CQUAD4       232       5     136     336     342     134
CQUAD4       233       5     336     337     343     342
CQUAD4       234       5     337     338     344     343
CQUAD4       235       5     338     339     345     344
CQUAD4       236       5     339     286     281     345
CQUAD4       237       5     134     342     348     132
CQUAD4       238       5     342     343     349     348
CQUAD4       239       5     343     344     350     349
CQUAD4       240       5     344     345     351     350
CQUAD4       241       5     345     281     276     351
CQUAD4       242       5     132     348     354     128
CQUAD4       243       5     348     349     355     354
CQUAD4       244       5     349     350     356     355
CQUAD4       245       5     350     351     357     356
CQUAD4       246       5     351     276     231     357
MAT1           1.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1      
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          22          88.286 500.000   0.000
GRID          33         176.571 500.000   0.000
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GRID          44         264.857 500.000   0.000
GRID          55         353.143 500.000   0.000
GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID          91           0.000-500.000  75.000
GRID          92          88.286-500.000  75.000
GRID          93           0.000-500.000 150.000
GRID          94          88.286-500.000 150.000
GRID          95           0.000-500.000 225.000
GRID          96          88.286-500.000 225.000
GRID          97           0.000-500.000 300.000
GRID          98          88.286-500.000 300.000
GRID         101         529.714-500.000  75.000
GRID         102         618.000-500.000  75.000
GRID         103         529.714-500.000 150.000
GRID         104         618.000-500.000 150.000
GRID         105         529.714-500.000 225.000
GRID         106         618.000-500.000 225.000
GRID         107         529.714-500.000 300.000
GRID         108         618.000-500.000 300.000
GRID         112         618.000-400.000  82.500
GRID         114         618.000-400.000 165.000
GRID         116         618.000-400.000 247.500
GRID         118         618.000-400.000 330.000
GRID         122           0.000-400.000  82.500
GRID         124           0.000-400.000 165.000
GRID         126           0.000-400.000 247.500
GRID         128           0.000-400.000 330.000
GRID         132          88.286-400.000 330.000
GRID         133         176.571-500.000 300.000
GRID         134         176.571-400.000 330.000
GRID         135         264.857-500.000 300.000
GRID         136         264.857-400.000 330.000
GRID         137         353.143-500.000 300.000
GRID         138         353.143-400.000 330.000
GRID         139         441.429-500.000 300.000
GRID         140         441.429-400.000 330.000
GRID         142         529.714-400.000 330.000
GRID         153           0.000 500.000  91.667
GRID         154          88.286 500.000  91.667
GRID         155         176.571 500.000  91.667
GRID         156         264.857 500.000  91.667
GRID         157         353.143 500.000  91.667
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GRID         158         441.429 500.000  91.667
GRID         159         529.714 500.000  91.667
GRID         160         618.000 500.000  91.667
GRID         161           0.000 500.000 183.333
GRID         162          88.286 500.000 183.333
GRID         163         176.571 500.000 183.333
GRID         164         264.857 500.000 183.333
GRID         165         353.143 500.000 183.333
GRID         166         441.429 500.000 183.333
GRID         167         529.714 500.000 183.333
GRID         168         618.000 500.000 183.333
GRID         169           0.000 500.000 275.000
GRID         170          88.286 500.000 275.000
GRID         171         176.571 500.000 275.000
GRID         172         264.857 500.000 275.000
GRID         173         353.143 500.000 275.000
GRID         174         441.429 500.000 275.000
GRID         175         529.714 500.000 275.000
GRID         176         618.000 500.000 275.000
GRID         177           0.000 500.000 366.667
GRID         178          88.286 500.000 366.667
GRID         179         176.571 500.000 366.667
GRID         180         264.857 500.000 366.667
GRID         181         353.143 500.000 366.667
GRID         182         441.429 500.000 366.667
GRID         183         529.714 500.000 366.667
GRID         184         618.000 500.000 366.667
GRID         185           0.000 500.000 458.333
GRID         186          88.286 500.000 458.333
GRID         187         176.571 500.000 458.333
GRID         188         264.857 500.000 458.333
GRID         189         353.143 500.000 458.333
GRID         190         441.429 500.000 458.333
GRID         191         529.714 500.000 458.333
GRID         192         618.000 500.000 458.333
GRID         193           0.000 500.000 550.000
GRID         194          88.286 500.000 550.000
GRID         195         176.571 500.000 550.000
GRID         196         264.857 500.000 550.000
GRID         197         353.143 500.000 550.000
GRID         198         441.429 500.000 550.000
GRID         199         529.714 500.000 550.000
GRID         200         618.000 500.000 550.000
GRID         206           0.000 100.000  83.333
GRID         207           0.000 200.000  85.417
GRID         208           0.000 300.000  87.500
GRID         209           0.000 400.000  89.583
GRID         211           0.000 100.000 166.667
GRID         212           0.000 200.000 170.833
GRID         213           0.000 300.000 175.000
GRID         214           0.000 400.000 179.167
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GRID         216           0.000 100.000 250.000
GRID         217           0.000 200.000 256.250
GRID         218           0.000 300.000 262.500
GRID         219           0.000 400.000 268.750
GRID         221           0.000 100.000 333.333
GRID         222           0.000 200.000 341.667
GRID         223           0.000 300.000 350.000
GRID         224           0.000 400.000 358.333
GRID         226           0.000 100.000 416.667
GRID         227           0.000 200.000 427.083
GRID         228           0.000 300.000 437.500
GRID         229           0.000 400.000 447.917
GRID         231           0.000 100.000 500.000
GRID         232           0.000 200.000 512.500
GRID         233           0.000 300.000 525.000
GRID         234           0.000 400.000 537.500
GRID         241         618.000 100.000  83.333
GRID         242         618.000 200.000  85.417
GRID         243         618.000 300.000  87.500
GRID         244         618.000 400.000  89.583
GRID         246         618.000 100.000 166.667
GRID         247         618.000 200.000 170.833
GRID         248         618.000 300.000 175.000
GRID         249         618.000 400.000 179.167
GRID         251         618.000 100.000 250.000
GRID         252         618.000 200.000 256.250
GRID         253         618.000 300.000 262.500
GRID         254         618.000 400.000 268.750
GRID         256         618.000 100.000 333.333
GRID         257         618.000 200.000 341.667
GRID         258         618.000 300.000 350.000
GRID         259         618.000 400.000 358.333
GRID         261         618.000 100.000 416.667
GRID         262         618.000 200.000 427.083
GRID         263         618.000 300.000 437.500
GRID         264         618.000 400.000 447.917
GRID         266         618.000 100.000 500.000
GRID         267         618.000 200.000 512.500
GRID         268         618.000 300.000 525.000
GRID         269         618.000 400.000 537.500
GRID         276          88.286 100.000 500.000
GRID         277          88.286 200.000 512.500
GRID         278          88.286 300.000 525.000
GRID         279          88.286 400.000 537.500
GRID         281         176.571 100.000 500.000
GRID         282         176.571 200.000 512.500
GRID         283         176.571 300.000 525.000
GRID         284         176.571 400.000 537.500
GRID         286         264.857 100.000 500.000
GRID         287         264.857 200.000 512.500
GRID         288         264.857 300.000 525.000
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GRID         289         264.857 400.000 537.500
GRID         291         353.143 100.000 500.000
GRID         292         353.143 200.000 512.500
GRID         293         353.143 300.000 525.000
GRID         294         353.143 400.000 537.500
GRID         296         441.429 100.000 500.000
GRID         297         441.429 200.000 512.500
GRID         298         441.429 300.000 525.000
GRID         299         441.429 400.000 537.500
GRID         301         529.714 100.000 500.000
GRID         302         529.714 200.000 512.500
GRID         303         529.714 300.000 525.000
GRID         304         529.714 400.000 537.500
GRID         312         618.000-300.000 364.000
GRID         313         618.000-200.000 398.000
GRID         314         618.000-100.000 432.000
GRID         315         618.000   0.000 466.000
GRID         318         529.714-300.000 364.000
GRID         319         529.714-200.000 398.000
GRID         320         529.714-100.000 432.000
GRID         321         529.714   0.000 466.000
GRID         324         441.429-300.000 364.000
GRID         325         441.429-200.000 398.000
GRID         326         441.429-100.000 432.000
GRID         327         441.429   0.000 466.000
GRID         330         353.143-300.000 364.000
GRID         331         353.143-200.000 398.000
GRID         332         353.143-100.000 432.000
GRID         333         353.143   0.000 466.000
GRID         336         264.857-300.000 364.000
GRID         337         264.857-200.000 398.000
GRID         338         264.857-100.000 432.000
GRID         339         264.857   0.000 466.000
GRID         342         176.571-300.000 364.000
GRID         343         176.571-200.000 398.000
GRID         344         176.571-100.000 432.000
GRID         345         176.571   0.000 466.000
GRID         348          88.286-300.000 364.000
GRID         349          88.286-200.000 398.000
GRID         350          88.286-100.000 432.000
GRID         351          88.286   0.000 466.000
GRID         354           0.000-300.000 364.000
GRID         355           0.000-200.000 398.000
GRID         356           0.000-100.000 432.000
GRID         357           0.000   0.000 466.000
ASET2          1       1  123456
ASET2          1       2  123456
ASET2          1       7  123456
ASET2          1       8  123456
ASET2          1       9  123456
ASET2          1      10  123456
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ASET2          1      11  123456
ASET2          1      12  123456
ASET2          1      22  123456
ASET2          1      33  123456
ASET2          1      44  123456
ASET2          1      55  123456
ASET2          1      66  123456
ASET2          1      67  123456
ASET2          1      77  123456
ASET2          1      78  123456
ASET2          1      79  123456
ASET2          1      84  123456
ASET2          1      85  123456
ASET2          1      86  123456
ASET2          1      87  123456
ASET2          1      88  123456
SPC            1       1  123456
SPC            1       2  123456
SPC            1       7  123456
SPC            1       8  123456
SPC            1       9  123456
SPC            1      10  123456
SPC            1      11  123456
SPC            1      12  123456
SPC            1      22  123456
SPC            1      33  123456
SPC            1      44  123456
SPC            1      55  123456
SPC            1      66  123456
SPC            1      67  123456
SPC            1      77  123456
SPC            1      78  123456
SPC            1      79  123456
SPC            1      84  123456
SPC            1      85  123456
SPC            1      86  123456
SPC            1      87  123456
SPC            1      88  123456
FORCE          3     107        220.0000    0.0 1.000000    0.0
FORCE          4     266        180.0000    0.0     0.0 -1.00000
$------12------23------34------45------56------67------78------89------9X--
GRAV          50          9800.0     0.0     0.0    -1.0
ENDDATA
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2.51.2 Output Data
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.2

                             BUILD CODE 200212131048     

     PROJECT NAME: D051                
     RUN STARTED:  Dec 13, 2002 12:55
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:        40000000

     LICENSED TO: Vanderplaats R&D Inc.                                       
     LICENSE EXPIRES: Dec 31, 2020

      
     WARNING MESSAGE FROM GN1245:
710 Design Examples Manual November 2009 GENESIS



     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
     SPC/SPC1               0          22

  
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    1
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 1 - REDUCTION OF SUPERELEMENT TO BOUNDARY                          

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    208
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        176
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       176
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            1248

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   5
                  TOTAL NUMBER OF LOAD CASES:                    5
 
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.52 Truck Cabin - Design Using Imported Superelement

Example ID:
D052         

Design Data Used:
GRID, SPOINT, PSHELL, MAT1, CQUAD4, DVAR, DOMAIN, DVGIDC, DVPROP3, DRESP, 
DOBJ, DCONS

Special Feature Used:
The top of the cabin is a simulated superelement whose boundary stiffness, mass and load matri-
ces were computed in D051 using superelement reduction.

Problem Statement:
Minimize the mass subject to stress constraints from 5 loadcases. The design variables are the 
thicknesses of the bottom parts as in problem D048. 

The K2GG/M2GG/P2G commands activate the superelement reduction matrices in the DMIG 
file (generated by D051.dat)

LOADCASES 3,4 do not contain any load activators because all of the loading comes from the 
superelement.

*** WARNING ***
No data recovery is performed for the superelement. That is, no stresses or displacements are cal-
culated for the portion of the model eliminated in Part 1 (D051.dat). If the superelement reduction 
technique is used in an optimization problem (like this example), only FE responses (e.g., 
stresses, displacements, etc.) for elements and grids defined in the residual model (i.e., defined in 
this file) can be used.  Satisfied stress constraints for the residual does NOT necessarily guarantee 
that the eliminated portion will have acceptable stresses.  A final analysis of the full model should 
be used to insure all stresses/displacements are acceptable.
712 Design Examples Manual November 2009 GENESIS



Design Problem:
1. Finite element model of the bottom of a truck cabin.
2. Shell 1mm thick
3. Material E=200GPa, ρ=7590kg/m3.

Analysis Data Relationships:

Results:
After 11 design cycles, the final design thicknesses are 0.8627, 0.5, 2.0. The final mass is 6.0121 
kg.

DVAR  DVPROP1 
DRESP1  DOBJ 
DRESP1  DCONS 
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2.52.1 Input Data
SOL COMPAT0
POST=PUNCH
CEND
TITLE=DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM
SUBTITLE=PART 2 - RESIDUAL MODEL
ECHO = NONE
LINE = *,80
$ NODE SET
SET    1 =      34,      35,      36,      37,      38,      39,      40,
                41,      42,      43,      44,      45,      46,      47,
                48,      49,      50,      51,      52,      53,      54,
                55,     358,     359,     360,     361,     362,     363,
               364,     365,     366,     367,     368,     369,     370,
               371,     372,     373,     374,     375,     376,     377
APRINT =FLAST
DISP   =POST,ALL
STRESS =POST,ALL
$--------------------------------------------------------------------------
$ The K2GG/M2GG/P2G commands activate the superelement reduction matrices
$ in the DMIG file (generated by D051.dat)
$
$ LOADCASES 3,4 do not contain any load activators because all of the 
$ loading comes from the superelement.
$
$ *** WARNING ***
$ No data recovery is performed for the superelement. That is, no stresses
$ or displacements are calculated for the portion of the model eliminated
$ in Part 1 (D051.dat).
$ If the superelement reduction technique is used in an optimization problem
$ (like this example), only FE responses (e.g., stresses, displacements, etc.)
$ for elements and grids defined in the residual model (i.e., defined in this
$ file) can be used.  Satisfied stress constraints for the residual does NOT
$ necessarily guarantee that the eliminated portion will have acceptable
$ stresses.  A final analysis of the full model should be used to insure all
$ stresses/displacements are acceptable.
$--------------------------------------------------------------------------
K2GG = K0000001
M2GG = M0000001
P2G = PASET
$
LOADCASE        1
   LABEL=Z-DIRECTION ACCELERATION                                    
   SUPORT =     1
   LOAD =       1
LOADCASE        2
   LABEL=X-DIRECTION ACCELERATION                                    
   SUPORT =     1
   LOAD =       2
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LOADCASE        3
   LABEL=FRONT LOAD                                                  
   SPC    =       1
LOADCASE        4
   LABEL=TOP LOAD                                                    
   SPC    =       1
LOADCASE        5
   LABEL=GRAVITY LOAD                                                
   SPC    =       1
   LOAD   =      50
BEGIN BULK
$--------------------------------------------------------------------------
INCLUDE 'D05100.DMIG'
$
$  --- DESIGN DATA ---
DOPT 
+          BASIS       0
$
DVAR           1SHAP1       0.0 -1.000001.000000
DVAR           2THCK1   1.000000.50000002.000000
DVAR           3THCK2   1.000000.50000002.000000
DVAR           4THCK3   1.000000.50000002.000000
$
DOMAIN         1
+       QUAD4         34      45     376     377
+       GSET           1
$
DVGRIDC        1     377                -1.85029    0.0 -13.8772
DVGRIDC        1     376                1.982456    0.0 -14.8684
$
DVPROP3        1       3   SOLID       1
+              2
DVPROP3        2      12   SOLID       1
+              3
DVPROP3        3      10   SOLID       1
+              4
$
DRESP1         1MASS    MASS
DRESP1         2VMBOT   STRESS  PROP           1       2       3      12      10
DCONS          2        -.10E+310.30E+02
DRESP1         3VMTOP   STRESS  PROP           1       9       3      12      10
DCONS          3        -.10E+310.30E+02
DRESP1         4VMBOT   STRESS  PROP           1       2       7
DCONS          4        -.10E+310.30E+02
DRESP1         5VMTOP   STRESS  PROP           1       9       7
DCONS          5        -.10E+310.30E+02
$
DOBJ           1MASS
$
$  --- ANALYSIS DATA ---
PARAM,GRDPNT,0
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PSHELL         3       11.000000       1               1                P1
PSHELL         7       11.000000       1               1                P3
PSHELL        10       11.000000       1               1                P5
PSHELL        12       11.000000       1               1                P4
CQUAD4         1       3       1      12      13       2
CQUAD4         2       3       2      13      14       3
CQUAD4         3       3       3      14      15       4
CQUAD4         4       3       4      15      16       5
CQUAD4         5       3       5      16      17       6
CQUAD4         6       3       6      17      18       7
CQUAD4         7       3       7      18      19       8
CQUAD4         8       3       8      19      20       9
CQUAD4         9       3       9      20      21      10
CQUAD4        10       3      10      21      22      11
CQUAD4        11      12      12      23      24      13
CQUAD4        12      12      13      24      25      14
CQUAD4        13      12      14      25      26      15
CQUAD4        14      12      15      26      27      16
CQUAD4        15      12      16      27      28      17
CQUAD4        16      12      17      28      29      18
CQUAD4        17      12      18      29      30      19
CQUAD4        18      12      19      30      31      20
CQUAD4        19      12      20      31      32      21
CQUAD4        20      12      21      32      33      22
CQUAD4        21       3      23      34      35      24
CQUAD4        22       3      24      35      36      25
CQUAD4        23       3      25      36      37      26
CQUAD4        24       3      26      37      38      27
CQUAD4        25       3      27      38      39      28
CQUAD4        26       3      28      39      40      29
CQUAD4        27       3      29      40      41      30
CQUAD4        28       3      30      41      42      31
CQUAD4        29       3      31      42      43      32
CQUAD4        30       3      32      43      44      33
CQUAD4        31       3      34      45      46      35
CQUAD4        32       3      35      46      47      36
CQUAD4        33       3      36      47      48      37
CQUAD4        34       3      37      48      49      38
CQUAD4        35       3      38      49      50      39
CQUAD4        36       3      39      50      51      40
CQUAD4        37       3      40      51      52      41
CQUAD4        38       3      41      52      53      42
CQUAD4        39       3      42      53      54      43
CQUAD4        40       3      43      54      55      44
CQUAD4        41       3      45      56      57      46
CQUAD4        42       3      46      57      58      47
CQUAD4        43       3      47      58      59      48
CQUAD4        44       3      48      59      60      49
CQUAD4        45       3      49      60      61      50
CQUAD4        46       3      50      61      62      51
CQUAD4        47       3      51      62      63      52
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CQUAD4        48       3      52      63      64      53
CQUAD4        49       3      53      64      65      54
CQUAD4        50       3      54      65      66      55
CQUAD4        51      10      56      67      68      57
CQUAD4        52      10      57      68      69      58
CQUAD4        53      10      58      69      70      59
CQUAD4        54      10      59      70      71      60
CQUAD4        55      10      60      71      72      61
CQUAD4        56      10      61      72      73      62
CQUAD4        57      10      62      73      74      63
CQUAD4        58      10      63      74      75      64
CQUAD4        59      10      64      75      76      65
CQUAD4        60      10      65      76      77      66
CQUAD4        61       3      67      78      79      68
CQUAD4        62       3      68      79      80      69
CQUAD4        63       3      69      80      81      70
CQUAD4        64       3      70      81      82      71
CQUAD4        65       3      71      82      83      72
CQUAD4        66       3      72      83      84      73
CQUAD4        67       3      73      84      85      74
CQUAD4        68       3      74      85      86      75
CQUAD4        69       3      75      86      87      76
CQUAD4        70       3      76      87      88      77
CQUAD4       247       7     358     360     361     359
CQUAD4       248       7     360     362     363     361
CQUAD4       249       7     362     364     365     363
CQUAD4       250       7     364     366     367     365
CQUAD4       251       7     366     368     369     367
CQUAD4       252       7     368     370     371     369
CQUAD4       253       7     370     372     373     371
CQUAD4       254       7     372     374     375     373
CQUAD4       255       7     374     376     377     375
CQUAD4       256       7      45      46     374     376
CQUAD4       257       7      46      47     372     374
CQUAD4       258       7      47      48     370     372
CQUAD4       259       7      48      49     368     370
CQUAD4       260       7      49      50     366     368
CQUAD4       261       7      50      51     364     366
CQUAD4       262       7      51      52     362     364
CQUAD4       263       7      52      53     360     362
CQUAD4       264       7      53      54     358     360
CQUAD4       265       7      34      35     375     377
CQUAD4       266       7      35      36     373     375
CQUAD4       267       7      36      37     371     373
CQUAD4       268       7      37      38     369     371
CQUAD4       269       7      38      39     367     369
CQUAD4       270       7      39      40     365     367
CQUAD4       271       7      40      41     363     365
CQUAD4       272       7      41      42     361     363
CQUAD4       273       7      42      43     359     361
CTRIA3       274       7     358      54      55
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CTRIA3       275       7     359      44      43
CQUAD4       276       7     359     358      55      44
MAT1           1.200E+06        .000E+00.759E-08.000E+00.000E+00.000E+00M1      
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           3           0.000-300.000   0.000
GRID           4           0.000-200.000   0.000
GRID           5           0.000-100.000   0.000
GRID           6           0.000   0.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          13          88.286-400.000   0.000
GRID          14          88.286-300.000   0.000
GRID          15          88.286-200.000   0.000
GRID          16          88.286-100.000   0.000
GRID          17          88.286   0.000   0.000
GRID          18          88.286 100.000   0.000
GRID          19          88.286 200.000   0.000
GRID          20          88.286 300.000   0.000
GRID          21          88.286 400.000   0.000
GRID          22          88.286 500.000   0.000
GRID          23         176.571-500.000   0.000
GRID          24         176.571-400.000   0.000
GRID          25         176.571-300.000   0.000
GRID          26         176.571-200.000   0.000
GRID          27         176.571-100.000   0.000
GRID          28         176.571   0.000   0.000
GRID          29         176.571 100.000   0.000
GRID          30         176.571 200.000   0.000
GRID          31         176.571 300.000   0.000
GRID          32         176.571 400.000   0.000
GRID          33         176.571 500.000   0.000
GRID          34         264.857-500.000   0.000
GRID          35         264.857-400.000   0.000
GRID          36         264.857-300.000   0.000
GRID          37         264.857-200.000   0.000
GRID          38         264.857-100.000   0.000
GRID          39         264.857   0.000   0.000
GRID          40         264.857 100.000   0.000
GRID          41         264.857 200.000   0.000
GRID          42         264.857 300.000   0.000
GRID          43         264.857 400.000   0.000
GRID          44         264.857 500.000   0.000
GRID          45         353.143-500.000   0.000
GRID          46         353.143-400.000   0.000
GRID          47         353.143-300.000   0.000
GRID          48         353.143-200.000   0.000
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GRID          49         353.143-100.000   0.000
GRID          50         353.143   0.000   0.000
GRID          51         353.143 100.000   0.000
GRID          52         353.143 200.000   0.000
GRID          53         353.143 300.000   0.000
GRID          54         353.143 400.000   0.000
GRID          55         353.143 500.000   0.000
GRID          56         441.429-500.000   0.000
GRID          57         441.429-400.000   0.000
GRID          58         441.429-300.000   0.000
GRID          59         441.429-200.000   0.000
GRID          60         441.429-100.000   0.000
GRID          61         441.429   0.000   0.000
GRID          62         441.429 100.000   0.000
GRID          63         441.429 200.000   0.000
GRID          64         441.429 300.000   0.000
GRID          65         441.429 400.000   0.000
GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          68         529.714-400.000   0.000
GRID          69         529.714-300.000   0.000
GRID          70         529.714-200.000   0.000
GRID          71         529.714-100.000   0.000
GRID          72         529.714   0.000   0.000
GRID          73         529.714 100.000   0.000
GRID          74         529.714 200.000   0.000
GRID          75         529.714 300.000   0.000
GRID          76         529.714 400.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          80         618.000-300.000   0.000
GRID          81         618.000-200.000   0.000
GRID          82         618.000-100.000   0.000
GRID          83         618.000   0.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID         358         343.143 400.000  75.000
GRID         359         274.857 400.000  75.000
GRID         360         343.143 300.000  75.000
GRID         361         274.857 300.000  75.000
GRID         362         343.143 200.000  75.000
GRID         363         274.857 200.000  75.000
GRID         364         343.143 100.000  75.000
GRID         365         274.857 100.000  75.000
GRID         366         343.143   0.000  75.000
GRID         367         274.857   0.000  75.000
GRID         368         343.143-100.000  75.000
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GRID         369         274.857-100.000  75.000
GRID         370         343.143-200.000  75.000
GRID         371         274.857-200.000  75.000
GRID         372         343.143-300.000  75.000
GRID         373         274.857-300.000  75.000
GRID         374         343.143-400.000  75.000
GRID         375         274.857-400.000  75.000
GRID         376         343.143-500.000  75.000
GRID         377         274.857-500.000  75.000
SUPORT1        1      51  123456
SPC            1       2  123456     0.0
SPC            1      10  123456     0.0
SPC            1      79  123456     0.0
SPC            1      87  123456     0.0
FORCE          1      65       0   1.0      0.0     0.0 100.0000
FORCE          2      65       0   1.0  -80.000     0.0     0.0
$------12------23------34------45------56------67------78------89------9X--
GRAV          50          9800.0     0.0     0.0    -1.0
ENDDATA
720 Design Examples Manual November 2009 GENESIS



2.52.2 Output Data
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.2

                             BUILD CODE 200212131048     

     PROJECT NAME: D052                
     RUN STARTED:  Dec 13, 2002 12:55
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:        40000000

     LICENSED TO: Vanderplaats R&D Inc.                                       
     LICENSE EXPIRES: Dec 31, 2020

1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    1
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
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 PART 2 - RESIDUAL MODEL                                                 

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    108
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         98
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       100
                   NUMBER OF ELEMENT PROPERTIES:               4
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             648

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     MASS    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       4
                  TOTAL NUMBER OF DESIGN VARIABLES:             4
                  NUMBER OF SHAPE DESIGN VARIABLES:             1
                  NUMBER OF DIRECT RESPONSES:                1001
                  NUMBER OF POTENTIAL CONSTRAINTS:           2000

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   5
                  TOTAL NUMBER OF LOAD CASES:                    5
 
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    2
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    3
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.322502E-03
                    SYSTEM VOLUME            8.330042E+05
                    SYSTEM MASS/VOLUME       7.590000E-09
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    4
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 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -3.339199E-13 ; STRAIN ENERGY :  1.643842E+02
 LOADCASE        2 ; RESIDUAL : -6.754492E-12 ; STRAIN ENERGY :  1.044040E+01
 LOADCASE        3 ; RESIDUAL : -1.540089E-13 ; STRAIN ENERGY :  2.246713E+02
 LOADCASE        4 ; RESIDUAL :  1.219275E-13 ; STRAIN ENERGY :  6.744273E+01
 LOADCASE        5 ; RESIDUAL :  3.435706E-11 ; STRAIN ENERGY :  4.768411E+01
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    5
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+02  4.0000E+04 -4.4143E+04  0.0000E+00
       2 -8.0000E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  3.2000E+04
       3  5.8264E-11  2.2000E+02  2.6240E-10 -6.6000E+04 -2.7565E-08  1.1654E+05
       4 -1.6906E-11 -3.2134E-10 -1.8000E+02 -1.8000E+04  1.1124E+05 -1.0013E-07
       5 -2.9869E-11 -7.4386E-10 -1.7472E+02 -1.7633E+04  5.3987E+04 -2.9194E-07
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE    6
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  8.3029E-13 -3.6963E-12  4.2248E-11  5.9285E-09 -2.8604E-08 -2.6688E-09
       2 -8.2588E-12  7.8326E-12 -2.2424E-11 -2.1169E-08  1.8937E-08 -1.1020E-10
       3 -1.6649E-08 -2.2000E+02 -1.0479E-07  6.6000E+04  2.0918E-05 -1.1654E+05
       4  6.0457E-09  1.5126E-07  1.8000E+02  1.8000E+04 -1.1124E+05  4.7512E-05
       5  2.0096E-09  3.5299E-08  1.7472E+02  1.7633E+04 -5.3987E+04  1.1069E-05
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       65     9.9317E+01 -1.5013E-01 -1.6025E-01  9.9317E+01
       2       65     7.9296E+01 -7.9296E+01 -8.9890E-02  1.2010E-01
       3       79     1.3409E+02  1.8352E-02  1.9727E+01 -1.3263E+02
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       4       85     7.5630E+01 -1.4025E-04  8.5026E+00 -7.5150E+01
       5       67     5.3362E+01 -8.0858E+00  3.7584E-02 -5.2746E+01
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     3.9044E-11  2.4509E-12 -2.0528E-12 -3.8913E-11
       2        2     4.0029E-11  2.6164E-13 -1.7746E-12  3.9988E-11
       3       87     1.3808E+02 -2.4620E+00 -1.2862E+02 -5.0174E+01
       4       87     1.7421E+02  1.7696E+01  9.6716E+00  1.7304E+02
       5       10     6.0535E+01  7.7643E-02  1.8417E+00  6.0507E+01
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       65     3.1789E+00 -1.6378E-03  2.2506E-04  3.1789E+00
       2        2     1.9141E+00  3.0554E-04 -3.1363E-05 -1.9141E+00
       3       84     1.2648E+00 -1.4283E-04 -1.4362E-03  1.2648E+00
       4       67     1.0062E+00  2.1839E-04  3.5837E-04 -1.0062E+00
       5      377     3.8251E+00  1.0595E-05 -2.8797E-01 -3.8143E+00
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                   R I G I D   B O D Y   M A S S   M A T R I X
               I N   B A S I C   C O O R D I N A T E   S Y S T E M
                           A T   G R D P N T  =        0

       MX          MXY          MXZ         MTR11         MTR12       MTR13
       MYX         MY           MYZ         MTR21         MTR22       MTR23
       MZX         MZY          MZ          MTR31         MTR32       MTR33
      MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
      MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
      MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 

   1.78281E-02 -1.29536E-15  1.45608E-15  9.38439E-14  3.93539E+00 -1.79932E+00
  -1.29536E-15  1.78281E-02  3.72103E-14 -3.93539E+00  1.50513E-11  5.50888E+00
   1.45608E-15  3.72103E-14  1.78281E-02  1.79932E+00 -5.50888E+00  1.79919E-11
   9.38439E-14 -3.93539E+00  1.79932E+00  3.69122E+03 -5.55991E+02 -1.21604E+03
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   3.93539E+00  1.50513E-11 -5.50888E+00 -5.55991E+02  4.05777E+03 -6.40411E+02
  -1.79932E+00  5.50888E+00  1.79919E-11 -1.21604E+03 -6.40411E+02  4.57075E+03
  

                      P R I N C I P A L   I N E R T I A S 
                          A T   G R D P N T  =       0

                       I1             I2             I3

                  5.460755E+03   4.438378E+03   2.420616E+03
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                          A T   G R D P N T   =       0

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  5.194061E-01  -4.724748E-01   7.120287E-01
                  1.758734E-01   8.745102E-01   4.519962E-01
                 -8.362331E-01  -1.095426E-01   5.373216E-01
  

                       C E N T E R   O F   G R A V I T Y 
             W I T H   R E S P E C T   T O   G R D P N T  =       0
     DIRECTION
 MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

        X         1.782809E-02   5.263824E-12   1.009263E+02   2.207411E+02
        Y         1.782809E-02   3.090000E+02   8.442487E-10   2.207411E+02
        Z         1.782809E-02   3.090000E+02   1.009263E+02   1.009189E-09
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 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                         S Y S T E M   I N E R T I A S 
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                    A T   C E N T E R   O F   G R A V I T Y

                       IXX            IXY            IXZ
                       IYX            IYY            IYZ
                       IZX            IZY            IZZ

                  2.640921E+03   8.541292E-10   4.274852E-09
                  8.541292E-10   1.486824E+03   2.432261E+02
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                  4.274852E-09   2.432261E+02   2.686912E+03
  

                      P R I N C I P A L   I N E R T I A S 
                    A T   C E N T E R   O F   G R A V I T Y

                       I1             I2             I3

                  2.734333E+03   2.640921E+03   1.439402E+03
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                    A T   C E N T E R   O F   G R A V I T Y

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  0.000000E+00   1.000000E+00   0.000000E+00
                  1.913661E-01   0.000000E+00   9.815187E-01
                 -9.815187E-01   0.000000E+00   1.913661E-01
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.322502E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    0.000000E+00    1.000000E+00
          2     THCK1       5.000000E-01    1.000000E+00    2.000000E+00
          3     THCK2       5.000000E-01    1.000000E+00    2.000000E+00
          4     THCK3       5.000000E-01    1.000000E+00    2.000000E+00
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 PART 2 - RESIDUAL MODEL                                                 

  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    2        1    2.154074E+01  UB   3.000000E+01   I
    TRIA3          274    9        1    2.391695E+01  UB   3.000000E+01   I
    QUAD4           48    2        1    1.950327E+01  UB   3.000000E+01   I
    QUAD4           49    2        1    3.180669E+01  UB   3.000000E+01   V
    QUAD4           50    2        1    4.634546E+01  UB   3.000000E+01   V
    QUAD4           68    2        1    1.924516E+01  UB   3.000000E+01   I
    QUAD4           69    2        1    1.792637E+01  UB   3.000000E+01   I
    QUAD4           70    2        1    2.957763E+01  UB   3.000000E+01   A
    QUAD4           58    2        1    2.198934E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    3.835696E+01  UB   3.000000E+01   V
    QUAD4           60    2        1    2.787244E+01  UB   3.000000E+01   A
    QUAD4           48    9        1    1.977555E+01  UB   3.000000E+01   I
    QUAD4           49    9        1    3.152237E+01  UB   3.000000E+01   V
    QUAD4           50    9        1    4.654528E+01  UB   3.000000E+01   V
    QUAD4           68    9        1    1.961737E+01  UB   3.000000E+01   I
    QUAD4           69    9        1    1.858387E+01  UB   3.000000E+01   I
    QUAD4           70    9        1    2.932333E+01  UB   3.000000E+01   A
    QUAD4           58    9        1    2.159227E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    3.857742E+01  UB   3.000000E+01   V
    QUAD4           60    9        1    2.739614E+01  UB   3.000000E+01   A
    QUAD4            1    2        5    1.870127E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    2.456884E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    2.456787E+01  UB   3.000000E+01   I
    QUAD4           61    2        5    1.869989E+01  UB   3.000000E+01   I
    QUAD4           11    2        5    1.559959E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.559796E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.874290E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    2.435747E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    2.435646E+01  UB   3.000000E+01   I
    QUAD4           61    9        5    1.874152E+01  UB   3.000000E+01   I
    QUAD4           11    9        5    1.540850E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.540684E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE   14
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
GENESIS November 2009 Design Examples Manual 727



 PART 2 - RESIDUAL MODEL                                                 

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.775706E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    1.000000E-01    1.000000E+00
          2     THCK1       5.000000E-01    1.179157E+00    2.000000E+00
          3     THCK2       5.000000E-01    5.000000E-01    2.000000E+00
          4     THCK3       5.000000E-01    1.308331E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    2        1    1.527061E+01  UB   3.000000E+01   I
    TRIA3          274    9        1    1.775384E+01  UB   3.000000E+01   I
    QUAD4           49    2        1    1.956711E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    3.250354E+01  UB   3.000000E+01   V
    QUAD4           70    2        1    2.127138E+01  UB   3.000000E+01   I
    QUAD4           58    2        1    1.537256E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.712657E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.023572E+01  UB   3.000000E+01   I
    QUAD4           49    9        1    1.917913E+01  UB   3.000000E+01   I
    QUAD4           50    9        1    3.276901E+01  UB   3.000000E+01   V
    QUAD4           70    9        1    2.112566E+01  UB   3.000000E+01   I
    QUAD4           58    9        1    1.513069E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.725805E+01  UB   3.000000E+01   A
    QUAD4           60    9        1    2.001736E+01  UB   3.000000E+01   I
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    QUAD4            1    2        5    1.658939E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    2.325212E+01  UB   3.000000E+01   I
    QUAD4           61    2        5    1.780053E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.539646E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.664329E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    2.304419E+01  UB   3.000000E+01   I
    QUAD4           61    9        5    1.782780E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.513485E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      2 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.155423E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    2.000000E-01    1.000000E+00
          2     THCK1       5.000000E-01    9.596488E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000010E-01    2.000000E+00
          4     THCK3       5.000000E-01    1.507985E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    2        1    1.664835E+01  UB   3.000000E+01   I
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    TRIA3          274    9        1    1.880627E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.862929E+01  UB   3.000000E+01   A
    QUAD4           70    2        1    1.951389E+01  UB   3.000000E+01   I
    QUAD4           58    2        1    1.534448E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    3.185982E+01  UB   3.000000E+01   V
    QUAD4           60    2        1    2.614681E+01  UB   3.000000E+01   I
    QUAD4           50    9        1    2.895141E+01  UB   3.000000E+01   A
    QUAD4           70    9        1    1.930715E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    3.180042E+01  UB   3.000000E+01   V
    QUAD4           60    9        1    2.613789E+01  UB   3.000000E+01   I
    QUAD4            1    2        5    1.789314E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.836485E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    2.308858E+01  UB   3.000000E+01   I
    QUAD4           61    2        5    1.741999E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.872826E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.794704E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    1.812441E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    2.289127E+01  UB   3.000000E+01   I
    QUAD4           61    9        5    1.742424E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.840984E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      3 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.282971E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    3.333333E-01    1.000000E+00
          2     THCK1       5.000000E-01    9.882271E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000000E-01    2.000000E+00
          4     THCK3       5.000000E-01    1.592469E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    2        1    1.569985E+01  UB   3.000000E+01   I
    TRIA3          274    9        1    1.787608E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.664086E+01  UB   3.000000E+01   I
    QUAD4           70    2        1    1.819662E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.980386E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.488714E+01  UB   3.000000E+01   I
    QUAD4           50    9        1    2.697767E+01  UB   3.000000E+01   I
    QUAD4           70    9        1    1.800653E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.972947E+01  UB   3.000000E+01   A
    QUAD4           60    9        1    2.491044E+01  UB   3.000000E+01   I
    QUAD4            1    2        5    1.723625E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.709684E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    2.167178E+01  UB   3.000000E+01   I
    QUAD4           61    2        5    1.655163E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.774078E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.728864E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    1.686147E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    2.148379E+01  UB   3.000000E+01   I
    QUAD4           61    9        5    1.654868E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.742448E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      4 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.182658E-03

  DESIGN VARIABLE
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                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    6.296286E-01    1.000000E+00
          2     THCK1       5.000000E-01    9.462873E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000010E-01    2.000000E+00
          4     THCK3       5.000000E-01    1.734703E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    2        1    1.500555E+01  UB   3.000000E+01   I
    TRIA3          274    9        1    1.709168E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.405797E+01  UB   3.000000E+01   I
    QUAD4           70    2        1    1.663330E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.979488E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.601261E+01  UB   3.000000E+01   I
    QUAD4           50    9        1    2.444411E+01  UB   3.000000E+01   I
    QUAD4           70    9        1    1.643891E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.962207E+01  UB   3.000000E+01   A
    QUAD4           60    9        1    2.612398E+01  UB   3.000000E+01   I
    QUAD4            1    2        5    1.680680E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.709458E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    1.986973E+01  UB   3.000000E+01   I
    QUAD4           61    2        5    1.532385E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.725394E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.685651E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    1.686150E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    1.970053E+01  UB   3.000000E+01   I
    QUAD4           61    9        5    1.529949E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.692846E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 PART 2 - RESIDUAL MODEL                                                 

               ********************************************
               *  D E S I G N  C Y C L E      5 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.078585E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    1.000000E+00    1.000000E+00
          2     THCK1       5.000000E-01    9.207838E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000000E-01    2.000000E+00
          4     THCK3       5.000000E-01    1.809596E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    9        1    1.687343E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.273965E+01  UB   3.000000E+01   I
    QUAD4           70    2        1    1.590730E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.989646E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.664367E+01  UB   3.000000E+01   I
    QUAD4           50    9        1    2.317460E+01  UB   3.000000E+01   I
    QUAD4           70    9        1    1.569566E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.964719E+01  UB   3.000000E+01   A
    QUAD4           60    9        1    2.681533E+01  UB   3.000000E+01   I
    QUAD4            1    2        5    1.644982E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.701775E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    1.881259E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.674322E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.649499E+01  UB   3.000000E+01   I
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    QUAD4           21    9        5    1.678786E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    1.865988E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.641862E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      6 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.043581E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    1.000000E+00    1.000000E+00
          2     THCK1       5.000000E-01    8.722557E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000000E-01    2.000000E+00
          4     THCK3       5.000000E-01    2.000000E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    TRIA3          274    9        1    1.505604E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.013220E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.966424E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.753127E+01  UB   3.000000E+01   A
    QUAD4           50    9        1    2.059390E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.934346E+01  UB   3.000000E+01   A
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    QUAD4           60    9        1    2.773842E+01  UB   3.000000E+01   A
    QUAD4            1    2        5    1.604363E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.707037E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    1.678916E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.589344E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.609093E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    1.683997E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    1.666117E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.555382E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      7 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.012138E-03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     SHAP1      -1.000000E+00    1.000000E+00    1.000000E+00
          2     THCK1       5.000000E-01    8.628712E-01    2.000000E+00
          3     THCK2       5.000000E-01    5.000000E-01    2.000000E+00
          4     THCK3       5.000000E-01    2.000000E+00    2.000000E+00
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  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
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    TRIA3          274    9        1    1.502361E+01  UB   3.000000E+01   I
    QUAD4           50    2        1    2.015034E+01  UB   3.000000E+01   I
    QUAD4           59    2        1    2.999570E+01  UB   3.000000E+01   A
    QUAD4           60    2        1    2.788804E+01  UB   3.000000E+01   A
    QUAD4           50    9        1    2.061431E+01  UB   3.000000E+01   I
    QUAD4           59    9        1    2.966785E+01  UB   3.000000E+01   A
    QUAD4           60    9        1    2.809740E+01  UB   3.000000E+01   A
    QUAD4            1    2        5    1.607835E+01  UB   3.000000E+01   I
    QUAD4           21    2        5    1.725468E+01  UB   3.000000E+01   I
    QUAD4           41    2        5    1.679055E+01  UB   3.000000E+01   I
    QUAD4           51    2        5    1.597586E+01  UB   3.000000E+01   I
    QUAD4            1    9        5    1.612589E+01  UB   3.000000E+01   I
    QUAD4           21    9        5    1.702362E+01  UB   3.000000E+01   I
    QUAD4           41    9        5    1.666350E+01  UB   3.000000E+01   I
    QUAD4           51    9        5    1.563476E+01  UB   3.000000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS)*
               ********************************************
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.012138E-03
                    SYSTEM VOLUME            7.921131E+05
                    SYSTEM MASS/VOLUME       7.590000E-09
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                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  9.432011E-15 ; STRAIN ENERGY :  9.094352E+01
 LOADCASE        2 ; RESIDUAL : -9.049672E-12 ; STRAIN ENERGY :  1.232943E+01
 LOADCASE        3 ; RESIDUAL : -6.929384E-13 ; STRAIN ENERGY :  2.246420E+02
 LOADCASE        4 ; RESIDUAL : -3.027572E-12 ; STRAIN ENERGY :  6.757829E+01
 LOADCASE        5 ; RESIDUAL : -6.129718E-11 ; STRAIN ENERGY :  4.194063E+01
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+02  4.0000E+04 -4.4143E+04  0.0000E+00
       2 -8.0000E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  3.2000E+04
       3  5.8264E-11  2.2000E+02  2.6240E-10 -6.6000E+04 -2.7565E-08  1.1654E+05
       4 -1.6906E-11 -3.2134E-10 -1.8000E+02 -1.8000E+04  1.1124E+05 -1.0013E-07
       5 -2.9869E-11 -7.4386E-10 -1.7167E+02 -1.7657E+04  5.4784E+04 -2.9194E-07
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  3.2108E-12  5.3161E-12 -3.5486E-11  1.7522E-08  6.2400E-09 -3.8566E-09
       2  5.8178E-12 -8.5245E-12  6.8168E-11 -2.7515E-08 -1.0524E-09  2.0099E-09
       3 -1.6787E-08 -2.2000E+02 -1.0522E-07  6.6000E+04  2.0935E-05 -1.1654E+05
       4  6.0712E-09  1.5080E-07  1.8000E+02  1.8000E+04 -1.1124E+05  4.7373E-05
       5  1.4136E-09  3.7963E-08  1.7167E+02  1.7657E+04 -5.4784E+04  1.2077E-05
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       65     9.9015E+01 -2.1133E-01 -2.3416E-01  9.9014E+01
       2       65     7.8976E+01 -7.8975E+01 -1.2578E-01  1.8453E-01
       3       79     1.3409E+02  1.8352E-02  1.9727E+01 -1.3263E+02
       4       85     7.5630E+01 -1.4025E-04  8.5026E+00 -7.5150E+01
       5       67     5.3502E+01 -8.0858E+00  3.7584E-02 -5.2887E+01
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        7     1.5804E-11 -4.5380E-15 -1.0384E-11 -1.1914E-11
       2        1     1.5605E-10  1.4251E-12  2.6256E-12  1.5602E-10
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       3       87     1.3658E+02 -6.3443E-01 -1.2753E+02 -4.8892E+01
       4       87     1.7289E+02  1.6359E+01  8.8050E+00  1.7189E+02
       5       10     6.5422E+01  7.1525E+00 -1.5087E+01  6.3256E+01
1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE   35
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       79     1.9292E+00  2.5797E-03  1.3925E-03 -1.9292E+00
       2        2     2.7681E+00  2.8539E-04  2.7092E-05 -2.7681E+00
       3       56     1.4702E+00  2.9996E-05 -1.0561E-03  1.4702E+00
       4       56     1.3384E+00  1.3226E-04  6.2213E-04 -1.3384E+00
       5      377     3.5108E+00 -6.9697E-03 -2.1510E-01 -3.5042E+00
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                   R I G I D   B O D Y   M A S S   M A T R I X
               I N   B A S I C   C O O R D I N A T E   S Y S T E M
                           A T   G R D P N T  =        0

       MX          MXY          MXZ         MTR11         MTR12       MTR13
       MYX         MY           MYZ         MTR21         MTR22       MTR23
       MZX         MZY          MZ          MTR31         MTR32       MTR33
      MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
      MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
      MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 

   1.75177E-02 -1.29536E-15  1.45608E-15  9.38439E-14  3.91577E+00 -1.80172E+00
  -1.29536E-15  1.75177E-02  3.72103E-14 -3.91577E+00  1.50513E-11  5.59023E+00
   1.45608E-15  3.72103E-14  1.75177E-02  1.80172E+00 -5.59023E+00  1.79919E-11
   9.38439E-14 -3.91577E+00  1.80172E+00  3.66429E+03 -5.56736E+02 -1.20996E+03
   3.91577E+00  1.50513E-11 -5.59023E+00 -5.56736E+02  4.13169E+03 -6.40873E+02
  -1.80172E+00  5.59023E+00  1.79919E-11 -1.20996E+03 -6.40873E+02  4.62134E+03
  

                      P R I N C I P A L   I N E R T I A S 
                          A T   G R D P N T  =       0

                       I1             I2             I3

                  5.486740E+03   4.490768E+03   2.439811E+03
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              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                          A T   G R D P N T   =       0

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  5.010792E-01  -4.733072E-01   7.244998E-01
                  1.931003E-01   8.772264E-01   4.395294E-01
                 -8.435828E-01  -8.033792E-02   5.309557E-01
  

                       C E N T E R   O F   G R A V I T Y 
             W I T H   R E S P E C T   T O   G R D P N T  =       0
     DIRECTION
 MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

        X         1.751773E-02   5.357083E-12   1.028513E+02   2.235317E+02
        Y         1.751773E-02   3.191182E+02   8.592063E-10   2.235317E+02
        Z         1.751773E-02   3.191182E+02   1.028513E+02   1.027069E-09
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                         S Y S T E M   I N E R T I A S 
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                    A T   C E N T E R   O F   G R A V I T Y

                       IXX            IXY            IXZ
                       IYX            IYY            IYZ
                       IZX            IZY            IZZ

                  2.603683E+03  -1.822592E+01  -3.963720E+01
                 -1.822592E+01   1.472448E+03   2.381315E+02
                 -3.963720E+01   2.381315E+02   2.652088E+03
  

                      P R I N C I P A L   I N E R T I A S 
                    A T   C E N T E R   O F   G R A V I T Y

                       I1             I2             I3

                  2.710190E+03   2.592388E+03   1.425641E+03
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
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                    A T   C E N T E R   O F   G R A V I T Y

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  3.170270E-01   9.481702E-01  -2.161650E-02
                 -1.746778E-01   8.077663E-02   9.813067E-01
                  9.321918E-01  -3.073247E-01   1.912327E-01
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                       ***********************************
                       * S O F T   C O N V E R G E N C E *
                       * NO FURTHER PROGRESS CAN BE MADE *
                       ***********************************

 THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     6.3225E-03        55.2%
    1     6.7757E-03         9.2%
    2     6.1554E-03         6.2%
    3     6.2830E-03         0.0%
    4     6.1827E-03         0.0%
    5     6.0786E-03         0.0%
    6     6.0436E-03         0.0%
    7     6.0121E-03         0.0%
740 Design Examples Manual November 2009 GENESIS



1GENESIS   VERSION  7.2                   DATE 12-13-2002  TIME 12:55  PAGE   40
 DEMONSTRATION SUPERELEMENT REDUCTION PROBLEM                            
 PART 2 - RESIDUAL MODEL                                                 

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
                1             2             3             4
            SHAP1         THCK1         THCK2         THCK3

    0     0.0000E+00    1.0000E+00    1.0000E+00    1.0000E+00 
    1     1.0000E-01    1.1792E+00    5.0000E-01*   1.3083E+00 
    2     2.0000E-01    9.5965E-01    5.0000E-01    1.5080E+00 
    3     3.3333E-01    9.8823E-01    5.0000E-01*   1.5925E+00 
    4     6.2963E-01    9.4629E-01    5.0000E-01    1.7347E+00 
    5     1.0000E+00*   9.2078E-01    5.0000E-01*   1.8096E+00 
    6     1.0000E+00*   8.7226E-01    5.0000E-01*   2.0000E+00*
    7     1.0000E+00*   8.6287E-01    5.0000E-01*   2.0000E+00*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
1                            ***** END OF OUTPUT *****
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2.53 Bead Pattern Optimization using Topography 
Optimization I (DTGRID Data)

Example ID:
D053         

Design Data Used:
DTGRID, DRESP1, DOBJ, DCONS, DOPT 

Special Feature Used:
DTGRID data to automatically create shape design data. Data provided demostrate a general case 
where all interior grids or the region are designable.

Problem Statement:
Minimize the strain energy of the plate structure shown bellow, subject to a  volume contraint so 
that the final volume should not be greater than 735.00.There is one static loadcase. 

Design Problem:
Minimize Strain Energy.

1. 1 topography region (1 DTGRID data entry) 
2. 663 independent design variables (automatically created by DTGRID Data)
3. 663 perturbation vectors  (automatically created by DTGRID Data)
4. 1 static load case
5. 1 volume constraint.
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Design Data Relationships:

Results: 
The Final strain energy is 6.9483E-3 . The final volume constraint is 734.87.

 
DOPT 
DTGRID 
DRESP1  DOBJ  
DRESP1   DCONS   
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2.53.1 Input Data
ID D053
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY 
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
$ ELEMENT SET
LOADCASE       20
   LABEL=TORSION LOAD
   SPC    =     200
   LOAD   =     200
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ TOPOGRAPHY REGION
$
$ 1) DESIGN ALL INTERIOR GRID ASSOCIATED TO ELEMENTS THAT REFERENCE
$     PSHELL 4 AND NO BORDERS (EDEGEM=DEFAULT)
$ 2) MAXIMUM DIMEN1 = 0.80
$ 3) INIT = 0.1. (USED TO HELP SMALL SENSITVITES TO BE BIGGER)
$ 4) GRIDS CAN MOVE BOTH SIDE OF PLATE (USE DEFAULS FOR LB AND UB)
$
DTGRID  1       TP_P4   PSHELL  4
+       SHAPE   CONE    0.80
+       DVAR    0.1
$
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS
DCONS   200                     735.00
$
$
$  --- ANALYSIS DATA ---
PSHELL         4       11.000000       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
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CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
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CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
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CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
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CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
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CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
GENESIS November 2009 Design Examples Manual 749



CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
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CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
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CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
CQUAD4       819       4    1295    1336    1337    1296
CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
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CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
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CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
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CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
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CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
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CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
CQUAD4      1452       4    1944    1985    1986    1945
CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
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CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
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CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
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GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
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GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
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GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
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GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
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GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
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GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
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GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
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GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
GRID        1419        23.0000019.00000    0.0
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GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
GRID        1532        26.000009.000000    0.0
GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
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GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
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GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
770 Design Examples Manual November 2009 GENESIS



GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
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GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
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GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
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GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2101        1.000000    0.0     0.0  1.0000
FORCE        200    2117        1.000000    0.0     0.0  -1.0000
ENDDATA
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2.53.2 Output Data
ID D053
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY 
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
$ ELEMENT SET
LOADCASE       20
   LABEL=TORSION LOAD
   SPC    =     200
   LOAD   =     200
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ TOPOGRAPHY REGION
$
$ 1) DESIGN ALL INTERIOR GRID ASSOCIATED TO ELEMENTS THAT REFERENCE
$     PSHELL 4 AND NO BORDERS (EDEGEM=DEFAULT)
$ 2) MAXIMUM DIMEN1 = 0.80
$ 3) INIT = 0.1. (USED TO HELP SMALL SENSITVITES TO BE BIGGER)
$ 4) GRIDS CAN MOVE BOTH SIDE OF PLATE (USE DEFAULS FOR LB AND UB)
$
DTGRID  1       TP_P4   PSHELL  4
+       SHAPE   CONE    0.80
+       DVAR    0.1
$
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS
DCONS   200                     735.00
$
$
$  --- ANALYSIS DATA ---
PSHELL         4       11.000000       1               1                P2
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CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
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CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
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CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
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CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
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CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
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CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
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CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
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CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
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CQUAD4       819       4    1295    1336    1337    1296
CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
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CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
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CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
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CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
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CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
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CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
CQUAD4      1452       4    1944    1985    1986    1945
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CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
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CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
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GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
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GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
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GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
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GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
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GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
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GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
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GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
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GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
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GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
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GRID        1419        23.0000019.00000    0.0
GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
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GRID        1532        26.000009.000000    0.0
GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
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GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
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GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
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GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
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GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
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GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2101        1.000000    0.0     0.0  1.0000
FORCE        200    2117        1.000000    0.0     0.0  -1.0000
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ENDDATA
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2.54 Bead Pattern Optimization using Topography 
Optimization II(DTGRID Data)

Example ID:
D054         

Design Data Used:
DTGRID, DRESP1, DOBJ, DCONS, DOPT 

Special Feature Used:
DTGRID data to automatically create shape design data. Data provided demostrate a general case 
where all interior grids or the region are designable.

Problem Statement:
Same as D053, but now the grids are limited to move only on the positve side of the strcuture.

Design Problem:
Same as D053. But now LB=0.0 on DTGRID data
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Design Data Relationships:

Results: 
The Final strain energy is 7.8255E-3 . The final volume is 735.7 which is active and slightly vio-
lated but within the tolerance (0.1%).

 
DOPT 
DTGRID 
DRESP1  DOBJ  
DRESP1   DCONS 

  
810 Design Examples Manual November 2009 GENESIS



2.54.1 Input Data
ID D054
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION II
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
$ ELEMENT SET
LOADCASE       20
   LABEL=TORSION LOAD
   SPC    =     200
   LOAD   =     200
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ TOPOGRAPHY REGIONS
$
$
$ TOPOGRAPHY REGIONS
$
$ 1) DESIGN ALL INTERIOR GRID ASSOCIATED TO ELEMENTS THAT REFERENCE
$    PSHELL 4 AND NO BORDERS (USE DEFAULT NOEDGE OPTION)
$ 2) MAXIMUM HEIGHT = 0.80
$ 3) INIT = 0.1. (USED TO HELP SMALL SENSITVITES TO BE BIGGER)
$ 4) GRIDS CAN ONLY MOVE ON POSITIVE SIDE ON PLATE: LB=0.0
$
DTGRID  1       TP_P4   PSHELL  4
+       SHAPE   CONE    0.80
+       DVAR    0.1     0.0
$
$
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS
DCONS   200                     735.00
$
$
$  --- ANALYSIS DATA ---
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PSHELL         4       11.000000       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
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CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
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CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
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CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
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CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
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CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
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CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
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CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
CQUAD4       819       4    1295    1336    1337    1296
CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
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CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
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CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
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CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
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CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
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CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
CQUAD4      1452       4    1944    1985    1986    1945
CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
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CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
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CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
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GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
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GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
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GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
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GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
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GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
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GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
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GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
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GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
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GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
GRID        1419        23.0000019.00000    0.0
GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
GRID        1532        26.000009.000000    0.0
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GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
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GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
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GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
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GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
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GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
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GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2101        1.000000    0.0     0.0  1.0000
FORCE        200    2117        1.000000    0.0     0.0  -1.0000
ENDDATA
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2.54.2 Output Data
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.2

                          BUILD CODE 200212110932 BETA

     PROJECT NAME: D054
     RUN STARTED:  Dec 11, 2002 14:50
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10
     LENVEC:        11000000

                                TOPOGRAPHY  SUMMARY

                  NUMBER OF TOPOGRAPHY REGIONS:                1
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                  ADDED NUMBER OF INDEPENDENT VARIABLES:     663
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:           663
                  TOTAL NUMBER OF ADDED DVGRID DATA:         663
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE    1
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    779
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        720
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       720
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            4662

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SEN
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     663
                  TOTAL NUMBER OF DESIGN VARIABLES:           663
                  NUMBER OF SHAPE DESIGN VARIABLES:           663
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.619694E-06
                    SYSTEM VOLUME            7.204736E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  3.964493E-12 ; STRAIN ENERGY :  1.062637E-02
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -2.8759E-13 -7.7755E-14  1.7986E-13  1.6000E+01 -7.2512E-12 -5.4708E-12
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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                   M A X I M U M   S P C   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     9.3876E-01  4.6088E-03  4.0841E-03  9.3874E-01
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2117     1.1966E-02 -6.5397E-06 -2.0279E-04 -1.1964E-02
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.062637E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   11
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.204736E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   12
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   13
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.697114E-06
                    SYSTEM VOLUME            7.303993E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   14
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.690725E-12 ; STRAIN ENERGY :  1.059101E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   15
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   16
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.3862E-12 -1.9655E-12 -2.2613E-12  1.6000E+01  4.9993E-11 -4.5193E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   17
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   18
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     9.4094E-01 -1.6951E-03 -7.2168E-02 -9.3817E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   19
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2117     1.1860E-02 -1.5099E-05 -3.2404E-04 -1.1856E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   20
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.059101E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   21
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.303993E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   22
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      2 (ANALYSIS)*
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               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   23
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.712613E-06
                    SYSTEM VOLUME            7.323862E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   24
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.716376E-12 ; STRAIN ENERGY :  1.001105E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   25
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   26
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -2.2881E-14 -5.1820E-12 -1.5804E-12  1.6000E+01  3.5477E-11 -1.2131E-10
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   27
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   28
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     9.5779E-01  5.7040E-03  1.9681E-01  9.3733E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   29
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.1478E-02  8.9783E-06 -3.6683E-04  1.1472E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   30
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      2 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.001105E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   31
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.323862E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   32
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
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               *  D E S I G N  C Y C L E      3 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   33
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.773579E-06
                    SYSTEM VOLUME            7.402024E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   34
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.008078E-12 ; STRAIN ENERGY :  9.167172E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   35
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   36
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -7.4142E-13 -9.6664E-13 -3.0573E-12  1.6000E+01  7.8104E-11 -1.9755E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   37
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   38
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     9.8188E-01 -1.1621E-03 -2.9702E-01 -9.3587E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   39
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.1290E-02  1.2779E-05 -4.1725E-04  1.1282E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   40
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      3 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.167172E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   41
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.402024E+02  UB   7.350000E+02   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   42
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               ********************************************
               *  D E S I G N  C Y C L E      4 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   43
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.735648E-06
                    SYSTEM VOLUME            7.353394E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   44
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.652617E-13 ; STRAIN ENERGY :  9.087381E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   45
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   46
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -3.0179E-13 -1.1394E-12  1.3170E-12  1.6000E+01 -6.0637E-11 -3.4352E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   47
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   48
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     9.8271E-01  2.8924E-03  2.9502E-01  9.3737E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   49
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.1330E-02  1.0580E-05 -4.5106E-04  1.1321E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   50
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      4 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.087381E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   51
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.353394E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   52
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               ********************************************
               *  D E S I G N  C Y C L E      5 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   53
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.730741E-06
                    SYSTEM VOLUME            7.347104E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   54
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  3.156606E-12 ; STRAIN ENERGY :  8.843458E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   55
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   56
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.1603E-12 -8.7729E-13 -1.0731E-12  1.6000E+01  3.8390E-11 -6.3508E-12
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   57
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   58
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     9.9397E-01 -4.7308E-03 -3.2902E-01 -9.3792E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   59
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.1148E-02  7.3578E-06 -4.7275E-04  1.1138E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   60
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      5 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.843458E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   61
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.347104E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   62
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      6 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   63
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.730888E-06
                    SYSTEM VOLUME            7.347292E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   64
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.946017E-13 ; STRAIN ENERGY :  8.578573E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   65
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   66
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  8.1758E-13 -2.9863E-14 -1.1936E-12  1.6000E+01  3.5382E-11 -1.9522E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   67
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   68
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0020E+00 -2.8893E-03 -3.5270E-01 -9.3786E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   69
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0845E-02  4.9943E-06 -4.8925E-04  1.0834E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   70
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      6 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.578573E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   71
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.347292E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   72
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   73
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.732240E-06
                    SYSTEM VOLUME            7.349026E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   74
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.253047E-12 ; STRAIN ENERGY :  8.371683E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   75
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   76
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  3.4578E-13 -9.3820E-13 -2.1234E-12  1.6000E+01  7.3097E-11 -3.5883E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   77
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   78
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0099E+00 -6.7498E-03 -3.7364E-01 -9.3824E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   79
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0630E-02 -1.9984E-06 -5.0869E-04  1.0618E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   80
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      7 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.371683E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   81
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.349026E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   82
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      8 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   83
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.733876E-06
                    SYSTEM VOLUME            7.351123E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   84
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.303455E-13 ; STRAIN ENERGY :  8.219027E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   85
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   86
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.3004E-12 -4.2207E-13  1.7250E-12  1.6000E+01 -5.8482E-11  1.2036E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   87
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   88
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0097E+00 -3.5242E-03 -3.7380E-01 -9.3796E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   89
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0405E-02 -2.3812E-06 -5.1876E-04  1.0392E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   90
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      8 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.219027E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   91
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.351123E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   92
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      9 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   93
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.734493E-06
                    SYSTEM VOLUME            7.351914E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   94
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  8.910211E-13 ; STRAIN ENERGY :  8.102266E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   95
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   96
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -4.2159E-13 -3.1740E-13 -2.8955E-12  1.6000E+01  8.7051E-11 -2.0545E-12
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   97
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   98
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0128E+00 -7.2048E-03 -3.8190E-01 -9.3805E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE   99
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0287E-02 -7.7693E-06 -5.3657E-04  1.0273E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  100
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      9 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.102266E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  101
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.351914E+02  UB   7.350000E+02   A
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  102
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  103
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.735494E-06
                    SYSTEM VOLUME            7.353198E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  104
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.929237E-13 ; STRAIN ENERGY :  8.009915E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  105
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  106
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -5.1000E-13 -1.4172E-12  8.7536E-13  1.6000E+01  1.7727E-11 -3.1742E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  107
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  108
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0120E+00 -3.3534E-03 -3.8034E-01 -9.3785E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  109
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0146E-02 -1.1630E-05 -5.4031E-04  1.0132E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  110
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.009915E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  111
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.353198E+02  UB   7.350000E+02   A
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  112
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  113
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.735698E-06
                    SYSTEM VOLUME            7.353460E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  114
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.599176E-12 ; STRAIN ENERGY :  7.958020E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  115
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  116
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  4.6330E-13 -1.1880E-12 -8.1528E-13  1.6000E+01  5.5262E-11 -3.4426E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  117
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  118
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.0178E+00  6.6273E-03  3.9497E-01  9.3798E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  119
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     1.0076E-02 -1.5741E-05 -5.5990E-04  1.0061E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  120
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.958020E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  121
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
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    VOLUME           0  SYS             7.353460E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  122
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     12 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  123
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.736416E-06
                    SYSTEM VOLUME            7.354380E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  124
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.921176E-12 ; STRAIN ENERGY :  7.915910E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  125
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  126
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -3.4986E-13 -1.3947E-12  4.5514E-14  1.6000E+01  4.5791E-12 -3.4531E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  127
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  128
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.0188E+00  2.6639E-03  3.9740E-01  9.3807E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  129
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9422E-03 -1.9955E-05 -5.6094E-04  9.9264E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  130
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     12 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.915910E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  131
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
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--
    VOLUME           0  SYS             7.354380E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  132
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     13 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  133
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.737056E-06
                    SYSTEM VOLUME            7.355200E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  134
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.968644E-12 ; STRAIN ENERGY :  7.888825E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  135
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  136
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -2.3302E-12 -1.9703E-12 -7.7930E-14  1.6000E+01  2.6042E-11 -3.8107E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  137
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  138
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.0222E+00  6.6379E-03  4.0503E-01  9.3852E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  139
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9014E-03 -2.3864E-05 -5.7579E-04  9.8846E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  140
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     13 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.888825E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  141
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.355200E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  142
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  143
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.738031E-06
                    SYSTEM VOLUME            7.356449E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  144
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.602825E-12 ; STRAIN ENERGY :  7.865331E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  145
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  146
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  2.5802E-13 -1.8287E-12  1.5612E-12  1.6000E+01 -3.1120E-11 -3.9350E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  147
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  148
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.0297E+00  2.6844E-03  4.2390E-01  9.3843E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  149
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.8700E-03 -2.1967E-05 -5.6869E-04  9.8536E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  150
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     14 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.865331E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  151
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.356449E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  152
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     15 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  153
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.738778E-06
                    SYSTEM VOLUME            7.357408E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  154
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.204206E-13 ; STRAIN ENERGY :  7.851924E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  155
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  156
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.1922E-12  1.9413E-14 -4.4619E-14  1.6000E+01  3.4823E-11  9.6675E-12
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  157
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  158
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0373E+00 -6.5493E-03 -4.4060E-01 -9.3903E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  159
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9391E-03 -2.3637E-05 -5.7834E-04  9.9223E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  160
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     15 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.851924E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  161
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.357408E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  162
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     16 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  163
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.739369E-06
                    SYSTEM VOLUME            7.358165E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  164
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.112539E-12 ; STRAIN ENERGY :  7.838637E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  165
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  166
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -2.1210E-13 -2.1378E-12  1.1013E-12  1.6000E+01 -1.0242E-11 -6.0053E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  167
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  168
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0394E+00 -2.6405E-03 -4.4546E-01 -9.3910E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  169
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9026E-03 -2.0845E-05 -5.6929E-04  9.8862E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  170
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     16 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.838637E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  171
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.358165E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  172
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     17 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  173
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.739659E-06
                    SYSTEM VOLUME            7.358537E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  174
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.301476E-12 ; STRAIN ENERGY :  7.828940E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  175
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  176
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.0611E-12 -2.2923E-12  1.3840E-12  1.6000E+01 -5.6999E-11 -7.9271E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  177
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  178
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.0396E+00  6.5608E-03  4.4600E-01  9.3908E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  179
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9430E-03 -2.4765E-05 -5.8228E-04  9.9259E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  180
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     17 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.828940E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  181
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.358537E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  182
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     18 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  183
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.739093E-06
                    SYSTEM VOLUME            7.357811E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  184
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.937652E-12 ; STRAIN ENERGY :  7.825523E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  185
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  186
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -3.9589E-13 -1.5728E-12 -1.3156E-12  1.6000E+01  7.0700E-11 -4.5052E-11
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  187
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 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  188
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.0412E+00 -2.6517E-03 -4.4962E-01 -9.3906E-01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  189
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     9.9041E-03 -2.2939E-05 -5.7413E-04  9.8874E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  190
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     18 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.825523E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  191
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             7.357811E+02  UB   7.350000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  192
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.063E-05 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:50  PAGE  193
 BEAD PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.0626E-02         0.0%
    1     1.0591E-02         0.0%
    2     1.0011E-02         0.0%
    3     9.1672E-03         0.7%
    4     9.0874E-03         0.0%
    5     8.8435E-03         0.0%
    6     8.5786E-03         0.0%
    7     8.3717E-03         0.0%
    8     8.2190E-03         0.0%
    9     8.1023E-03         0.0%
   10     8.0099E-03         0.0%
   11     7.9580E-03         0.0%
   12     7.9159E-03         0.1%
   13     7.8888E-03         0.1%
   14     7.8653E-03         0.1%
   15     7.8519E-03         0.1%
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   16     7.8386E-03         0.1%
   17     7.8289E-03         0.1%
   18     7.8255E-03         0.1%
1                            ***** END OF OUTPUT *****
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2.55 Design of Box Beam Modeled With Composite Quad4 
Elements - Use of  DVPROP4 and  Topography 
Optimization

Example ID:
D055         

Design Data Used:
DTGRID, DVAR, DLINK, DVPROP1, DRESP1, DRESP2, DEQATN, DOBJ, DCONS, DOPT 

Special Feature Used:
Usage of DTGRID data to create shape design data. Data provided demostrate a special case of  
using one and only one independant design variable per topography region,

Problem Statement:
Same as D044 example plus the top, right and left side of the structures are designeable using 
DTGRID data.

Design Problem:
Same as D044 example plus the top, right and left side of the structures are designeable using 
DTGRID data.
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Design Data Relationships:

Results:
The Final volume is 599.33 which is less than 629.00 obteinded in D044. This is expected since 
more design freedoms was added to the problem. 

DOPT 
DTGRID 
DVAR  DVPROP1  PCOMP 
DVAR  DVPROP4   PCOMP  
                 DRESP1  DOBJ  
                 DRESP2   DRESP1  DCONS   
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2.55.1 Input Data
ID D055
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = DESIGN OF CANTELEVERED BOX BEAM
SUBTITLE = 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES
ECHO=NONE
APRINT=FLAST
DPRINT=FLAST
LOADCASE 10
LABEL = STATIC LOAD
LOAD = 300
SPC = 100
$
$ ELEMENT SET FOR TOPOGRAPHY REGION
$
SET 2 = 12,22,32,42
SET 3 = 13,23,33,43
SET 4 = 15,25,35,45
$
BEGIN BULK
$
DOPT    40
$
$ --- DESIGN DATA
$
$ TOPOGRAPHY REGIONS
$
$ 1) ALLOW THE GRIDS TO MOVE +/-4.0 ON TOP, LEFT AND RIGHT
$    SIDES (DIMEN1=4.0).
$ 2) USE ONE DESIGN VARIABLE PER TOPOGRAPHY REGION (THIS IS ACHIVED
$    BY USING A LARGE MINIMUM BEAD VALUE (DIMEN2=300.0)
$
DTGRID  2       TOP     ESET    2       EDGE    BASIC
+       SHAPE   CONE    4.0     300.0
DTGRID  3       LEFT    ESET    3       EDGE    BASIC
+       SHAPE   CONE    4.0     300.0
DTGRID  4       RIGTH   ESET    4       EDGE    BASIC
+       SHAPE   CONE    4.0     300.0
$
$ DESIGN VARIABLES
$
$ ANGLES
$
DVAR    1       ANGL_1  45.0    1.0     89.0
DVAR    2       ANGL_2  -45.0   -89.0   -1.0
DVAR    3       ANGL_3  -45.0   -89.0   -1.0
DVAR    4       ANGL_4  45.0    1.0     89.0
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$
$ THICKNESSES
$
DVAR    11      THIC_11 4.0-1   0.01    1.25
DVAR    12      THIC_12 4.0-1   0.01    1.25
DVAR    13      THIC_13 4.0-1   0.01    1.25
DVAR    14      THIC_14 4.0-1   0.01    1.25
DVAR    15      THIC_15 4.0-1   0.01    1.25
DVAR    16      THIC_16 4.0-1   0.01    1.25
DVAR    17      THIC_17 4.0-1   0.01    1.25
DVAR    18      THIC_18 4.0-1   0.01    1.25
$
DVAR    21      THIC_21 4.0-1   0.01    1.25
DVAR    22      THIC_22 4.0-1   0.01    1.25
DVAR    23      THIC_23 4.0-1   0.01    1.25
DVAR    24      THIC_24 4.0-1   0.01    1.25
DVAR    25      THIC_25 4.0-1   0.01    1.25
DVAR    26      THIC_26 4.0-1   0.01    1.25
DVAR    27      THIC_27 4.0-1   0.01    1.25
DVAR    28      THIC_28 4.0-1   0.01    1.25
$
DVAR    31      THIC_31 4.0-1   0.01    1.25
DVAR    32      THIC_32 4.0-1   0.01    1.25
DVAR    33      THIC_33 4.0-1   0.01    1.25
DVAR    34      THIC_34 4.0-1   0.01    1.25
DVAR    35      THIC_35 4.0-1   0.01    1.25
DVAR    36      THIC_36 4.0-1   0.01    1.25
DVAR    37      THIC_37 4.0-1   0.01    1.25
DVAR    38      THIC_38 4.0-1   0.01    1.25
$
DVAR    41      THIC_41 4.0-1   0.01    1.25
DVAR    42      THIC_42 4.0-1   0.01    1.25
DVAR    43      THIC_43 4.0-1   0.01    1.25
DVAR    44      THIC_44 4.0-1   0.01    1.25
DVAR    45      THIC_45 4.0-1   0.01    1.25
DVAR    46      THIC_46 4.0-1   0.01    1.25
DVAR    47      THIC_47 4.0-1   0.01    1.25
DVAR    48      THIC_48 4.0-1   0.01    1.25
$
$ Z0 DEPENDENT DESIGN VARIABLES
$
DVAR    111     Z0_11   -0.8    -2.5    -0.02
DVAR    112     Z0_12   -0.8    -2.5    -0.02
DVAR    121     Z0_21   -0.8    -2.5    -0.02
DVAR    122     Z0_22   -0.8    -2.5    -0.02
DVAR    131     Z0_31   -0.8    -2.5    -0.02
DVAR    132     Z0_32   -0.8    -2.5    -0.02
DVAR    141     Z0_41   -0.8    -2.5    -0.02
DVAR    142     Z0_42   -0.8    -2.5    -0.02
$
$ LINK BETWEEN THICKNESSES AND ZO'S
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$
DLINK   111             -0.5    11      1.0     12      1.0     13      1.0
+       14      1.0
DLINK   112             -0.5    15      1.0     16      1.0     17      1.0
+       18      1.0
DLINK   121             -0.5    21      1.0     22      1.0     23      1.0
+       24      1.0
DLINK   122             -0.5    25      1.0     26      1.0     27      1.0
+       28      1.0
DLINK   131             -0.5    31      1.0     32      1.0     33      1.0
+       34      1.0
DLINK   132             -0.5    35      1.0     36      1.0     37      1.0
+       38      1.0
DLINK   141             -0.5    41      1.0     42      1.0     43      1.0
+       44      1.0
DLINK   142             -0.5    45      1.0     46      1.0     47      1.0
+       48      1.0
$
$ DESIGN VARIABLE TO PROPERTY RELATIONSHIPS
$
$ ANGLES AND THICKNESS TO PCOMPS RELATIONSHIPS
$
$1      2       3       4       5       6       7       8       9
DVPROP4 1       11
+        LAYER1         11
+        LAYER2         12                       1
+        LAYER3         13                       2
+        LAYER4         14
$
DVPROP4 2       12
+        LAYER1         15
+        LAYER2         16                       3
+        LAYER3         17                       4
+        LAYER4         18
$
DVPROP4 3       21
+        LAYER1         21
+        LAYER2         22                       1
+        LAYER3         23                       2
+        LAYER4         24
$
DVPROP4 4       22
+        LAYER1         25
+        LAYER2         26                       3
+        LAYER3         27                       4
+        LAYER4         28
$
DVPROP4 5       31
+        LAYER1         31
+        LAYER2         32                       1
+        LAYER3         33                       2
888 Design Examples Manual November 2009 GENESIS



+        LAYER4         34
$
DVPROP4 6       32
+        LAYER1         35
+        LAYER2         36                       3
+        LAYER3         37                       4
+        LAYER4         38
$
DVPROP4 7       41
+        LAYER1         41
+        LAYER2         42                       1
+        LAYER3         43                       2
+        LAYER4         44
$
DVPROP4 8       42
+        LAYER1         45
+        LAYER2         46                       3
+        LAYER3         47                       4
+        LAYER4         48
$
$ Z0 TO PCOMP RELATIONSHIPS
$
DVPROP1 111     11      4
+       111
DVPROP1 112     12      4
+       112
DVPROP1 121     21      4
+       121
DVPROP1 122     22      4
+       122
DVPROP1 131     31      4
+       131
DVPROP1 132     32      4
+       132
DVPROP1 141     41      4
+       141
DVPROP1 142     42      4
+       142
$
$ RESPONSES
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 901 AND 902
DRESP1  900     UZ_90X  DISP                    3       901     902
$
$ DISPLACEMENT IN DIRECTION 3 OF GRID 1001 AND 1002
DRESP1  1000    UZ-100X DISP                    3       1001    1002
$
$ SYSTEM VOLUME
DRESP1  1       OBJFUN  VOLUME
$
$ FAILURE INDEX
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DRESP1  2       S5      STRESS  PCOMP           1       11      12      21
+       22      31      32      41      42
$
$ LENGTH (JUST FOR MESURING)
DRESPG      2001DISTY   LENGTH                              1001    901
DRESPG      2002DISTZ   LENGTH                              1001    1002
$
$ EQUATION RESPONSE
DRESP2  3       ROTATION3
+       DRESP1  1000    900
DEQATN  3       F(UZ2,UZ1) = (UZ2 - UZ1)/10.0
$
$ OBJECTIVE FUNCTION - USE DEFAULT VALUES (MINIMIZE)
DOBJ    1
$
$ CONSTRAINTS
$
$ CONSTRAINTS - FAILURE INDEX
DCONS   2       ALL             1.
$
$ CONSTRAINTS - TORCIONAL ROTATION CAN NOT BE GREATER THAN 0.01
DCONS   3       ALL     -0.02   0.02
$
$ CONSTRAINTS - TORCIONAL ROTATION CAN NOT BE GREATER THAN 0.01
DCONS   2001    ALL     1.0
DCONS   2002    ALL     1.0
$
$ --- ANALYSIS DATA
$
$ GRIDS
$
GRID    101             0.0     0.0     0.0
GRID    201             0.0     10.0    0.0
GRID     301             25.0    0.0     0.0
GRID    401             25.0    10.0    0.0
GRID    501             50.0    0.0     0.0
GRID    601             50.0    10.0    0.0
GRID    701             75.0    0.0     0.0
GRID    801             75.0    10.0    0.0
GRID    901             100.0   0.0     0.0
GRID    1001            100.0   10.0    0.0
$
GRID    102             0.0     0.0     5.0
GRID    202             0.0     10.0    5.0
GRID    302             25.0    0.0     5.0
GRID    402             25.0    10.0    5.0
GRID    502             50.0    0.0     5.0
GRID    602             50.0    10.0    5.0
GRID    702             75.0    0.0     5.0
GRID    802             75.0    10.0    5.0
GRID    902             100.0   0.0     5.0
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GRID    1002            100.0   10.0    5.0
$
$ ELEMENTS
$
$ BOTTOM COMPOSITES
CQUAD4  11      11      101     201     401     301
CQUAD4  21      21      301     401     601     501
CQUAD4  31      31      501     601     801     701
CQUAD4  41      41      701     801     1001    901
$
$ TOP COMPOSITES
CQUAD4  12      12      102     202     402     302
CQUAD4  22      22      302     402     602     502
CQUAD4  32      32      502     602     802     702
CQUAD4  42      42      702     802     1002    902
$
$ LEFT SHELLS
CQUAD4  13      1       101     301     302     102
CQUAD4  23      1       301     501     502     302
CQUAD4  33      1       501     701     702     502
CQUAD4  43      1       701     901     902     702
$
$ RIGHT SHELLS
CQUAD4  15      1       201     401     402     202
CQUAD4  25      1       401     601     602     402
CQUAD4  35      1       601     801     802     602
CQUAD4  45      1       801     1001    1002    802
$
$ PROPERTIES
$
PCOMP   11      -0.0                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   12      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   21      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   22      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP   31      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
PCOMP   32      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
PCOMP    41      -0.8                    TSAI
+       1        0.4    90.0    YES     1        0.4    45.0    YES
+       1        0.4    -45.0   YES     1        0.4    0.0     YES
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PCOMP   42      -0.8                    TSAI
+       1        0.4    00.0    YES     1        0.4    -45.0   YES
+       1        0.4    45.0    YES     1        0.4    90.0    YES
$
PSHELL  1       1       0.3     1
$
$  MATERIALS
$       2       3       4       5       6       7       8       9
MAT8    1       1.070E7 5.4375E5 0.4    2.523E5 2.523E5 2.523E5 0.04
+                               2.426E5 -3.321E43.0305E3-1.986E41.203E5
$
$ BOUNDARY CONDITIONS AND LOADS
$
SPC1    100     123456  101     201     102     202
FORCE   300     1001            2000.   0.0     0.0     1.0
FORCE   300     1002            2000.   0.0     0.0     1.0
FORCE   300     901             2000.   0.0     0.0     1.0
FORCE   300     902             2000.   0.0     0.0     1.0
$
ENDDATA
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2.55.2 Output Data

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.2

                          BUILD CODE 200212110932 BETA

     PROJECT NAME: D055
     RUN STARTED:  Dec 11, 2002 14:52
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10
     LENVEC:        11000000

     INFORMATIONAL MESSAGE FROM SUBROUTINE     GN12RV

           48 DVPROP1 DATA WILL BE CREATED TO REPLACE
            8 DVPROP4 DATA.
     THE ID OF REPLACED DVPROP1 STARTS FROM THE NUMBER
          143 AND IS INCREMENTED BY 1.
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                                TOPOGRAPHY  SUMMARY

                  NUMBER OF TOPOGRAPHY REGIONS:                3
                  ADDED NUMBER OF INDEPENDENT VARIABLES:       3
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:             3
                  TOTAL NUMBER OF ADDED DVGRID DATA:         300
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    1
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                     20
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:          8
                   NUMBER OF CQUAD4->PCOMP ELEMENTS:           8
                   TOTAL NUMBER OF NON RIGID ELEMENTS:        16
                   NUMBER OF ELEMENT PROPERTIES:               9
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:              96

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      39
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       8
                  TOTAL NUMBER OF DESIGN VARIABLES:            47
                  NUMBER OF SHAPE DESIGN VARIABLES:             3
                  NUMBER OF DIRECT RESPONSES:                  39
                  NUMBER OF SYNTHETIC RESPONSES:                2
                  NUMBER OF POTENTIAL CONSTRAINTS:             72

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    2
 DESIGN OF CANTELEVERED BOX BEAM
894 Design Examples Manual November 2009 GENESIS



 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    3
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.403099E+02
                    SYSTEM VOLUME            3.507746E+03
                    SYSTEM MASS/VOLUME       4.000000E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    4
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       10 ; RESIDUAL :  8.557217E-14 ; STRAIN ENERGY :  2.310039E+04
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    5
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      10  0.0000E+00  0.0000E+00  8.0000E+03  3.9907E+04 -8.0000E+05  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    6
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      10  2.0736E-10  1.4013E-10 -8.0000E+03 -3.9907E+04  8.0000E+05  1.0016E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    7
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      10      901     2.0000E+03  0.0000E+00  0.0000E+00  2.0000E+03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    8
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      10      101     9.7482E+04 -8.4862E+04 -4.7943E+04 -1.6313E+03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE    9
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      10     1001     5.8787E+00  1.7837E-01  2.3037E-02  5.8760E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   10
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         2.017932E-02
       ROTATION         3    DISPLACEMENT       10        2         2.017932E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   11
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.507746E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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   -----------------------------------------------------------------------
          1     ANGL_1      1.000000E+00    4.500000E+01    8.900000E+01
          2     ANGL_2     -8.900000E+01   -4.500000E+01   -1.000000E+00
          3     ANGL_3     -8.900000E+01   -4.500000E+01   -1.000000E+00
          4     ANGL_4      1.000000E+00    4.500000E+01    8.900000E+01
         11     THIC_11     1.000000E-02    4.000000E-01    1.250000E+00
         12     THIC_12     1.000000E-02    4.000000E-01    1.250000E+00
         13     THIC_13     1.000000E-02    4.000000E-01    1.250000E+00
         14     THIC_14     1.000000E-02    4.000000E-01    1.250000E+00
         15     THIC_15     1.000000E-02    4.000000E-01    1.250000E+00
         16     THIC_16     1.000000E-02    4.000000E-01    1.250000E+00
         17     THIC_17     1.000000E-02    4.000000E-01    1.250000E+00
         18     THIC_18     1.000000E-02    4.000000E-01    1.250000E+00
         21     THIC_21     1.000000E-02    4.000000E-01    1.250000E+00
         22     THIC_22     1.000000E-02    4.000000E-01    1.250000E+00
         23     THIC_23     1.000000E-02    4.000000E-01    1.250000E+00
         24     THIC_24     1.000000E-02    4.000000E-01    1.250000E+00
         25     THIC_25     1.000000E-02    4.000000E-01    1.250000E+00
         26     THIC_26     1.000000E-02    4.000000E-01    1.250000E+00
         27     THIC_27     1.000000E-02    4.000000E-01    1.250000E+00
         28     THIC_28     1.000000E-02    4.000000E-01    1.250000E+00
         31     THIC_31     1.000000E-02    4.000000E-01    1.250000E+00
         32     THIC_32     1.000000E-02    4.000000E-01    1.250000E+00
         33     THIC_33     1.000000E-02    4.000000E-01    1.250000E+00
         34     THIC_34     1.000000E-02    4.000000E-01    1.250000E+00
         35     THIC_35     1.000000E-02    4.000000E-01    1.250000E+00
         36     THIC_36     1.000000E-02    4.000000E-01    1.250000E+00
         37     THIC_37     1.000000E-02    4.000000E-01    1.250000E+00
         38     THIC_38     1.000000E-02    4.000000E-01    1.250000E+00
         41     THIC_41     1.000000E-02    4.000000E-01    1.250000E+00
         42     THIC_42     1.000000E-02    4.000000E-01    1.250000E+00
         43     THIC_43     1.000000E-02    4.000000E-01    1.250000E+00
         44     THIC_44     1.000000E-02    4.000000E-01    1.250000E+00
         45     THIC_45     1.000000E-02    4.000000E-01    1.250000E+00
         46     THIC_46     1.000000E-02    4.000000E-01    1.250000E+00
         47     THIC_47     1.000000E-02    4.000000E-01    1.250000E+00
         48     THIC_48     1.000000E-02    4.000000E-01    1.250000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   12
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

  DESIGN VARIABLE

                        DEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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   -----------------------------------------------------------------------
        111     Z0_11      -2.500000E+00   -8.000000E-01   -2.000000E-02
        112     Z0_12      -2.500000E+00   -8.000000E-01   -2.000000E-02
        121     Z0_21      -2.500000E+00   -8.000000E-01   -2.000000E-02
        122     Z0_22      -2.500000E+00   -8.000000E-01   -2.000000E-02
        131     Z0_31      -2.500000E+00   -8.000000E-01   -2.000000E-02
        132     Z0_32      -2.500000E+00   -8.000000E-01   -2.000000E-02
        141     Z0_41      -2.500000E+00   -8.000000E-01   -2.000000E-02
        142     Z0_42      -2.500000E+00   -8.000000E-01   -2.000000E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   13
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        2001  LENGTH                    1.003117E+01  LB   1.000000E+00   I
        2002  LENGTH                    4.962877E+00  LB   1.000000E+00   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   14
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

  CONSTRAINT

                         FAILURE INDEX
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           11   45       10    7.087918E-01  UB   1.000000E+00   I
    QUAD4           12   45       10    7.747035E-01  UB   1.000000E+00   I
    QUAD4           21   45       10    5.242265E-01  UB   1.000000E+00   I
    QUAD4           22   45       10    8.307878E-01  UB   1.000000E+00   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   15
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 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

  CONSTRAINT

                         RESPONSE 2
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    ROTATION         3                  2.017932E-02  UB   2.000000E-02   V
    ROTATION         3                  2.017932E-02  UB   2.000000E-02   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   16
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         2.811366E-03
       ROTATION         3    DISPLACEMENT       10        2         2.811372E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   17
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         1.914817E-03
       ROTATION         3    DISPLACEMENT       10        2         1.903181E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   18
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         7.862974E-03
       ROTATION         3    DISPLACEMENT       10        2         7.856495E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   19
 DESIGN OF CANTELEVERED BOX BEAM
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 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         1.097255E-02
       ROTATION         3    DISPLACEMENT       10        2         1.097170E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   20
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         6.535146E-03
       ROTATION         3    DISPLACEMENT       10        2         6.532796E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   21
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         7.967163E-03
       ROTATION         3    DISPLACEMENT       10        2         7.965577E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   22
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         1.481878E-02
       ROTATION         3    DISPLACEMENT       10        2         1.481685E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   23
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1        -3.945818E-03
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       ROTATION         3    DISPLACEMENT       10        2        -3.947625E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   24
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1        -2.353984E-03
       ROTATION         3    DISPLACEMENT       10        2        -2.355293E-03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   25
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1        -5.223042E-04
       ROTATION         3    DISPLACEMENT       10        2        -5.235457E-04
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   26
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1        -1.355463E-04
       ROTATION         3    DISPLACEMENT       10        2        -1.364058E-04
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   27
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       ROTATION         3    DISPLACEMENT       10        1         3.493740E-05
       ROTATION         3    DISPLACEMENT       10        2         3.433139E-05
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   28
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               ********************************************
               *  D E S I G N  C Y C L E     12 (ANALYSIS)*
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               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   29
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.384085E+01
                    SYSTEM VOLUME            5.960212E+02
                    SYSTEM MASS/VOLUME       4.000000E-02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   30
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       10 ; RESIDUAL : -3.387384E-13 ; STRAIN ENERGY :  3.208198E+04
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   31
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      10  0.0000E+00  0.0000E+00  8.0000E+03  3.9907E+04 -8.0000E+05  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   32
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      10  3.4822E-10  2.8437E-11 -8.0000E+03 -3.9907E+04  8.0000E+05 -4.9114E-10
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   33
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      10      901     2.0000E+03  0.0000E+00  0.0000E+00  2.0000E+03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   34
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      10      101     6.8713E+04 -6.8595E+04 -3.2096E+03 -2.4317E+03
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   35
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      10     1001     8.0324E+00  4.4065E-01  1.4381E-02  8.0203E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   36
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

               ********************************************
               *  D E S I G N  C Y C L E     12 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.960212E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     ANGL_1      1.000000E+00    8.899412E+01    8.900000E+01
          2     ANGL_2     -8.900000E+01   -8.769558E+01   -1.000000E+00
          3     ANGL_3     -8.900000E+01   -1.432974E+01   -1.000000E+00
          4     ANGL_4      1.000000E+00    9.979937E+00    8.900000E+01
         11     THIC_11     1.000000E-02    1.633309E-01    1.250000E+00
         12     THIC_12     1.000000E-02    1.182935E-01    1.250000E+00
         13     THIC_13     1.000000E-02    2.735599E-02    1.250000E+00
         14     THIC_14     1.000000E-02    1.041939E-02    1.250000E+00
         15     THIC_15     1.000000E-02    1.000000E-02    1.250000E+00
         16     THIC_16     1.000000E-02    1.000000E-02    1.250000E+00
         17     THIC_17     1.000000E-02    1.000000E-02    1.250000E+00
         18     THIC_18     1.000000E-02    6.611959E-01    1.250000E+00
         21     THIC_21     1.000000E-02    1.220808E-01    1.250000E+00
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         22     THIC_22     1.000000E-02    5.816951E-02    1.250000E+00
         23     THIC_23     1.000000E-02    1.468556E-02    1.250000E+00
         24     THIC_24     1.000000E-02    3.473374E-02    1.250000E+00
         25     THIC_25     1.000000E-02    1.032431E-02    1.250000E+00
         26     THIC_26     1.000000E-02    1.000000E-02    1.250000E+00
         27     THIC_27     1.000000E-02    1.014794E-02    1.250000E+00
         28     THIC_28     1.000000E-02    5.101816E-01    1.250000E+00
         31     THIC_31     1.000000E-02    1.139493E-02    1.250000E+00
         32     THIC_32     1.000000E-02    1.141339E-02    1.250000E+00
         33     THIC_33     1.000000E-02    1.148057E-02    1.250000E+00
         34     THIC_34     1.000000E-02    1.000000E-02    1.250000E+00
         35     THIC_35     1.000000E-02    1.038569E-02    1.250000E+00
         36     THIC_36     1.000000E-02    1.000000E-02    1.250000E+00
         37     THIC_37     1.000000E-02    1.016093E-02    1.250000E+00
         38     THIC_38     1.000000E-02    2.523179E-01    1.250000E+00
         41     THIC_41     1.000000E-02    1.003179E-02    1.250000E+00
         42     THIC_42     1.000000E-02    1.003543E-02    1.250000E+00
         43     THIC_43     1.000000E-02    1.002496E-02    1.250000E+00
         44     THIC_44     1.000000E-02    1.003605E-02    1.250000E+00
         45     THIC_45     1.000000E-02    1.020899E-02    1.250000E+00
         46     THIC_46     1.000000E-02    1.018277E-02    1.250000E+00
         47     THIC_47     1.000000E-02    1.019219E-02    1.250000E+00
         48     THIC_48     1.000000E-02    1.025394E-02    1.250000E+00
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  DESIGN VARIABLE

                        DEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
        111     Z0_11      -2.500000E+00   -1.596999E-01   -2.000000E-02
        112     Z0_12      -2.500000E+00   -3.455980E-01   -2.000000E-02
        121     Z0_21      -2.500000E+00   -1.148348E-01   -2.000000E-02
        122     Z0_22      -2.500000E+00   -2.703269E-01   -2.000000E-02
        131     Z0_31      -2.500000E+00   -2.214444E-02   -2.000000E-02
        132     Z0_32      -2.500000E+00   -1.414322E-01   -2.000000E-02
        141     Z0_41      -2.500000E+00   -2.006411E-02   -2.000000E-02
        142     Z0_42      -2.500000E+00   -2.041894E-02   -2.000000E-02
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 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

  CONSTRAINT
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                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        2001  LENGTH                    4.581808E+00  LB   1.000000E+00   I
        2002  LENGTH                    5.754622E+00  LB   1.000000E+00   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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  CONSTRAINT

                         FAILURE INDEX
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           11   45       10    9.965827E-01  UB   1.000000E+00   A
    QUAD4           12   45       10    9.972361E-01  UB   1.000000E+00   A
    QUAD4           21   45       10    9.927514E-01  UB   1.000000E+00   A
    QUAD4           22   45       10    9.978292E-01  UB   1.000000E+00   A
    QUAD4           31   45       10    9.772374E-01  UB   1.000000E+00   A
    QUAD4           32   45       10    9.973122E-01  UB   1.000000E+00   A
    QUAD4           42   45       10    6.644343E-01  UB   1.000000E+00   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
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 BEEN LESS THAN 3.508E+00 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.5077E+03         0.9%
    1     2.0311E+03         0.0%
    2     1.0453E+03        19.1%
    3     8.6998E+02         0.6%
    4     7.0492E+02         7.8%
    5     6.6975E+02         3.8%
    6     6.3473E+02         3.7%
    7     6.1931E+02         2.7%
    8     6.0425E+02         7.7%
    9     6.0382E+02         0.0%
   10     6.0007E+02         0.0%
   11     5.9815E+02         0.0%
   12     5.9602E+02         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
                1             2             3             4            11
           ANGL_1        ANGL_2        ANGL_3        ANGL_4       THIC_11

    0     4.5000E+01   -4.5000E+01   -4.5000E+01    4.5000E+01    4.0000E-01
    1     4.6618E+01   -4.0480E+01   -4.0470E+01    4.6618E+01    3.9062E-01
    2     6.9926E+01   -6.0718E+01   -2.0240E+01    2.3310E+01    1.9609E-01
    3     8.1303E+01   -6.2761E+01   -2.5300E+01    1.7483E+01    1.8756E-01
    4     8.7697E+01   -5.8299E+01   -3.1625E+01    2.1854E+01    1.7055E-01
    5     8.6773E+01   -6.5587E+01   -2.7672E+01    1.9122E+01    1.7042E-01
    6     8.7074E+01   -7.3783E+01   -2.4213E+01    1.6732E+01    1.8619E-01
    7     8.9000E+01*  -7.1275E+01   -2.1200E+01    1.4652E+01    1.8495E-01
    8     8.4232E+01   -8.0185E+01   -1.8550E+01    1.2919E+01    1.6828E-01
    9     8.6220E+01   -8.4244E+01   -1.7391E+01    1.2112E+01    1.7496E-01
   10     8.7471E+01   -8.5511E+01   -1.6304E+01    1.1355E+01    1.7126E-01
   11     8.8460E+01   -8.7054E+01   -1.5285E+01    1.0645E+01    1.6850E-01
   12     8.8994E+01   -8.7696E+01   -1.4330E+01    9.9799E+00    1.6333E-01
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                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               12            13            14            15            16
          THIC_12       THIC_13       THIC_14       THIC_15       THIC_16

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     3.1016E-01    2.0055E-01    3.3912E-01    3.3949E-01    2.0055E-01
    2     1.5574E-01    1.0076E-01    1.7026E-01    1.7025E-01    1.0060E-01
    3     1.3628E-01    7.1034E-02    1.2062E-01    1.2079E-01    5.1095E-02
    4     1.1870E-01    3.5850E-02    7.4396E-02    7.2881E-02    1.0000E-02*
    5     1.2700E-01    4.8203E-02    4.9905E-02    4.8034E-02    1.0000E-02*
    6     1.4274E-01    3.1609E-02    2.5048E-02    2.3384E-02    1.0000E-02*
    7     1.4102E-01    1.1630E-02    1.5410E-02    1.0000E-02*   1.0000E-02*
    8     1.2544E-01    3.6571E-02    1.1015E-02    1.0014E-02    1.0000E-02*
    9     1.3124E-01    4.3357E-02    1.0000E-02*   1.0000E-02*   1.0000E-02*
   10     1.2681E-01    3.7647E-02    1.2259E-02    1.0000E-02*   1.0000E-02*
   11     1.2362E-01    3.3733E-02    1.1889E-02    1.0000E-02*   1.0000E-02*
   12     1.1829E-01    2.7356E-02    1.0419E-02    1.0000E-02*   1.0000E-02*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   44
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               17            18            21            22            23
          THIC_17       THIC_18       THIC_21       THIC_22       THIC_23

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     3.1093E-01    3.9061E-01    3.8259E-01    2.0253E-01    2.0818E-01
    2     1.5596E-01    4.1172E-01    1.9224E-01    1.0196E-01    1.0469E-01
    3     1.0651E-01    5.1465E-01    1.6997E-01    1.0311E-01    5.4972E-02
    4     6.3336E-02    6.4331E-01    1.5733E-01    7.5512E-02    1.4527E-02
    5     3.8450E-02    6.4004E-01    1.5884E-01    9.1204E-02    1.9492E-02
    6     1.3604E-02    6.6960E-01    1.3613E-01    7.0245E-02    3.5980E-02
    7     1.0000E-02*   6.7254E-01    1.5133E-01    8.5877E-02    4.2800E-02
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    8     1.0004E-02    7.0147E-01    1.4674E-01    8.5500E-02    4.2693E-02
    9     1.0000E-02*   6.8802E-01    1.3942E-01    7.6943E-02    3.3306E-02
   10     1.0000E-02*   6.7925E-01    1.3483E-01    7.1694E-02    2.7335E-02
   11     1.0000E-02*   6.7014E-01    1.2901E-01    6.5276E-02    2.1630E-02
   12     1.0000E-02*   6.6120E-01    1.2208E-01    5.8170E-02    1.4686E-02

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               24            25            26            27            28
          THIC_24       THIC_25       THIC_26       THIC_27       THIC_28

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     2.1880E-01    2.2053E-01    2.0818E-01    2.0253E-01    3.8266E-01
    2     1.0992E-01    1.1439E-01    1.0523E-01    1.0157E-01    3.5300E-01
    3     6.0104E-02    8.6398E-02    7.0505E-02    5.5869E-02    4.3407E-01
    4     4.4459E-02    4.6973E-02    2.3772E-02    1.4060E-02    4.9993E-01
    5     3.5332E-02    2.9514E-02    1.0000E-02*   1.0000E-02*   5.1059E-01
    6     4.2190E-02    1.0000E-02*   1.0000E-02*   1.0000E-02*   5.3069E-01
    7     5.4271E-02    1.8286E-02    1.0000E-02*   1.0177E-02    5.0668E-01
    8     3.7599E-02    1.1009E-02    1.0009E-02    1.0003E-02    5.2167E-01
    9     4.0241E-02    1.0069E-02    1.0027E-02    1.0055E-02    5.2176E-01
   10     3.2208E-02    1.0000E-02*   1.0000E-02*   1.0000E-02*   5.1811E-01
   11     2.8855E-02    1.0049E-02    1.0020E-02    1.0039E-02    5.1331E-01
   12     3.4734E-02    1.0324E-02    1.0000E-02*   1.0148E-02    5.1018E-01

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               31            32            33            34            35
          THIC_31       THIC_32       THIC_33       THIC_34       THIC_35

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     3.4212E-01    2.0055E-01    2.0057E-01    2.0523E-01    2.0523E-01
    2     1.7156E-01    1.0054E-01    1.0062E-01    1.0292E-01    1.0299E-01
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    3     1.3940E-01    6.6287E-02    7.0780E-02    8.1330E-02    5.5679E-02
    4     1.0821E-01    4.5411E-02    2.9774E-02    4.2333E-02    1.2795E-02
    5     8.9555E-02    5.6815E-02    1.0000E-02*   1.7530E-02    1.0780E-02
    6     6.7273E-02    3.4562E-02    1.2306E-02    1.1204E-02    1.1648E-02
    7     4.2654E-02    1.1328E-02    1.0417E-02    1.3746E-02    1.0860E-02
    8     4.3420E-02    1.3677E-02    1.0515E-02    1.1019E-02    1.0177E-02
    9     3.3902E-02    1.2545E-02    1.4462E-02    1.0000E-02*   1.0540E-02
   10     2.2943E-02    1.0880E-02    1.3889E-02    1.0000E-02*   1.0021E-02
   11     1.3806E-02    1.2817E-02    1.4422E-02    1.0000E-02*   1.0264E-02
   12     1.1395E-02    1.1413E-02    1.1481E-02    1.0000E-02*   1.0386E-02

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               36            37            38            41            42
          THIC_36       THIC_37       THIC_38       THIC_41       THIC_42

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     2.0057E-01    2.0055E-01    3.4201E-01    2.0954E-01    2.0056E-01
    2     1.0061E-01    1.0068E-01    1.7166E-01    1.0551E-01    1.0097E-01
    3     5.5405E-02    5.7027E-02    1.9095E-01    8.0882E-02    7.6659E-02
    4     1.2024E-02    1.3179E-02    2.2344E-01    5.5912E-02    5.2838E-02
    5     1.0000E-02*   1.0000E-02*   2.0609E-01    4.7362E-02    4.6663E-02
    6     1.0000E-02*   1.0453E-02    2.3177E-01    3.2163E-02    3.1271E-02
    7     1.0035E-02    1.0138E-02    2.5690E-01    1.5900E-02    1.5883E-02
    8     1.0037E-02    1.0081E-02    2.6241E-01    1.2986E-02    1.3278E-02
    9     1.0016E-02    1.0029E-02    2.6037E-01    1.0022E-02    1.0024E-02
   10     1.0000E-02*   1.0001E-02    2.5984E-01    1.0031E-02    1.0033E-02
   11     1.0013E-02    1.0038E-02    2.5725E-01    1.0025E-02    1.0023E-02
   12     1.0000E-02*   1.0161E-02    2.5232E-01    1.0032E-02    1.0035E-02

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               43            44            45            46            47
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          THIC_43       THIC_44       THIC_45       THIC_46       THIC_47

    0     4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01    4.0000E-01
    1     2.0057E-01    2.0056E-01    2.0056E-01    2.0057E-01    2.0056E-01
    2     1.0098E-01    1.0099E-01    1.0078E-01    1.0080E-01    1.0077E-01
    3     7.5851E-02    7.4703E-02    7.5126E-02    7.5839E-02    7.5755E-02
    4     5.1193E-02    4.8964E-02    5.0847E-02    5.3764E-02    5.2595E-02
    5     3.2946E-02    3.2571E-02    3.5105E-02    3.7459E-02    3.6979E-02
    6     1.7343E-02    3.1783E-02    2.7262E-02    2.4157E-02    2.5138E-02
    7     1.5383E-02    1.9587E-02    1.9432E-02    1.4717E-02    1.5755E-02
    8     1.0000E-02*   1.0571E-02    1.0312E-02    1.0016E-02    1.0088E-02
    9     1.0018E-02    1.0059E-02    1.0066E-02    1.0023E-02    1.0028E-02
   10     1.0027E-02    1.0067E-02    1.0056E-02    1.0024E-02    1.0022E-02
   11     1.0029E-02    1.0048E-02    1.0112E-02    1.0072E-02    1.0099E-02
   12     1.0025E-02    1.0036E-02    1.0209E-02    1.0183E-02    1.0192E-02

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
               48           111           112           121           122
          THIC_48         Z0_11         Z0_12         Z0_21         Z0_22

    0     4.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01
    1     2.0954E-01   -6.2023E-01   -6.2079E-01   -5.0605E-01   -5.0695E-01
    2     1.0531E-01   -3.1143E-01   -4.1926E-01   -2.5441E-01   -3.3709E-01
    3     8.0378E-02   -2.5774E-01   -3.9652E-01   -1.9408E-01   -3.2342E-01
    4     5.0513E-02   -1.9975E-01   -3.9476E-01   -1.4591E-01   -2.9237E-01
    5     4.8747E-02   -1.9777E-01   -3.6826E-01   -1.5243E-01   -2.8005E-01
    6     3.2862E-02   -1.9279E-01   -3.5829E-01   -1.4227E-01   -2.8034E-01
    7     1.0546E-02   -1.7650E-01   -3.5127E-01   -1.6714E-01   -2.7257E-01
    8     1.0104E-02   -1.7065E-01   -3.6574E-01   -1.5627E-01   -2.7635E-01
    9     1.0015E-02   -1.7978E-01   -3.5901E-01   -1.4495E-01   -2.7595E-01
   10     1.0028E-02   -1.7399E-01   -3.5463E-01   -1.3303E-01   -2.7405E-01
   11     1.0000E-02*  -1.6887E-01   -3.5007E-01   -1.2238E-01   -2.7171E-01
   12     1.0254E-02   -1.5970E-01   -3.4560E-01   -1.1483E-01   -2.7033E-01

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:52  PAGE   50
 DESIGN OF CANTELEVERED BOX BEAM
 32 THIKNESSES, 4 ANGLES AND 3 TOPOGRAPHY DESIGN VARIABLES
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE
              131           132           141           142
            Z0_31         Z0_32         Z0_41         Z0_42

    0    -8.0000E-01   -8.0000E-01   -8.0000E-01   -8.0000E-01
    1    -4.7424E-01   -4.7419E-01   -4.0561E-01   -4.0561E-01
    2    -2.3782E-01   -2.3797E-01   -2.0423E-01   -2.0383E-01
    3    -1.7890E-01   -1.7953E-01   -1.5405E-01   -1.5355E-01
    4    -1.1286E-01   -1.3072E-01   -1.0445E-01   -1.0386E-01
    5    -8.6950E-02   -1.1844E-01   -7.9771E-02   -7.9145E-02
    6    -6.2673E-02   -1.3193E-01   -5.6280E-02   -5.4710E-02
    7    -3.9073E-02   -1.4397E-01   -3.3377E-02   -3.0225E-02
    8    -3.9315E-02   -1.4635E-01   -2.3417E-02   -2.0259E-02
    9    -3.5454E-02   -1.4548E-01   -2.0062E-02   -2.0066E-02
   10    -2.8856E-02   -1.4493E-01   -2.0079E-02   -2.0065E-02
   11    -2.5523E-02   -1.4378E-01   -2.0063E-02   -2.0141E-02
   12    -2.2144E-02   -1.4143E-01   -2.0064E-02   -2.0419E-02
1                            ***** END OF OUTPUT *****
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2.56 Six Bead Pattern optimization using Topography 
Optimization

Example ID:
D056        

Design Data Used:
DTGRID, DRESP1, DRESPG, DOBJ, DCONS , DOPT

Special Feature Used:
DTGRID data to automatically create shape design data. Data provided demostrate a special  case 
where all grid in each of six designable region are controlled by one design varialbe. DRESPG 
data to enforce symmetry conditions.

Problem Statement:
Minimize the strain energy of the plate structure shown bellow, subject to a  volume contraint so 
that the final volume should not be greater than 600.00. The final answer should be symmetric 
with respect to plane the cut perpendiculary the midle of the structure along the long side of it. 
There is one static loadcase. 

Design Problem: 
Minimize Strain Energy.

1. 1 topography region (1 DTGRID data entry) 
2. 6 independent design variables (automatically created by DTGRID Data)
3. 492 perturbation vectors  (automatically created by DTGRID Data)
4. 9 Geometric responses to enforce symmetry (DRESPG with DISTZ)
5. 1 static load case
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6. 1 volume constraint.

Design Data Relationships: 

Results: 
The Final strain energy is 299.4 . The final volume  is 511.00. All geometric constraints are active 
with  values close to zero, which means that symmetry conditions are satisfied.
 

 
D O P T  
D T G R ID  
D R E S P 1   D O B J   
D R E S P 1    D C O N S  
D R E S P G   D C O N S  
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2.56.1 Input Data
ID D056B
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
$ ELEMENT SET
SET 2001 =      19,      59,      99,     139,     179,     219,     259,
               299,     339,     379,     419,     459,     499,     539,
               579,     619,     659,     699,     739,     779,     819,
               859,     899,     939,     979,    1019,    1059,    1099,
              1139,    1179,    1219,    1259,    1299,    1339,    1379,
              1419,    1459,    1499,    1539,    1579
$ ELEMENT SET
SET 2002 =      16,      56,      96,     136,     176,     216,     256,
               296,     336,     376,     416,     456,     496,     536,
               576,     616,     656,     696,     736,     776,     816,
               856,     896,     936,     976,    1016,    1056,    1096,
              1136,    1176,    1216,    1256,    1296,    1336,    1376,
              1416,    1456,    1496,    1536,    1576
$ ELEMENT SET
SET 2003 =      13,      53,      93,     133,     173,     213,     253,
               293,     333,     373,     413,     453,     493,     533,
               573,     613,     653,     693,     733,     773,     813,
               853,     893,     933,     973,    1013,    1053,    1093,
              1133,    1173,    1213,    1253,    1293,    1333,    1373,
              1413,    1453,    1493,    1533,    1573
$ ELEMENT SET
SET 2004 =      10,      50,      90,     130,     170,     210,     250,
               290,     330,     370,     410,     450,     490,     530,
               570,     610,     650,     690,     730,     770,     810,
               850,     890,     930,     970,    1010,    1050,    1090,
              1130,    1170,    1210,    1250,    1290,    1330,    1370,
              1410,    1450,    1490,    1530,    1570
$ ELEMENT SET
SET 2005 =       7,      47,      87,     127,     167,     207,     247,
               287,     327,     367,     407,     447,     487,     527,
               567,     607,     647,     687,     727,     767,     807,
               847,     887,     927,     967,    1007,    1047,    1087,
              1127,    1167,    1207,    1247,    1287,    1327,    1367,
              1407,    1447,    1487,    1527,    1567
$ ELEMENT SET
SET 2006 =       4,      44,      84,     124,     164,     204,     244,
               284,     324,     364,     404,     444,     484,     524,
               564,     604,     644,     684,     724,     764,     804,
               844,     884,     924,     964,    1004,    1044,    1084,
              1124,    1164,    1204,    1244,    1284,    1324,    1364,
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              1404,    1444,    1484,    1524,    1564
LOADCASE       20
   LABEL=BENDING
   SPC    =     200
   LOAD   =     200
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ TOPOGRAPHY REGIONS
$
$ 1) DESIGN ALL GRID ASSOCIATED TO EACH ELEMENT SET
$    ALLOWI THE EDGES TO MOVE (EDEGEM=EDGE)
$ 2) MAXIMUM DIMEN1 = 1.00
$ 3) USE A LARGE DIMEN2 (100.0) TO FORCE THE USE OF ONE DESIGN VARIABLE
$    PER TOPOGRAPHY REGION. THIS PRODUCES BEAD PATTERNS WITH  CONSTANT
$    HEIGHTS
$ 4) ALLOW GRIDS TO MOVE ONLY ON POSITIVE SIDE OF PLATE (LB=0.0)
$
$
DTGRID  1       T_BEAD1 ESET    2001    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  2       T_BEAD2 ESET    2002    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  3       T_BEAD3 ESET    2003    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  4       T_BEAD4 ESET    2004    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  5       T_BEAD5 ESET    2005    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  6       T_BEAD6 ESET    2006    EDGE
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
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DRESPG  1001    DISTZ   DISTZ                           2099    2117
DRESPG  1002    DISTZ   DISTZ                           2100    2116
DRESPG  1003    DISTZ   DISTZ                           2101    2115
DRESPG  1004    DISTZ   DISTZ                           2102    2114
DRESPG  1005    DISTZ   DISTZ                           2103    2113
DRESPG  1006    DISTZ   DISTZ                           2104    2112
DRESPG  1007    DISTZ   DISTZ                           2105    2111
DRESPG  1008    DISTZ   DISTZ                           2106    2110
DRESPG  1009    DISTZ   DISTZ                           2107    2109
$
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS - VOLUME
DCONS   200                     600.00
$
$ CONSTRAINTS - DISTANCE FOR SYMMETRY
DCONS   1001                    0.001
DCONS   1002                    0.001
DCONS   1003                    0.001
DCONS   1004                    0.001
DCONS   1005                    0.001
DCONS   1006                    0.001
DCONS   1007                    0.001
DCONS   1008                    0.001
DCONS   1009                    0.001
$
$
$  --- ANALYSIS DATA ---
PSHELL         4       1     0.6       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
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CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
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CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
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CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
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CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
920 Design Examples Manual November 2009 GENESIS



CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
GENESIS November 2009 Design Examples Manual 921



CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
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CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
CQUAD4       819       4    1295    1336    1337    1296
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CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
924 Design Examples Manual November 2009 GENESIS



CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
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CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
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CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
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CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
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CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
CQUAD4      1452       4    1944    1985    1986    1945
CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
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CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
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GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
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GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
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GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
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GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
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GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
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GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
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GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
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GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
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GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
GRID        1419        23.0000019.00000    0.0
GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
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GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
GRID        1532        26.000009.000000    0.0
GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
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GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
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GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
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GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
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GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
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GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
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GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2099        1.000000    0.0     0.0  1.0000
FORCE        200    2100        1.000000    0.0     0.0  2.0000
FORCE        200    2101        1.000000    0.0     0.0  2.0000
FORCE        200    2102        1.000000    0.0     0.0  2.0000
FORCE        200    2103        1.000000    0.0     0.0  2.0000
FORCE        200    2104        1.000000    0.0     0.0  2.0000
FORCE        200    2105        1.000000    0.0     0.0  2.0000
FORCE        200    2106        1.000000    0.0     0.0  2.0000
FORCE        200    2107        1.000000    0.0     0.0  2.0000
FORCE        200    2108        1.000000    0.0     0.0  2.0000
FORCE        200    2109        1.000000    0.0     0.0  2.0000
FORCE        200    2110        1.000000    0.0     0.0  2.0000
FORCE        200    2111        1.000000    0.0     0.0  2.0000
FORCE        200    2112        1.000000    0.0     0.0  2.0000
FORCE        200    2113        1.000000    0.0     0.0  2.0000
FORCE        200    2114        1.000000    0.0     0.0  2.0000
FORCE        200    2115        1.000000    0.0     0.0  2.0000
FORCE        200    2116        1.000000    0.0     0.0  2.0000
FORCE        200    2117        1.000000    0.0     0.0  1.0000
$
ENDDATA
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2.56.2 Output Data
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.2

                          BUILD CODE 200212110932 BETA

     PROJECT NAME: D056                
     RUN STARTED:  Dec 11, 2002 16:11
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10               
     LENVEC:        11000000

                                TOPOGRAPHY  SUMMARY         
                    
                  NUMBER OF TOPOGRAPHY REGIONS:                6
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                  ADDED NUMBER OF INDEPENDENT VARIABLES:       6
                  ADDED NUMBER OF DEPENDENT VARIABLES:       492
                  TOTAL NUMBER OF ADDED DVAR DATA:           498
                  TOTAL NUMBER OF ADDED DVGRID DATA:         492
                  TOTAL NUMBER OF ADDED DLINK DATA:          492
                  ADDED NUMBER DLINK COEFFICIENTS:           492
      

     WARNING MESSAGE FROM SUBROUTINE "GN16SH".
     WARNING CODE = 160126
     ALL GRIDS REFERENCED BY DRESPG NUMBER     1001 ARE
     NOT INVOLVED IN THE SHAPE DESIGN PROBLEM, I.E. ARE NOT
     REFERENCED BY DVGRID ENTRIES.

     WARNING MESSAGE FROM SUBROUTINE "GN16SH".
     WARNING CODE = 160126
     ALL GRIDS REFERENCED BY DRESPG NUMBER     1004 ARE
     NOT INVOLVED IN THE SHAPE DESIGN PROBLEM, I.E. ARE NOT
     REFERENCED BY DVGRID ENTRIES.

     WARNING MESSAGE FROM SUBROUTINE "GN16SH".
     WARNING CODE = 160126
     ALL GRIDS REFERENCED BY DRESPG NUMBER     1007 ARE
     NOT INVOLVED IN THE SHAPE DESIGN PROBLEM, I.E. ARE NOT
     REFERENCED BY DVGRID ENTRIES.

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    1
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    779
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        720
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       720
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            4662

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SEN     
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                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       6
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:     492
                  TOTAL NUMBER OF DESIGN VARIABLES:           498
                  NUMBER OF SHAPE DESIGN VARIABLES:           492
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    2
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    3
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.369803E-06
                    SYSTEM VOLUME            4.320260E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    4
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -6.667473E-11 ; STRAIN ENERGY :  4.952544E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    5
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    6
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  9.5485E-12 -7.3807E-11 -3.6000E+01 -3.9600E+02  1.4400E+03 -5.7680E-10
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    7
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    8
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.5214E+01  5.4431E-02 -1.7657E+01 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE    9
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.7531E+01  4.3235E-03 -1.0939E-03  2.7531E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   10
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.952544E+02
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     2.369703E-03  UB   1.000000E-03   V
        1003  DISTZ                     2.369703E-03  UB   1.000000E-03   V
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     1.845123E-02  UB   1.000000E-03   V
        1006  DISTZ                     1.845123E-02  UB   1.000000E-03   V
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     5.322929E-03  UB   1.000000E-03   V
        1009  DISTZ                     5.322929E-03  UB   1.000000E-03   V
    VOLUME           0  SYS             4.320260E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   12
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   13
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.369796E-06
                    SYSTEM VOLUME            4.320251E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   14
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  1.998457E-10 ; STRAIN ENERGY :  4.953047E+02
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   15
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   16
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.2080E-11  8.2768E-11 -3.6000E+01 -3.9600E+02  1.4400E+03  4.0416E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   17
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   18
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.6184E+01 -5.5620E-03 -1.9016E+01 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   19
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.7533E+01  4.6838E-03 -3.3735E-04  2.7533E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   20
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.953047E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   21
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     3.181183E-04  UB   1.000000E-03   I
        1003  DISTZ                     3.181183E-04  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     9.962569E-04  UB   1.000000E-03   A
        1006  DISTZ                     9.962569E-04  UB   1.000000E-03   A
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.937365E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.937365E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.320251E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   22
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      2 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   23
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y
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                    SYSTEM MASS              3.403354E-06
                    SYSTEM VOLUME            4.363274E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   24
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.224666E-10 ; STRAIN ENERGY :  4.557142E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   25
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   26
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -5.6022E-11  7.6874E-11 -3.6000E+01 -3.9600E+02  1.4400E+03  2.2535E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   27
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   28
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.0349E+02 -5.5086E-03 -2.0269E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   29
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.5330E+01  5.6200E-02 -1.9753E-04  2.5330E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   30
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      2 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.557142E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   31
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     3.593053E-04  UB   1.000000E-03   I
        1003  DISTZ                     3.593053E-04  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     8.886004E-05  UB   1.000000E-03   I
        1006  DISTZ                     8.886004E-05  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     8.693072E-04  UB   1.000000E-03   I
        1009  DISTZ                     8.693072E-04  UB   1.000000E-03   I
    VOLUME           0  SYS             4.363274E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   32
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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               ********************************************
               *  D E S I G N  C Y C L E      3 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   33
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.492053E-06
                    SYSTEM VOLUME            4.476991E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   34
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.156091E-10 ; STRAIN ENERGY :  3.945123E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   35
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   36
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.4748E-09  1.7843E-09 -3.6000E+01 -3.9600E+02  1.4400E+03  8.6621E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   37
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   38
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.9018E+02 -4.1173E-03 -2.8962E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   39
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2107     2.1926E+01 -1.8064E-01 -4.1826E-04  2.1925E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   40
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      3 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.945123E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   41
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     3.580682E-04  UB   1.000000E-03   I
        1003  DISTZ                     3.580682E-04  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     1.957918E-08  UB   1.000000E-03   I
        1006  DISTZ                     1.957918E-08  UB   1.000000E-03   I
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        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     8.630816E-04  UB   1.000000E-03   I
        1009  DISTZ                     8.630816E-04  UB   1.000000E-03   I
    VOLUME           0  SYS             4.476991E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   42
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      4 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   43
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.626792E-06
                    SYSTEM VOLUME            4.649733E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   44
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.172005E-10 ; STRAIN ENERGY :  3.489604E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   45
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   46
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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      20  4.3755E-10 -2.0051E-09 -3.6000E+01 -3.9600E+02  1.4400E+03 -6.8497E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   47
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   48
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     3.0347E+02 -2.5455E-03 -3.0294E+02 -1.8001E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   49
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2107     1.9393E+01 -2.4475E-01 -4.2728E-04  1.9391E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   50
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      4 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.489604E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   51
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
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                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     3.568139E-04  UB   1.000000E-03   I
        1003  DISTZ                     3.568139E-04  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     5.964645E-09  UB   1.000000E-03   I
        1006  DISTZ                     5.964645E-09  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     8.590826E-04  UB   1.000000E-03   I
        1009  DISTZ                     8.590826E-04  UB   1.000000E-03   I
    VOLUME           0  SYS             4.649733E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   52
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      5 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   53
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.798959E-06
                    SYSTEM VOLUME            4.870460E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   54
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.093755E-10 ; STRAIN ENERGY :  3.189518E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   55
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   56
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -9.8109E-10 -1.5254E-11 -3.6000E+01 -3.9600E+02  1.4400E+03  4.5728E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   57
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   58
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.8337E+02 -1.3805E-03 -2.8280E+02 -1.8001E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   59
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2107     1.7725E+01 -3.0822E-01 -4.4778E-04  1.7722E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   60
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      5 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  3.189518E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   61
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     3.559415E-04  UB   1.000000E-03   I
        1003  DISTZ                     3.559415E-04  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.095178E-10  UB   1.000000E-03   I
        1006  DISTZ                     4.095178E-10  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     8.590826E-04  UB   1.000000E-03   I
        1009  DISTZ                     8.590826E-04  UB   1.000000E-03   I
    VOLUME           0  SYS             4.870460E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   62
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      6 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   63
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.986264E-06
                    SYSTEM VOLUME            5.110595E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   64
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S
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 LOADCASE       20 ; RESIDUAL : -6.314016E-10 ; STRAIN ENERGY :  2.993771E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   65
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   66
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -2.4436E-10  1.1497E-09 -3.6000E+01 -3.9600E+02  1.4400E+03  8.3175E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   67
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   68
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     2.5364E+02 -4.0959E-06  2.5300E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   69
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2109     1.6638E+01 -3.6513E-01  4.8679E-04  1.6634E+01
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   70
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      6 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.993771E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   71
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     2.757951E-06  UB   1.000000E-03   I
        1003  DISTZ                     2.757951E-06  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     9.234414E-08  UB   1.000000E-03   I
        1006  DISTZ                     9.234414E-08  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     2.025168E-05  UB   1.000000E-03   I
        1009  DISTZ                     2.025168E-05  UB   1.000000E-03   I
    VOLUME           0  SYS             5.110595E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   72
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   73
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.986265E-06
                    SYSTEM VOLUME            5.110596E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   74
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  2.039720E-10 ; STRAIN ENERGY :  2.993978E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   75
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   76
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  2.0595E-10 -1.2241E-09 -3.6000E+01 -3.9600E+02  1.4400E+03 -2.6789E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   77
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   78
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20      459     2.5362E+02  5.1276E-09  2.5298E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   79
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2109     1.6639E+01 -3.6533E-01  4.8703E-04  1.6635E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   80
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      7 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.993978E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   81
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     5.648059E-10  UB   1.000000E-03   I
        1003  DISTZ                     5.648059E-10  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     3.084475E-09  UB   1.000000E-03   I
        1006  DISTZ                     3.084475E-09  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     2.050385E-08  UB   1.000000E-03   I
        1009  DISTZ                     2.050385E-08  UB   1.000000E-03   I
    VOLUME           0  SYS             5.110596E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   82
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      8 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   83
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.986264E-06
                    SYSTEM VOLUME            5.110595E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   84
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -6.846142E-10 ; STRAIN ENERGY :  2.993978E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   85
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   86
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.8552E-09 -2.5096E-09 -3.6000E+01 -3.9600E+02  1.4400E+03 -9.7355E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   87
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   88
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     2.5362E+02 -4.9660E-09 -2.5298E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   89
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2107     1.6639E+01 -3.6533E-01 -4.8703E-04  1.6635E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   90
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      8 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.993978E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   91
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         DRESPG              
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     9.699230E-09  UB   1.000000E-03   I
        1003  DISTZ                     9.699230E-09  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
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        1005  DISTZ                     4.108645E-10  UB   1.000000E-03   I
        1006  DISTZ                     4.108645E-10  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     4.562508E-08  UB   1.000000E-03   I
        1009  DISTZ                     4.562508E-08  UB   1.000000E-03   I
    VOLUME           0  SYS             5.110595E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   92
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.953E-01 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 16:11  PAGE   93
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY OPTIMIZATION            
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.9525E+02       999.9%
    1     4.9530E+02         0.0%
    2     4.5571E+02         0.0%
    3     3.9451E+02         0.0%
    4     3.4896E+02         0.0%
    5     3.1895E+02         0.0%
    6     2.9938E+02         0.0%
    7     2.9940E+02         0.0%
    8     2.9940E+02         0.0%
 ***** THERE WERE        3 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.57 Six Bead Patterns and Curvature Optimization Using 
Topography Optimization and Domain

Example ID:
D057        

Design Data Used:
DTGRID, DVAR, DOMAIN, DVGRIDC, DRESP1, DRESPG, DOBJ, DCONS , DOPT

Special Feature Used:
DTGRID  and DOMAIN data to automatically generate shape design data .  DRESPG data to 
enforce symmetry conditions. 
The DOMAIN is used to design an overall curvature, while the DTGRID are used to design bead 
patterns along the long side of the structure.

Problem Statement:
Same as D056. But here there are more design freedom. In this case the overall curvature a long 
the short side of the structure can be designed 

Design Problem: 
Minimize Strain Energy.

1. 1 topography region (6 DTGRID data entry) 
2. 1 DOMAIN element
3. 7 independent design variable (6 automatically created by DTGRID Data)
4. 492 perturbation vectors  (automatically created by DTGRID Data)
5. 2 perturbation vectors for DOMAINs.
6. 9 Geometric responses to enforce symmetry (DRESPG with DISTZ)
7. 1 static load case
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8. 1 volume constraint.

Design Data Relationships: 

Results: 
The Final strain energy is 281.1 . The final volume  is 527.6. All geometric constraints are active 
with  values close to zero, which means that symmetry conditions are satisfied.
 

 
D O P T  
D T G R I D  
D O M A I N  
D V G R I D C  D V A R   
D R E S P 1      D O B J   
D R E S P 1       D C O N S  
D R E S P G      D C O N S  
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2.57.1 Input Data
ID D057
CEND
SSOLID=YES,FIXNORM
LINE = 64,80
TITLE = SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
PERTURBATION = POST
$ NODE SET
SET  100 =     459,     460,     461,     462,     463,     464,     465,
               466,     467,     468,     469,     470,     471,     472,
               473,     474,     475,     476,     477,     500,     501,
               502,     503,     504,     505,     506,     507,     508,
               509,     510,     511,     512,     513,     514,     515,
               516,     517,     518,     541,     542,     543,     544,
               545,     546,     547,     548,     549,     550,     551,
               552,     553,     554,     555,     556,     557,     558,
               559,     582,     583,     584,     585,     586,     587,
               588,     589,     590,     591,     592,     593,     594,
               595,     596,     597,     598,     599,     600,     623,
               624,     625,     626,     627,     628,     629,     630,
               631,     632,     633,     634,     635,     636,     637,
               638,     639,     640,     641,     664,     665,     666,
               667,     668,     669,     670,     671,     672,     673,
               674,     675,     676,     677,     678,     679,     680,
               681,     682,     705,     706,     707,     708,     709,
               710,     711,     712,     713,     714,     715,     716,
               717,     718,     719,     720,     721,     722,     723,
               746,     747,     748,     749,     750,     751,     752,
               753,     754,     755,     756,     757,     758,     759,
               760,     761,     762,     763,     764,     787,     788,
               789,     790,     791,     792,     793,     794,     795,
               796,     797,     798,     799,     800,     801,     802,
               803,     804,     805,     828,     829,     830,     831,
               832,     833,     834,     835,     836,     837,     838,
               839,     840,     841,     842,     843,     844,     845,
               846,     869,     870,     871,     872,     873,     874,
               875,     876,     877,     878,     879,     880,     881,
               882,     883,     884,     885,     886,     887,     910,
               911,     912,     913,     914,     915,     916,     917,
               918,     919,     920,     921,     922,     923,     924,
               925,     926,     927,     928,     951,     952,     953,
               954,     955,     956,     957,     958,     959,     960,
               961,     962,     963,     964,     965,     966,     967,
               968,     969,     992,     993,     994,     995,     996,
               997,     998,     999,    1000,    1001,    1002,    1003,
              1004,    1005,    1006,    1007,    1008,    1009,    1010,
              1033,    1034,    1035,    1036,    1037,    1038,    1039,
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              1040,    1041,    1042,    1043,    1044,    1045,    1046,
              1047,    1048,    1049,    1050,    1051,    1074,    1075,
              1076,    1077,    1078,    1079,    1080,    1081,    1082,
              1083,    1084,    1085,    1086,    1087,    1088,    1089,
              1090,    1091,    1092,    1115,    1116,    1117,    1118,
              1119,    1120,    1121,    1122,    1123,    1124,    1125,
              1126,    1127,    1128,    1129,    1130,    1131,    1132,
              1133,    1156,    1157,    1158,    1159,    1160,    1161,
              1162,    1163,    1164,    1165,    1166,    1167,    1168,
              1169,    1170,    1171,    1172,    1173,    1174,    1197,
              1198,    1199,    1200,    1201,    1202,    1203,    1204,
              1205,    1206,    1207,    1208,    1209,    1210,    1211,
              1212,    1213,    1214,    1215,    1238,    1239,    1240,
              1241,    1242,    1243,    1244,    1245,    1246,    1247,
              1248,    1249,    1250,    1251,    1252,    1253,    1254,
              1255,    1256,    1279,    1280,    1281,    1282,    1283,
              1284,    1285,    1286,    1287,    1288,    1289,    1290,
              1291,    1292,    1293,    1294,    1295,    1296,    1297,
              1320,    1321,    1322,    1323,    1324,    1325,    1326,
              1327,    1328,    1329,    1330,    1331,    1332,    1333,
              1334,    1335,    1336,    1337,    1338,    1361,    1362,
              1363,    1364,    1365,    1366,    1367,    1368,    1369,
              1370,    1371,    1372,    1373,    1374,    1375,    1376,
              1377,    1378,    1379,    1402,    1403,    1404,    1405,
              1406,    1407,    1408,    1409,    1410,    1411,    1412,
              1413,    1414,    1415,    1416,    1417,    1418,    1419,
              1420,    1443,    1444,    1445,    1446,    1447,    1448,
              1449,    1450,    1451,    1452,    1453,    1454,    1455,
              1456,    1457,    1458,    1459,    1460,    1461,    1484,
              1485,    1486,    1487,    1488,    1489,    1490,    1491,
              1492,    1493,    1494,    1495,    1496,    1497,    1498,
              1499,    1500,    1501,    1502,    1525,    1526,    1527,
              1528,    1529,    1530,    1531,    1532,    1533,    1534,
              1535,    1536,    1537,    1538,    1539,    1540,    1541,
              1542,    1543,    1566,    1567,    1568,    1569,    1570,
              1571,    1572,    1573,    1574,    1575,    1576,    1577,
              1578,    1579,    1580,    1581,    1582,    1583,    1584,
              1607,    1608,    1609,    1610,    1611,    1612,    1613,
              1614,    1615,    1616,    1617,    1618,    1619,    1620,
              1621,    1622,    1623,    1624,    1625,    1648,    1649,
              1650,    1651,    1652,    1653,    1654,    1655,    1656,
              1657,    1658,    1659,    1660,    1661,    1662,    1663,
              1664,    1665,    1666,    1689,    1690,    1691,    1692,
              1693,    1694,    1695,    1696,    1697,    1698,    1699,
              1700,    1701,    1702,    1703,    1704,    1705,    1706,
              1707,    1730,    1731,    1732,    1733,    1734,    1735,
              1736,    1737,    1738,    1739,    1740,    1741,    1742,
              1743,    1744,    1745,    1746,    1747,    1748,    1771,
              1772,    1773,    1774,    1775,    1776,    1777,    1778,
              1779,    1780,    1781,    1782,    1783,    1784,    1785,
              1786,    1787,    1788,    1789,    1812,    1813,    1814,
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              1815,    1816,    1817,    1818,    1819,    1820,    1821,
              1822,    1823,    1824,    1825,    1826,    1827,    1828,
              1829,    1830,    1853,    1854,    1855,    1856,    1857,
              1858,    1859,    1860,    1861,    1862,    1863,    1864,
              1865,    1866,    1867,    1868,    1869,    1870,    1871,
              1894,    1895,    1896,    1897,    1898,    1899,    1900,
              1901,    1902,    1903,    1904,    1905,    1906,    1907,
              1908,    1909,    1910,    1911,    1912,    1935,    1936,
              1937,    1938,    1939,    1940,    1941,    1942,    1943,
              1944,    1945,    1946,    1947,    1948,    1949,    1950,
              1951,    1952,    1953,    1976,    1977,    1978,    1979,
              1980,    1981,    1982,    1983,    1984,    1985,    1986,
              1987,    1988,    1989,    1990,    1991,    1992,    1993,
              1994,    2017,    2018,    2019,    2020,    2021,    2022,
              2023,    2024,    2025,    2026,    2027,    2028,    2029,
              2030,    2031,    2032,    2033,    2034,    2035,    2058,
              2059,    2060,    2061,    2062,    2063,    2064,    2065,
              2066,    2067,    2068,    2069,    2070,    2071,    2072,
              2073,    2074,    2075,    2076,    2099,    2100,    2101,
              2102,    2103,    2104,    2105,    2106,    2107,    2108,
              2109,    2110,    2111,    2112,    2113,    2114,    2115,
              2116,    2117
$ ELEMENT SET
SET 2001 =      19,      59,      99,     139,     179,     219,     259,
               299,     339,     379,     419,     459,     499,     539,
               579,     619,     659,     699,     739,     779,     819,
               859,     899,     939,     979,    1019,    1059,    1099,
              1139,    1179,    1219,    1259,    1299,    1339,    1379,
              1419,    1459,    1499,    1539,    1579
$ ELEMENT SET
SET 2002 =      16,      56,      96,     136,     176,     216,     256,
               296,     336,     376,     416,     456,     496,     536,
               576,     616,     656,     696,     736,     776,     816,
               856,     896,     936,     976,    1016,    1056,    1096,
              1136,    1176,    1216,    1256,    1296,    1336,    1376,
              1416,    1456,    1496,    1536,    1576
$ ELEMENT SET
SET 2003 =      13,      53,      93,     133,     173,     213,     253,
               293,     333,     373,     413,     453,     493,     533,
               573,     613,     653,     693,     733,     773,     813,
               853,     893,     933,     973,    1013,    1053,    1093,
              1133,    1173,    1213,    1253,    1293,    1333,    1373,
              1413,    1453,    1493,    1533,    1573
$ ELEMENT SET
SET 2004 =      10,      50,      90,     130,     170,     210,     250,
               290,     330,     370,     410,     450,     490,     530,
               570,     610,     650,     690,     730,     770,     810,
               850,     890,     930,     970,    1010,    1050,    1090,
              1130,    1170,    1210,    1250,    1290,    1330,    1370,
              1410,    1450,    1490,    1530,    1570
$ ELEMENT SET
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SET 2005 =       7,      47,      87,     127,     167,     207,     247,
               287,     327,     367,     407,     447,     487,     527,
               567,     607,     647,     687,     727,     767,     807,
               847,     887,     927,     967,    1007,    1047,    1087,
              1127,    1167,    1207,    1247,    1287,    1327,    1367,
              1407,    1447,    1487,    1527,    1567
$ ELEMENT SET
SET 2006 =       4,      44,      84,     124,     164,     204,     244,
               284,     324,     364,     404,     444,     484,     524,
               564,     604,     644,     684,     724,     764,     804,
               844,     884,     924,     964,    1004,    1044,    1084,
              1124,    1164,    1204,    1244,    1284,    1324,    1364,
              1404,    1444,    1484,    1524,    1564
LOADCASE       20
   LABEL=BENDING
   SPC    =     200
   LOAD   =     200
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ DESIGN VARIABLE
$
DVAR           1DOMAIN_Z    0.0     0.0 1.0
$
DOMAIN       100
+       QUAD4        477     459    2099    2117
+       GSET         100
$
DVGRIDC        1    2108                    0.0     0.0 2.000000       0
DVGRIDC        1     468                    0.0     0.0 2.000000       0
$
$ TOPOGRAPHY REGIONS
$
$ 1) DESIGN ALL GRID ASSOCIATED TO EACH ELEMENT SET
$    ALLOWI THE EDGES TO MOVE (EDEGEM=EDGE)
$ 2) MAXIMUM DIMEN1 = 1.00
$ 3) USE A LARGE DIMEN2 (100.0) TO FORCE THE USE OF ONE DESIGN VARIABLE
$    PER TOPOGRAPHY REGION. THIS PRODUCES BEAD PATTERNS WITH  CONSTANT
$    HEIGHTS
$ 4) USE PERTM = BASIC (THIS WILL HELP TO ELIMINATE THE USE OF DEPENDENT
$    DESIGN VARIABLES. THIS IS FOR THIS SPECIAL CASE WHERE 1 DESIGN
$    THERE IS ONE DESIGN VARIABLE PER TOPGRAPHY REGION)
$ 5) ALLOW GRIDS TO MOVE ONLY ON POSITIVE SIDE OF PLATE (LB=0.0)
$
$
DTGRID  1       T_BEAD1 ESET    2001    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
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+       DVAR            0.0
$
DTGRID  2       T_BEAD2 ESET    2002    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  3       T_BEAD3 ESET    2003    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  4       T_BEAD4 ESET    2004    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  5       T_BEAD5 ESET    2005    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  6       T_BEAD6 ESET    2006    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
DRESPG  1001    DISTZ   DISTZ                           2099    2117
DRESPG  1002    DISTZ   DISTZ                           2100    2116
DRESPG  1003    DISTZ   DISTZ                           2101    2115
DRESPG  1004    DISTZ   DISTZ                           2102    2114
DRESPG  1005    DISTZ   DISTZ                           2103    2113
DRESPG  1006    DISTZ   DISTZ                           2104    2112
DRESPG  1007    DISTZ   DISTZ                           2105    2111
DRESPG  1008    DISTZ   DISTZ                           2106    2110
DRESPG  1009    DISTZ   DISTZ                           2107    2109
$
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS - VOLUME
DCONS   200                     600.00
$
$ CONSTRAINTS - DISTANCE FOR SYMMETRY
DCONS   1001                    0.001
DCONS   1002                    0.001
DCONS   1003                    0.001
DCONS   1004                    0.001
DCONS   1005                    0.001
DCONS   1006                    0.001
DCONS   1007                    0.001
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DCONS   1008                    0.001
DCONS   1009                    0.001
$
$
$  --- ANALYSIS DATA ---
PSHELL         4       1     0.6       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
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CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
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CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
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CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
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CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
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CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
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CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
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CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
CQUAD4       819       4    1295    1336    1337    1296
CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
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CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
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CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
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CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
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CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
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CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
GENESIS November 2009 Design Examples Manual 989



CQUAD4      1452       4    1944    1985    1986    1945
CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
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CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
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GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
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GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
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GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
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GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
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GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
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GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
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GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
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GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GENESIS November 2009 Design Examples Manual 999



GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
GRID        1419        23.0000019.00000    0.0
GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
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GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
GRID        1532        26.000009.000000    0.0
GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
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GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
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GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
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GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
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GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
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GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2099        1.000000    0.0     0.0  1.0000
FORCE        200    2100        1.000000    0.0     0.0  2.0000
FORCE        200    2101        1.000000    0.0     0.0  2.0000
FORCE        200    2102        1.000000    0.0     0.0  2.0000
FORCE        200    2103        1.000000    0.0     0.0  2.0000
FORCE        200    2104        1.000000    0.0     0.0  2.0000
FORCE        200    2105        1.000000    0.0     0.0  2.0000
FORCE        200    2106        1.000000    0.0     0.0  2.0000
FORCE        200    2107        1.000000    0.0     0.0  2.0000
FORCE        200    2108        1.000000    0.0     0.0  2.0000
FORCE        200    2109        1.000000    0.0     0.0  2.0000
FORCE        200    2110        1.000000    0.0     0.0  2.0000
FORCE        200    2111        1.000000    0.0     0.0  2.0000
FORCE        200    2112        1.000000    0.0     0.0  2.0000
FORCE        200    2113        1.000000    0.0     0.0  2.0000
FORCE        200    2114        1.000000    0.0     0.0  2.0000
FORCE        200    2115        1.000000    0.0     0.0  2.0000
FORCE        200    2116        1.000000    0.0     0.0  2.0000
FORCE        200    2117        1.000000    0.0     0.0  1.0000
$
ENDDATA
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2.57.2 Output Data
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.2

                          BUILD CODE 200212110932 BETA

     PROJECT NAME: D057
     RUN STARTED:  Dec 11, 2002 14:53
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10
     LENVEC:        11000000

                                TOPOGRAPHY  SUMMARY

                  NUMBER OF TOPOGRAPHY REGIONS:                6
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                  ADDED NUMBER OF INDEPENDENT VARIABLES:       6
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:             6
                  TOTAL NUMBER OF ADDED DVGRID DATA:       40344
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    1
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    779
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        720
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       720
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            4662

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SEN
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       7
                  TOTAL NUMBER OF DESIGN VARIABLES:             7
                  NUMBER OF SHAPE DESIGN VARIABLES:             7
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    2
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    3
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.369742E-06
                    SYSTEM VOLUME            4.320183E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    4
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  3.429710E-11 ; STRAIN ENERGY :  4.953227E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    5
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    6
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -8.4605E-12  1.0155E-10 -3.6000E+01 -3.9600E+02  1.4400E+03  4.6902E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    7
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    8
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     2.4809E+01 -1.2152E-01  1.7071E+01 -1.8002E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE    9
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.7534E+01  4.4084E-03  3.9913E-03  2.7534E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   10
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.953227E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    0.000000E+00    1.000000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   11
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     6.351158E-03  UB   1.000000E-03   V
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        1003  DISTZ                     6.351158E-03  UB   1.000000E-03   V
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     5.291360E-03  UB   1.000000E-03   V
        1006  DISTZ                     5.291360E-03  UB   1.000000E-03   V
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.380350E-03  UB   1.000000E-03   V
        1009  DISTZ                     9.380350E-03  UB   1.000000E-03   V
    VOLUME           0  SYS             4.320183E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   12
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.369743E-06
                    SYSTEM VOLUME            4.320184E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   14
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  9.955488E-11 ; STRAIN ENERGY :  4.953335E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   15
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   16
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.1909E-10  4.7001E-10 -3.6000E+01 -3.9600E+02  1.4400E+03  1.2109E-08
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   17
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   18
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     2.6082E+01 -1.8927E-02  1.8875E+01 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   19
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.7535E+01  4.4006E-03  6.6376E-04  2.7535E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   20
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.953335E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
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   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    2.805544E-04    1.000000E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1003  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     9.969491E-04  UB   1.000000E-03   A
        1006  DISTZ                     9.969491E-04  UB   1.000000E-03   A
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.543791E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.543791E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.320184E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   22
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      2 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   23
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.399481E-06
                    SYSTEM VOLUME            4.358308E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   24
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  4.384656E-10 ; STRAIN ENERGY :  4.598347E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   25
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   26
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.4774E-09  3.4707E-09 -3.6000E+01 -3.9600E+02  1.4400E+03  1.4852E-07
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   27
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   28
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     4.0610E+02 -1.6543E-02  4.0570E+02 -1.8006E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   29
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.5561E+01 -5.0615E-02  3.3977E-04  2.5561E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   30
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      2 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.598347E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    1.002806E-01    1.000000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   31
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1003  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     9.018964E-04  UB   1.000000E-03   A
        1006  DISTZ                     9.018964E-04  UB   1.000000E-03   A
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.940610E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.940610E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.358308E+02  UB   6.000000E+02   I
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   32
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      3 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   33
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.482944E-06
                    SYSTEM VOLUME            4.465313E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   34
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  6.060725E-11 ; STRAIN ENERGY :  3.825937E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   35
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   36
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.7375E-09 -3.3599E-08 -3.6000E+01 -3.9600E+02  1.4400E+03 -8.8674E-07
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   37
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   38
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     4.6907E+02 -1.1090E-02  4.6872E+02 -1.8007E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   39
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2109     2.1259E+01 -3.2512E-01  8.2162E-04  2.1256E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   40
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      3 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.825937E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    2.002806E-01    1.000000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   41
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1003  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.940610E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.940610E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.465313E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   42
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      4 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   43
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.621465E-06
                    SYSTEM VOLUME            4.642903E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   44
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -9.747291E-11 ; STRAIN ENERGY :  3.329691E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   45
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   46
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  2.8682E-09  4.5787E-08 -3.6000E+01 -3.9600E+02  1.4400E+03  1.2535E-06
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   47
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   48
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     4.1405E+02 -6.5979E-03  4.1366E+02 -1.8005E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   49
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2115     1.8505E+01 -3.2119E-01  3.2650E-03  1.8502E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   50
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
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               *  D E S I G N  C Y C L E      4 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.329691E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    3.004208E-01    1.000000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   51
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1003  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.940610E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.940610E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.642903E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   52
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      5 (ANALYSIS)*
               ********************************************
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   53
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.806612E-06
                    SYSTEM VOLUME            4.880271E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   54
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.780429E-10 ; STRAIN ENERGY :  3.021165E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   55
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   56
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -5.6762E-09  2.5087E-09 -3.6000E+01 -3.9600E+02  1.4400E+03  1.8274E-07
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   57
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   58
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     3.2645E+02 -3.5651E-03  3.2595E+02 -1.8004E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   59
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2115     1.6797E+01 -4.2938E-01  4.7197E-03  1.6792E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   60
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      5 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.021165E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    4.506312E-01    1.000000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   61
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
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        1002  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1003  DISTZ                     9.969777E-04  UB   1.000000E-03   A
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.940610E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.940610E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             4.880271E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   62
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      6 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   63
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.028278E-06
                    SYSTEM VOLUME            5.164459E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   64
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.682982E-10 ; STRAIN ENERGY :  2.840638E+02
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   65
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   66
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  5.3755E-09  1.8643E-08 -3.6000E+01 -3.9600E+02  1.4400E+03  5.3108E-07
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   67
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   68
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     2.3791E+02  1.8478E-04  2.3723E+02 -1.8000E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   69
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2101     1.5801E+01 -5.5614E-01 -6.8922E-03  1.5791E+01
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   70
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      6 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.840638E+02

  DESIGN VARIABLE
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                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    6.759469E-01    1.000000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     4.884981E-15  UB   1.000000E-03   I
        1003  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.940610E-04  UB   1.000000E-03   A
        1009  DISTZ                     9.940610E-04  UB   1.000000E-03   A
    VOLUME           0  SYS             5.164459E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS)*
               ********************************************
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.114956E-06
                    SYSTEM VOLUME            5.275584E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   74
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.827937E-10 ; STRAIN ENERGY :  2.810702E+02
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -6.1198E-09  9.2167E-10 -3.6000E+01 -3.9600E+02  1.4400E+03  1.2596E-07
1GENESIS   VERSION  7.2                   DATE 12-11-2002  TIME 14:53  PAGE   77
 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.8274E+02  5.1204E-09  1.8185E+02 -1.8000E+01
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
1026 Design Examples Manual November 2009 GENESIS



                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2115     1.5640E+01 -6.5518E-01  9.4506E-03  1.5627E+01
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               ********************************************
               *  D E S I G N  C Y C L E      7 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.810702E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    1.000000E+00    1.000000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1003  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     1.065814E-14  UB   1.000000E-03   I
        1009  DISTZ                     1.021405E-14  UB   1.000000E-03   I
    VOLUME           0  SYS             5.275584E+02  UB   6.000000E+02   I
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      8 (ANALYSIS)*
               ********************************************
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.012222E-06
                    SYSTEM VOLUME            5.143874E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.686044E-10 ; STRAIN ENERGY :  2.809326E+02
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.0170E-08 -7.6937E-09 -3.6000E+01 -3.9600E+02  1.4400E+03 -6.7752E-08
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      477     1.9280E+02 -1.0540E-09 -1.9196E+02 -1.8000E+01
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2115     1.5631E+01 -6.5307E-01  7.8231E-03  1.5617E+01
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      8 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.809326E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    1.000000E+00    1.000000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1003  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     1.065814E-14  UB   1.000000E-03   I
        1009  DISTZ                     1.021405E-14  UB   1.000000E-03   I
    VOLUME           0  SYS             5.143874E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      9 (ANALYSIS)*
               ********************************************
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.114956E-06
                    SYSTEM VOLUME            5.275584E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.827937E-10 ; STRAIN ENERGY :  2.810702E+02
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -6.1198E-09  9.2167E-10 -3.6000E+01 -3.9600E+02  1.4400E+03  1.2596E-07
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.8274E+02  5.1204E-09  1.8185E+02 -1.8000E+01
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 SIX BEADS PATTERN OPTIMIZATION USING TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2115     1.5640E+01 -6.5518E-01  9.4506E-03  1.5627E+01
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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               ********************************************
               *  D E S I G N  C Y C L E      9 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.810702E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    1.000000E+00    1.000000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1003  DISTZ                     5.107026E-15  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1006  DISTZ                     4.440892E-15  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     1.065814E-14  UB   1.000000E-03   I
        1009  DISTZ                     1.021405E-14  UB   1.000000E-03   I
    VOLUME           0  SYS             5.275584E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
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                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.953E-01 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.9532E+02       838.0%
    1     4.9533E+02         0.0%
    2     4.5983E+02         0.0%
    3     3.8259E+02         0.0%
    4     3.3297E+02         0.0%
    5     3.0212E+02         0.0%
    6     2.8406E+02         0.0%
    7     2.8107E+02         0.0%
    8     2.8093E+02         0.0%
    9     2.8107E+02         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
         DOMAIN_Z

    0     0.0000E+00*
    1     2.8055E-04
    2     1.0028E-01
    3     2.0028E-01
    4     3.0042E-01
    5     4.5063E-01
GENESIS November 2009 Design Examples Manual 1033



    6     6.7595E-01
    7     1.0000E+00*
    8     1.0000E+00*
    9     1.0000E+00*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
1                            ***** END OF OUTPUT *****
1034 Design Examples Manual November 2009 GENESIS



2.58 Topometry Optimization of a Simply Supported Plate

Example ID:
D058

Design Data Used:
DOBJ, DCONS, DSPLIT, DVPROP2, DEQATN, DVAR, DRESP1

Special Features Used:
DSPLIT data entry to perform topometry optmization. 

Problem Statement:
The flat plate being pinned at the four corners is designed to be as stiff as possible to carry the 
point load at middle of the plate. 

Design Problem: 
Minimize strain energy subject to  mass constraint. 
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Problem Description:
1. The designable region  was discretized with 18*18 CQUAD4 elements. 
2. Point load was applied to middle point in the original plate. 
3. Each of the 4 corners were not allowed to move in the 123 directions.

Results:
The following figure shows the final thickness distribution using both colours and actual thickess 
as revealed by the SSOL command. In the figure, red represents the highest possible thickness 
and blue the lowest. 

Final Solution
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2.58.1 Input Data
ID D058
POST=PUNCH
CEND
TITLE=  TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
SUBTITLE= STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
LINE = 64,80
APRINT = FLAST
DPRINT = FLAST
TVAR=NONE
LOADCASE      200
   LABEL=POINT LOAD AT CENTER OF PLATE
   SPC    =     200
   LOAD   =     200
THICKNESS=POST
SSOL =YES,FIXNORM
BEGIN BULK
$  --- DESIGN DATA ---
DOPT          30
$
$ GENERIC DESIGN VARIABLE
DVAR           2THCK4   .6000000.10000001.200000
$
$ TOPOMETRY AND SIZING RELATIONSHIPS
DSPLIT  4
DVPROP3        1       4   SOLID       1
+              2
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
$
$ CONSTRAINTS - VOLUME
DCONS        200                120.0000
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$  --- ANALYSIS DATA ---
PSHELL         4       1.6000000       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
GENESIS November 2009 Design Examples Manual 1037



CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
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CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
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CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
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CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
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CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
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CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
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CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
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GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
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GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
1046 Design Examples Manual November 2009 GENESIS



GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
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GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
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GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
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GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
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GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
SPC          200     459  123        0.0
SPC          200     477  123        0.0
SPC          200    1197  123        0.0
SPC          200    1215  123        0.0
FORCE        200     837        100.0000    0.0     0.0 1.000000
ENDDATA
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2.58.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.5

                             BUILD CODE 200403081751 BETA

     PROJECT NAME: D058
     RUN STARTED:  Mar  8, 2004 18:10
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    1
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:             324
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SEN
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     324
                  TOTAL NUMBER OF DESIGN VARIABLES:           324
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    2
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    3
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.516320E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    4
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                    E N C L O S I N G   B O X    S U M M A R Y
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                             LENGTH X   1.800000E+01
                             LENGTH Y   1.800000E+01
                             LENGTH Z   0.000000E+00
                             AREA XY    3.240000E+02
                             AREA YZ    0.000000E+00
                             AREA XZ    0.000000E+00
                             VOLUME XYZ 0.000000E+00

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    5
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.046044E-12 ; STRAIN ENERGY :  1.576366E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    6
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    7
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    8
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE    9
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200     1197     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   10
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     3.1527E-01  0.0000E+00  0.0000E+00  3.1527E-01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   11
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.576366E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   12
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.944000E+02  UB   1.200000E+02   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   13
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     30 (ANALYSIS)*
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               ********************************************
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   14
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              9.331158E-07
                    SYSTEM VOLUME            1.196302E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   15
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.800000E+01
                             LENGTH Y   1.800000E+01
                             LENGTH Z   0.000000E+00
                             AREA XY    3.240000E+02
                             AREA YZ    0.000000E+00
                             AREA XZ    0.000000E+00
                             VOLUME XYZ 0.000000E+00

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   16
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL :  1.123054E-13 ; STRAIN ENERGY :  2.463333E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   17
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   18
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   19
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   20
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200     1215     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   21
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     4.9267E-01  0.0000E+00  0.0000E+00  4.9267E-01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   22
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     30 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.463333E+01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   23
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

  CONSTRAINT

                         MASS,VOLUME
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   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.196302E+02  UB   1.200000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   24
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:10  PAGE   25
 TOPOMETRY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.5764E+01        62.0%
    1     3.7153E+01        21.5%
    2     5.8226E+01         0.0%
    3     5.7105E+01         0.0%
    4     5.6136E+01         0.0%
    5     5.4381E+01         0.0%
    6     5.0495E+01         0.0%
    7     4.4911E+01         0.0%
    8     3.9410E+01         0.0%
    9     3.5189E+01         0.0%
   10     3.2253E+01         0.0%
   11     3.1434E+01         0.0%
   12     3.1227E+01         0.0%
   13     3.0967E+01         0.0%
   14     3.0748E+01         0.0%
   15     3.0335E+01         0.0%
   16     2.9960E+01         0.0%
   17     2.9573E+01         0.0%
1058 Design Examples Manual November 2009 GENESIS



   18     2.9025E+01         0.0%
   19     2.8412E+01         0.0%
   20     2.8266E+01         0.0%
   21     2.8051E+01         0.0%
   22     2.7810E+01         0.0%
   23     2.7495E+01         0.0%
   24     2.6876E+01         0.0%
   25     2.6215E+01         0.0%
   26     2.5673E+01         0.0%
   27     2.5158E+01         0.0%
   28     2.4927E+01         0.0%
   29     2.4772E+01         0.0%
   30     2.4633E+01         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****

References:

Leiva, J. P., Topometry Optimization: A New Capability to Perform Element by Element Sizing 
Optimization of Structures, to be presented at the 10th AIAA/ISSMO Symposium on Multidisci-
plinary Analysis and Optimization, Albany, NY, August 30 - September 1, 2004. 

Note: This paper can be found at: http://www.vrand.com/publication.htm
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2.59 Spot Weld Location Optimization  using Topometry 
Optimization 

Example ID:
D059          

Design Data Used:
DVAR, DVPROP2, DEQATN, DSPLIT, DRESP3, DOBJ, DCONS 

Special Feature Used:
DSPLIT to perform topometry optimization.

Problem Statement:
Find the best 10 out of 22 candidate spot weld locations to maximize the second frequency of 
vibration of the cabin. 
 

Design Problem:
1. Design the PBUSH property with DVPROP2, DEQATN and DVAR entries. Split 

it with DSPLIT
2. Set up the problem so that at the end of the optimization, the design variables are 

close to either zero or one. A value of one or close to it means the weld (CBUSH) 
elements should be kept, while a value of 0.0 means the weld is not important a can 
be discarded. To achieve this end, two constraints with DRESP3 are created: AVG1 
and AVG3. 
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DESIGN Data Relationships:

Results:
Topometry optimization was able to select the 10 most important welds. The following picture 
show the resultants.
 

References:
Leiva, J.P., Wang, L., Recek S. and Watson, B., Automobile Design Using the GENESIS Struc-
tural Optimization Program , Nafems Seminar: Advances in Optimization Tecnologies for Prod-
uct Design, Chicago, Ilinois, USA, October 22-23, 2001

Note: This paper can be found at: http://www.vrand.com/publication.htm

D V A R   D V P R O P 2  
                     D S P L I T  

              D R E S P 1   D O B J  
D R E S P 3   D C O N S  
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2.59.1 Input Data
ID D059
CEND
LINE = 64,80
TITLE=SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
SUBTITLE = SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE
LOADCASE 1
  LABEL=FREE MODES
  METHOD = 1
UPRINT=LAST
$
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT    25
$
$ DESIGN VARIABLE DEFINITION
DVAR           1 DV1    0.455   1.e-6     1.0
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
$ WITH TOPOMETRY
DSPLIT  1001    bush    PBUSH   801
DVPROP2     8011     801       1     100
+           DVAR       1
DVPROP2     8012     801       2     100
+           DVAR       1
DVPROP2     8013     801       3     100
+           DVAR       1
DVPROP2     8014     801       4     200
+           DVAR       1
DVPROP2     8015     801       5     200
+           DVAR       1
DVPROP2     8016     801       6     200
+           DVAR       1
DEQATN       100 K(X)=(0.10E+06)*X**3
DEQATN       200 K(X)=(0.10E+07)*X**3
$ RESPONSES
$
DRESP1         1  FREQ      FREQ       2
$
DRESP3       101    AVG1    AVG1
+       DVAR    1
DRESP3       102    AVG3    AVG3
+       DVAR    1
$
$ OBJECTIVE FUNCTION
DOBJ           1  FREQ         1     MAX
$ CONSTRAINTS
DCONS        101                    0.46
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DCONS        102            0.45

$  --- ANALYSIS DATA ---
$
EIGR           1     lan    .001    30.0
$
PSHELL         3       11.000000       1               1                P1
PSHELL         5       11.000000       1               1                P2
PSHELL         7       11.000000       1               1                P3
PSHELL        10       11.000000       1               1                P5
PSHELL        12       11.000000       1               1                P4
CQUAD4         1       3     901     912      13     902
CQUAD4         2       3     902      13      14       3
CQUAD4         3       3       3      14      15       4
CQUAD4         4       3       4      15      16       5
CQUAD4         5       3       5      16      17       6
CQUAD4         6       3       6      17      18     907
CQUAD4         7       3     907      18      19     908
CQUAD4         8       3     908      19      20     909
CQUAD4         9       3     909      20      21     910
CQUAD4        10       3     910      21     922     911
CQUAD4        11       3     912      23      24      13
CQUAD4        12       3      13      24      25      14
CQUAD4        13       3      14      25      26      15
CQUAD4        14       3      15      26      27      16
CQUAD4        15       3      16      27      28      17
CQUAD4        16       3      17      28      29      18
CQUAD4        17       3      18      29      30      19
CQUAD4        18       3      19      30      31      20
CQUAD4        19      12      20      31      32      21
CQUAD4        20      12      21      32     933     922
CQUAD4        21       3      23      34      35      24
CQUAD4        22       3      24      35      36      25
CQUAD4        23       3      25      36      37      26
CQUAD4        24       3      26      37      38      27
CQUAD4        25       3      27      38      39      28
CQUAD4        26       3      28      39      40      29
CQUAD4        27       3      29      40      41      30
CQUAD4        28       3      30      41      42      31
CQUAD4        29       3      31      42      43      32
CQUAD4        30       3      32      43     944     933
CQUAD4        31       3      34      45      46      35
CQUAD4        32       3      35      46      47      36
CQUAD4        33       3      36      47      48      37
CQUAD4        34       3      37      48      49      38
CQUAD4        35       3      38      49      50      39
CQUAD4        36       3      39      50      51      40
CQUAD4        37       3      40      51      52      41
CQUAD4        38       3      41      52      53      42
CQUAD4        39       3      42      53      54      43
CQUAD4        40       3      43      54     955     944
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CQUAD4        41       3      45      56      57      46
CQUAD4        42       3      46      57      58      47
CQUAD4        43       3      47      58      59      48
CQUAD4        44       3      48      59      60      49
CQUAD4        45       3      49      60      61      50
CQUAD4        46       3      50      61      62      51
CQUAD4        47       3      51      62      63      52
CQUAD4        48       3      52      63      64      53
CQUAD4        49       3      53      64      65      54
CQUAD4        50       3      54      65     966     955
CQUAD4        51      10      56     967      68      57
CQUAD4        52      10      57      68      69      58
CQUAD4        53      10      58      69      70      59
CQUAD4        54      10      59      70      71      60
CQUAD4        55      10      60      71      72      61
CQUAD4        56      10      61      72      73      62
CQUAD4        57      10      62      73      74      63
CQUAD4        58      10      63      74      75      64
CQUAD4        59      10      64      75      76      65
CQUAD4        60      10      65      76     977     966
CQUAD4        61       3     967     978     979      68
CQUAD4        62       3      68     979      80      69
CQUAD4        63       3      69      80      81      70
CQUAD4        64       3      70      81      82      71
CQUAD4        65       3      71      82      83      72
CQUAD4        66       3      72      83     984      73
CQUAD4        67       3      73     984     985      74
CQUAD4        68       3      74     985     986      75
CQUAD4        69       3      75     986     987      76
CQUAD4        70       3      76     987     988     977
CQUAD4       247       7     358     360     361     359
CQUAD4       248       7     360     362     363     361
CQUAD4       249       7     362     364     365     363
CQUAD4       250       7     364     366     367     365
CQUAD4       251       7     366     368     369     367
CQUAD4       252       7     368     370     371     369
CQUAD4       253       7     370     372     373     371
CQUAD4       254       7     372     374     375     373
CQUAD4       255       7     374     376     377     375
CQUAD4       256       7      45      46     374     376
CQUAD4       257       7      46      47     372     374
CQUAD4       258       7      47      48     370     372
CQUAD4       259       7      48      49     368     370
CQUAD4       260       7      49      50     366     368
CQUAD4       261       7      50      51     364     366
CQUAD4       262       7      51      52     362     364
CQUAD4       263       7      52      53     360     362
CQUAD4       264       7      53      54     358     360
CQUAD4       265       7      34      35     375     377
CQUAD4       266       7      35      36     373     375
CQUAD4       267       7      36      37     371     373
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CQUAD4       268       7      37      38     369     371
CQUAD4       269       7      38      39     367     369
CQUAD4       270       7      39      40     365     367
CQUAD4       271       7      40      41     363     365
CQUAD4       272       7      41      42     361     363
CQUAD4       273       7      42      43     359     361
CTRIA3       274       7     358      54     955
CTRIA3       275       7     359     944      43
CQUAD4       276       7     359     358     955     944
MAT1           1200000.0             .0 7.59E-09     .0      .0      .0 M1
GRID           3             .0 -300.000     .0
GRID           4             .0 -200.000     .0
GRID           5             .0 -100.000     .0
GRID           6             .0      .0      .0
GRID          13        88.28600-400.000     .0
GRID          14        88.28600-300.000     .0
GRID          15        88.28600-200.000     .0
GRID          16        88.28600-100.000     .0
GRID          17        88.28600     .0      .0
GRID          18        88.28600100.0000     .0
GRID          19        88.28600200.0000     .0
GRID          20        88.28600300.0000     .0
GRID          21        88.28600400.0000     .0
GRID          23        176.5710-500.000     .0
GRID          24        176.5710-400.000     .0
GRID          25        176.5710-300.000     .0
GRID          26        176.5710-200.000     .0
GRID          27        176.5710-100.000     .0
GRID          28        176.5710     .0      .0
GRID          29        176.5710100.0000     .0
GRID          30        176.5710200.0000     .0
GRID          31        176.5710300.0000     .0
GRID          32        176.5710400.0000     .0
GRID          34        264.8570-500.000     .0
GRID          35        264.8570-400.000     .0
GRID          36        264.8570-300.000     .0
GRID          37        264.8570-200.000     .0
GRID          38        264.8570-100.000     .0
GRID          39        264.8570     .0      .0
GRID          40        264.8570100.0000     .0
GRID          41        264.8570200.0000     .0
GRID          42        264.8570300.0000     .0
GRID          43        264.8570400.0000     .0
GRID          45        353.1430-500.000     .0
GRID          46        353.1430-400.000     .0
GRID          47        353.1430-300.000     .0
GRID          48        353.1430-200.000     .0
GRID          49        353.1430-100.000     .0
GRID          50        353.1430     .0      .0
GRID          51        353.1430100.0000     .0
GRID          52        353.1430200.0000     .0
GENESIS November 2009 Design Examples Manual 1065



GRID          53        353.1430300.0000     .0
GRID          54        353.1430400.0000     .0
GRID          56        441.4290-500.000     .0
GRID          57        441.4290-400.000     .0
GRID          58        441.4290-300.000     .0
GRID          59        441.4290-200.000     .0
GRID          60        441.4290-100.000     .0
GRID          61        441.4290     .0      .0
GRID          62        441.4290100.0000     .0
GRID          63        441.4290200.0000     .0
GRID          64        441.4290300.0000     .0
GRID          65        441.4290400.0000     .0
GRID          68        529.7140-400.000     .0
GRID          69        529.7140-300.000     .0
GRID          70        529.7140-200.000     .0
GRID          71        529.7140-100.000     .0
GRID          72        529.7140     .0      .0
GRID          73        529.7140100.0000     .0
GRID          74        529.7140200.0000     .0
GRID          75        529.7140300.0000     .0
GRID          76        529.7140400.0000     .0
GRID          80        618.0000-300.000     .0
GRID          81        618.0000-200.000     .0
GRID          82        618.0000-100.000     .0
GRID          83        618.0000     .0      .0
GRID         358        343.1430400.000075.00000
GRID         359        274.8570400.000075.00000
GRID         360        343.1430300.000075.00000
GRID         361        274.8570300.000075.00000
GRID         362        343.1430200.000075.00000
GRID         363        274.8570200.000075.00000
GRID         364        343.1430100.000075.00000
GRID         365        274.8570100.000075.00000
GRID         366        343.1430     .0 75.00000
GRID         367        274.8570     .0 75.00000
GRID         368        343.1430-100.00075.00000
GRID         369        274.8570-100.00075.00000
GRID         370        343.1430-200.00075.00000
GRID         371        274.8570-200.00075.00000
GRID         372        343.1430-300.00075.00000
GRID         373        274.8570-300.00075.00000
GRID         374        343.1430-400.00075.00000
GRID         375        274.8570-400.00075.00000
GRID         376        343.1430-500.00075.00000
GRID         377        274.8570-500.00075.00000
GRID         901             .0 -500.000     .0
GRID         902             .0 -400.000     .0
GRID         907             .0 100.0000     .0
GRID         908             .0 200.0000     .0
GRID         909             .0 300.0000     .0
GRID         910             .0 400.0000     .0
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GRID         911             .0 500.0000     .0
GRID         912        88.28600-500.000     .0
GRID         922        88.28600500.0000     .0
GRID         933        176.5710500.0000     .0
GRID         944        264.8570500.0000     .0
GRID         955        353.1430500.0000     .0
GRID         966        441.4290500.0000     .0
GRID         967        529.7140-500.000     .0
GRID         977        529.7140500.0000     .0
GRID         978        618.0000-500.000     .0
GRID         979        618.0000-400.000     .0
GRID         984        618.0000100.0000     .0
GRID         985        618.0000200.0000     .0
GRID         986        618.0000300.0000     .0
GRID         987        618.0000400.0000     .0
GRID         988        618.0000500.0000     .0
CQUAD4        71       5       1      12      92      91
CQUAD4        72       5      91      92      94      93
CQUAD4        73       5      93      94      96      95
CQUAD4        74       5      95      96      98      97
CQUAD4        75       5      67      78     102     101
CQUAD4        76       5     101     102     104     103
CQUAD4        77       5     103     104     106     105
CQUAD4        78       5     105     106     108     107
CQUAD4        79       5      78      79     112     102
CQUAD4        80       5     102     112     114     104
CQUAD4        81       5     104     114     116     106
CQUAD4        82       5     106     116     118     108
CQUAD4        83       5       1      91     122       2
CQUAD4        84       5      91      93     124     122
CQUAD4        85       5      93      95     126     124
CQUAD4        86       5      95      97     128     126
CQUAD4        87       5      97      98     132     128
CQUAD4        88       5      98     133     134     132
CQUAD4        89       5     133     135     136     134
CQUAD4        90       5     135     137     138     136
CQUAD4        91       5     137     139     140     138
CQUAD4        92       5     139     107     142     140
CQUAD4        93       5     107     108     118     142
CQUAD4        94       5      11     153     154      22
CQUAD4        95       5      22     154     155      33
CQUAD4        96       5      33     155     156      44
CQUAD4        97       5      44     156     157      55
CQUAD4        98       5      55     157     158      66
CQUAD4        99       5      66     158     159      77
CQUAD4       100       5      77     159     160      88
CQUAD4       101       5     153     161     162     154
CQUAD4       102       5     154     162     163     155
CQUAD4       103       5     155     163     164     156
CQUAD4       104       5     156     164     165     157
CQUAD4       105       5     157     165     166     158
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CQUAD4       106       5     158     166     167     159
CQUAD4       107       5     159     167     168     160
CQUAD4       108       5     161     169     170     162
CQUAD4       109       5     162     170     171     163
CQUAD4       110       5     163     171     172     164
CQUAD4       111       5     164     172     173     165
CQUAD4       112       5     165     173     174     166
CQUAD4       113       5     166     174     175     167
CQUAD4       114       5     167     175     176     168
CQUAD4       115       5     169     177     178     170
CQUAD4       116       5     170     178     179     171
CQUAD4       117       5     171     179     180     172
CQUAD4       118       5     172     180     181     173
CQUAD4       119       5     173     181     182     174
CQUAD4       120       5     174     182     183     175
CQUAD4       121       5     175     183     184     176
CQUAD4       122       5     177     185     186     178
CQUAD4       123       5     178     186     187     179
CQUAD4       124       5     179     187     188     180
CQUAD4       125       5     180     188     189     181
CQUAD4       126       5     181     189     190     182
CQUAD4       127       5     182     190     191     183
CQUAD4       128       5     183     191     192     184
CQUAD4       129       5     185     193     194     186
CQUAD4       130       5     186     194     195     187
CQUAD4       131       5     187     195     196     188
CQUAD4       132       5     188     196     197     189
CQUAD4       133       5     189     197     198     190
CQUAD4       134       5     190     198     199     191
CQUAD4       135       5     191     199     200     192
CQUAD4       136       5       7     206     207       8
CQUAD4       137       5       8     207     208       9
CQUAD4       138       5       9     208     209      10
CQUAD4       139       5      10     209     153      11
CQUAD4       140       5     206     211     212     207
CQUAD4       141       5     207     212     213     208
CQUAD4       142       5     208     213     214     209
CQUAD4       143       5     209     214     161     153
CQUAD4       144       5     211     216     217     212
CQUAD4       145       5     212     217     218     213
CQUAD4       146       5     213     218     219     214
CQUAD4       147       5     214     219     169     161
CQUAD4       148       5     216     221     222     217
CQUAD4       149       5     217     222     223     218
CQUAD4       150       5     218     223     224     219
CQUAD4       151       5     219     224     177     169
CQUAD4       152       5     221     226     227     222
CQUAD4       153       5     222     227     228     223
CQUAD4       154       5     223     228     229     224
CQUAD4       155       5     224     229     185     177
CQUAD4       156       5     226     231     232     227
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CQUAD4       157       5     227     232     233     228
CQUAD4       158       5     228     233     234     229
CQUAD4       159       5     229     234     193     185
CQUAD4       160       5      84      85     242     241
CQUAD4       161       5      85      86     243     242
CQUAD4       162       5      86      87     244     243
CQUAD4       163       5      87      88     160     244
CQUAD4       164       5     241     242     247     246
CQUAD4       165       5     242     243     248     247
CQUAD4       166       5     243     244     249     248
CQUAD4       167       5     244     160     168     249
CQUAD4       168       5     246     247     252     251
CQUAD4       169       5     247     248     253     252
CQUAD4       170       5     248     249     254     253
CQUAD4       171       5     249     168     176     254
CQUAD4       172       5     251     252     257     256
CQUAD4       173       5     252     253     258     257
CQUAD4       174       5     253     254     259     258
CQUAD4       175       5     254     176     184     259
CQUAD4       176       5     256     257     262     261
CQUAD4       177       5     257     258     263     262
CQUAD4       178       5     258     259     264     263
CQUAD4       179       5     259     184     192     264
CQUAD4       180       5     261     262     267     266
CQUAD4       181       5     262     263     268     267
CQUAD4       182       5     263     264     269     268
CQUAD4       183       5     264     192     200     269
CQUAD4       184       5     231     276     277     232
CQUAD4       185       5     232     277     278     233
CQUAD4       186       5     233     278     279     234
CQUAD4       187       5     234     279     194     193
CQUAD4       188       5     276     281     282     277
CQUAD4       189       5     277     282     283     278
CQUAD4       190       5     278     283     284     279
CQUAD4       191       5     279     284     195     194
CQUAD4       192       5     281     286     287     282
CQUAD4       193       5     282     287     288     283
CQUAD4       194       5     283     288     289     284
CQUAD4       195       5     284     289     196     195
CQUAD4       196       5     286     291     292     287
CQUAD4       197       5     287     292     293     288
CQUAD4       198       5     288     293     294     289
CQUAD4       199       5     289     294     197     196
CQUAD4       200       5     291     296     297     292
CQUAD4       201       5     292     297     298     293
CQUAD4       202       5     293     298     299     294
CQUAD4       203       5     294     299     198     197
CQUAD4       204       5     296     301     302     297
CQUAD4       205       5     297     302     303     298
CQUAD4       206       5     298     303     304     299
CQUAD4       207       5     299     304     199     198
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CQUAD4       208       5     301     266     267     302
CQUAD4       209       5     302     267     268     303
CQUAD4       210       5     303     268     269     304
CQUAD4       211       5     304     269     200     199
CQUAD4       212       5     118     312     318     142
CQUAD4       213       5     312     313     319     318
CQUAD4       214       5     313     314     320     319
CQUAD4       215       5     314     315     321     320
CQUAD4       216       5     315     266     301     321
CQUAD4       217       5     142     318     324     140
CQUAD4       218       5     318     319     325     324
CQUAD4       219       5     319     320     326     325
CQUAD4       220       5     320     321     327     326
CQUAD4       221       5     321     301     296     327
CQUAD4       222       5     140     324     330     138
CQUAD4       223       5     324     325     331     330
CQUAD4       224       5     325     326     332     331
CQUAD4       225       5     326     327     333     332
CQUAD4       226       5     327     296     291     333
CQUAD4       227       5     138     330     336     136
CQUAD4       228       5     330     331     337     336
CQUAD4       229       5     331     332     338     337
CQUAD4       230       5     332     333     339     338
CQUAD4       231       5     333     291     286     339
CQUAD4       232       5     136     336     342     134
CQUAD4       233       5     336     337     343     342
CQUAD4       234       5     337     338     344     343
CQUAD4       235       5     338     339     345     344
CQUAD4       236       5     339     286     281     345
CQUAD4       237       5     134     342     348     132
CQUAD4       238       5     342     343     349     348
CQUAD4       239       5     343     344     350     349
CQUAD4       240       5     344     345     351     350
CQUAD4       241       5     345     281     276     351
CQUAD4       242       5     132     348     354     128
CQUAD4       243       5     348     349     355     354
CQUAD4       244       5     349     350     356     355
CQUAD4       245       5     350     351     357     356
CQUAD4       246       5     351     276     231     357
GRID           1           0.000-500.000   0.000
GRID           2           0.000-400.000   0.000
GRID           7           0.000 100.000   0.000
GRID           8           0.000 200.000   0.000
GRID           9           0.000 300.000   0.000
GRID          10           0.000 400.000   0.000
GRID          11           0.000 500.000   0.000
GRID          12          88.286-500.000   0.000
GRID          22          88.286 500.000   0.000
GRID          33         176.571 500.000   0.000
GRID          44         264.857 500.000   0.000
GRID          55         353.143 500.000   0.000
1070 Design Examples Manual November 2009 GENESIS



GRID          66         441.429 500.000   0.000
GRID          67         529.714-500.000   0.000
GRID          77         529.714 500.000   0.000
GRID          78         618.000-500.000   0.000
GRID          79         618.000-400.000   0.000
GRID          84         618.000 100.000   0.000
GRID          85         618.000 200.000   0.000
GRID          86         618.000 300.000   0.000
GRID          87         618.000 400.000   0.000
GRID          88         618.000 500.000   0.000
GRID          91           0.000-500.000  75.000
GRID          92          88.286-500.000  75.000
GRID          93           0.000-500.000 150.000
GRID          94          88.286-500.000 150.000
GRID          95           0.000-500.000 225.000
GRID          96          88.286-500.000 225.000
GRID          97           0.000-500.000 300.000
GRID          98          88.286-500.000 300.000
GRID         101         529.714-500.000  75.000
GRID         102         618.000-500.000  75.000
GRID         103         529.714-500.000 150.000
GRID         104         618.000-500.000 150.000
GRID         105         529.714-500.000 225.000
GRID         106         618.000-500.000 225.000
GRID         107         529.714-500.000 300.000
GRID         108         618.000-500.000 300.000
GRID         112         618.000-400.000  82.500
GRID         114         618.000-400.000 165.000
GRID         116         618.000-400.000 247.500
GRID         118         618.000-400.000 330.000
GRID         122           0.000-400.000  82.500
GRID         124           0.000-400.000 165.000
GRID         126           0.000-400.000 247.500
GRID         128           0.000-400.000 330.000
GRID         132          88.286-400.000 330.000
GRID         133         176.571-500.000 300.000
GRID         134         176.571-400.000 330.000
GRID         135         264.857-500.000 300.000
GRID         136         264.857-400.000 330.000
GRID         137         353.143-500.000 300.000
GRID         138         353.143-400.000 330.000
GRID         139         441.429-500.000 300.000
GRID         140         441.429-400.000 330.000
GRID         142         529.714-400.000 330.000
GRID         153           0.000 500.000  91.667
GRID         154          88.286 500.000  91.667
GRID         155         176.571 500.000  91.667
GRID         156         264.857 500.000  91.667
GRID         157         353.143 500.000  91.667
GRID         158         441.429 500.000  91.667
GRID         159         529.714 500.000  91.667
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GRID         160         618.000 500.000  91.667
GRID         161           0.000 500.000 183.333
GRID         162          88.286 500.000 183.333
GRID         163         176.571 500.000 183.333
GRID         164         264.857 500.000 183.333
GRID         165         353.143 500.000 183.333
GRID         166         441.429 500.000 183.333
GRID         167         529.714 500.000 183.333
GRID         168         618.000 500.000 183.333
GRID         169           0.000 500.000 275.000
GRID         170          88.286 500.000 275.000
GRID         171         176.571 500.000 275.000
GRID         172         264.857 500.000 275.000
GRID         173         353.143 500.000 275.000
GRID         174         441.429 500.000 275.000
GRID         175         529.714 500.000 275.000
GRID         176         618.000 500.000 275.000
GRID         177           0.000 500.000 366.667
GRID         178          88.286 500.000 366.667
GRID         179         176.571 500.000 366.667
GRID         180         264.857 500.000 366.667
GRID         181         353.143 500.000 366.667
GRID         182         441.429 500.000 366.667
GRID         183         529.714 500.000 366.667
GRID         184         618.000 500.000 366.667
GRID         185           0.000 500.000 458.333
GRID         186          88.286 500.000 458.333
GRID         187         176.571 500.000 458.333
GRID         188         264.857 500.000 458.333
GRID         189         353.143 500.000 458.333
GRID         190         441.429 500.000 458.333
GRID         191         529.714 500.000 458.333
GRID         192         618.000 500.000 458.333
GRID         193           0.000 500.000 550.000
GRID         194          88.286 500.000 550.000
GRID         195         176.571 500.000 550.000
GRID         196         264.857 500.000 550.000
GRID         197         353.143 500.000 550.000
GRID         198         441.429 500.000 550.000
GRID         199         529.714 500.000 550.000
GRID         200         618.000 500.000 550.000
GRID         206           0.000 100.000  83.333
GRID         207           0.000 200.000  85.417
GRID         208           0.000 300.000  87.500
GRID         209           0.000 400.000  89.583
GRID         211           0.000 100.000 166.667
GRID         212           0.000 200.000 170.833
GRID         213           0.000 300.000 175.000
GRID         214           0.000 400.000 179.167
GRID         216           0.000 100.000 250.000
GRID         217           0.000 200.000 256.250
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GRID         218           0.000 300.000 262.500
GRID         219           0.000 400.000 268.750
GRID         221           0.000 100.000 333.333
GRID         222           0.000 200.000 341.667
GRID         223           0.000 300.000 350.000
GRID         224           0.000 400.000 358.333
GRID         226           0.000 100.000 416.667
GRID         227           0.000 200.000 427.083
GRID         228           0.000 300.000 437.500
GRID         229           0.000 400.000 447.917
GRID         231           0.000 100.000 500.000
GRID         232           0.000 200.000 512.500
GRID         233           0.000 300.000 525.000
GRID         234           0.000 400.000 537.500
GRID         241         618.000 100.000  83.333
GRID         242         618.000 200.000  85.417
GRID         243         618.000 300.000  87.500
GRID         244         618.000 400.000  89.583
GRID         246         618.000 100.000 166.667
GRID         247         618.000 200.000 170.833
GRID         248         618.000 300.000 175.000
GRID         249         618.000 400.000 179.167
GRID         251         618.000 100.000 250.000
GRID         252         618.000 200.000 256.250
GRID         253         618.000 300.000 262.500
GRID         254         618.000 400.000 268.750
GRID         256         618.000 100.000 333.333
GRID         257         618.000 200.000 341.667
GRID         258         618.000 300.000 350.000
GRID         259         618.000 400.000 358.333
GRID         261         618.000 100.000 416.667
GRID         262         618.000 200.000 427.083
GRID         263         618.000 300.000 437.500
GRID         264         618.000 400.000 447.917
GRID         266         618.000 100.000 500.000
GRID         267         618.000 200.000 512.500
GRID         268         618.000 300.000 525.000
GRID         269         618.000 400.000 537.500
GRID         276          88.286 100.000 500.000
GRID         277          88.286 200.000 512.500
GRID         278          88.286 300.000 525.000
GRID         279          88.286 400.000 537.500
GRID         281         176.571 100.000 500.000
GRID         282         176.571 200.000 512.500
GRID         283         176.571 300.000 525.000
GRID         284         176.571 400.000 537.500
GRID         286         264.857 100.000 500.000
GRID         287         264.857 200.000 512.500
GRID         288         264.857 300.000 525.000
GRID         289         264.857 400.000 537.500
GRID         291         353.143 100.000 500.000
GENESIS November 2009 Design Examples Manual 1073



GRID         292         353.143 200.000 512.500
GRID         293         353.143 300.000 525.000
GRID         294         353.143 400.000 537.500
GRID         296         441.429 100.000 500.000
GRID         297         441.429 200.000 512.500
GRID         298         441.429 300.000 525.000
GRID         299         441.429 400.000 537.500
GRID         301         529.714 100.000 500.000
GRID         302         529.714 200.000 512.500
GRID         303         529.714 300.000 525.000
GRID         304         529.714 400.000 537.500
GRID         312         618.000-300.000 364.000
GRID         313         618.000-200.000 398.000
GRID         314         618.000-100.000 432.000
GRID         315         618.000   0.000 466.000
GRID         318         529.714-300.000 364.000
GRID         319         529.714-200.000 398.000
GRID         320         529.714-100.000 432.000
GRID         321         529.714   0.000 466.000
GRID         324         441.429-300.000 364.000
GRID         325         441.429-200.000 398.000
GRID         326         441.429-100.000 432.000
GRID         327         441.429   0.000 466.000
GRID         330         353.143-300.000 364.000
GRID         331         353.143-200.000 398.000
GRID         332         353.143-100.000 432.000
GRID         333         353.143   0.000 466.000
GRID         336         264.857-300.000 364.000
GRID         337         264.857-200.000 398.000
GRID         338         264.857-100.000 432.000
GRID         339         264.857   0.000 466.000
GRID         342         176.571-300.000 364.000
GRID         343         176.571-200.000 398.000
GRID         344         176.571-100.000 432.000
GRID         345         176.571   0.000 466.000
GRID         348          88.286-300.000 364.000
GRID         349          88.286-200.000 398.000
GRID         350          88.286-100.000 432.000
GRID         351          88.286   0.000 466.000
GRID         354           0.000-300.000 364.000
GRID         355           0.000-200.000 398.000
GRID         356           0.000-100.000 432.000
GRID         357           0.000   0.000 466.000
$
$ UNMODIFIED RBE2 DATA
$
$
$ MODIFIED GRID DATA
$
GRID    10000011           0.000-500.000   0.000
GRID    10000021           0.000-400.000   0.000
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GRID    10000071           0.000 100.000   0.000
GRID    10000081           0.000 200.000   0.000
GRID    10000091           0.000 300.000   0.000
GRID    10000101           0.000 400.000   0.000
GRID    10000111           0.000 500.000   0.000
GRID    10000221          88.286 500.000   0.000
GRID    10000331         176.571 500.000   0.000
GRID    10000441         264.857 500.000   0.000
GRID    10000551         353.143 500.000   0.000
GRID    10000661         441.429 500.000   0.000
GRID    10000771         529.714 500.000   0.000
GRID    10000881         618.000 500.000   0.000
GRID    10000871         618.000 400.000   0.000
GRID    10000861         618.000 300.000   0.000
GRID    10000851         618.000 200.000   0.000
GRID    10000841         618.000 100.000   0.000
GRID    10000791         618.000-400.000   0.000
GRID    10000781         618.000-500.000   0.000
GRID    10000671         529.714-500.000   0.000
GRID    10000121          88.286-500.000   0.000
$
$ WELD
CBUSH   801     801      1      901                             0
CBUSH   802     801      2      902                             0
CBUSH   803     801      7      907                             0
CBUSH   804     801      8      908                             0
CBUSH   805     801      9      909                             0
CBUSH   806     801     10      910                             0
CBUSH   807     801     11      911                             0
CBUSH   808     801     22      922                             0
CBUSH   809     801     33      933                             0
CBUSH   810     801     44      944                             0
CBUSH   811     801     55      955                             0
CBUSH   812     801     66      966                             0
CBUSH   813     801     77      977                             0
CBUSH   814     801     88      988                             0
CBUSH   815     801     87      987                             0
CBUSH   816     801     86      986                             0
CBUSH   817     801     85      985                             0
CBUSH   818     801     84      984                             0
CBUSH   819     801     79      979                             0
CBUSH   820     801     78      978                             0
CBUSH   821     801     67      967                             0
CBUSH   822     801     12      912                             0
$
PBUSH   801     K       .1E6    .1E6    .1E6    .1E7    .1E7    .1E7
$
ENDDATA
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2.59.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.5

                             BUILD CODE 200403081751 BETA

     PROJECT NAME: D059
     RUN STARTED:  Mar  8, 2004 18:11
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    1
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                             ANALYSIS PROBLEM SUMMARY
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                   NUMBER OF GRID POINTS:                    338
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        274
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   NUMBER OF CBUSH ELEMENTS:                  22
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       298
                   NUMBER OF ELEMENT PROPERTIES:              27
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            1896

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MAXIMIZE     FREQ
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      22
                  TOTAL NUMBER OF DESIGN VARIABLES:            22
                  NUMBER OF DIRECT RESPONSES:                   1
                  NUMBER OF SYNTHETIC RESPONSES:                2
                  NUMBER OF POTENTIAL CONSTRAINTS:              4

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    2
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1    3.553058E+04    3.000000E+01        18         0      10       0.14
      2    3.947842E-05    1.000000E-03         6         0       4       0.26
      3    2.316993E+03    7.660948E+00         7        12       2       0.56
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    3
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    4
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.782809E-02
                    SYSTEM VOLUME            2.348893E+06
                    SYSTEM MASS/VOLUME       7.590000E-09
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    5
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   6.180000E+02
                             LENGTH Y   1.000000E+03
                             LENGTH Z   5.500000E+02
                             AREA XY    6.180000E+05
                             AREA YZ    5.500000E+05
                             AREA XZ    3.399000E+05
                             VOLUME XYZ 3.399000E+08

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    6
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE
 FREE MODES                                                   LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  6.419083E+00  1.626694E+03  4.033229E+01  1.000000E+00  1.626694E+03
        2  8.248185E+00  2.685818E+03  5.182488E+01  1.000000E+00  2.685818E+03
        3  1.149417E+01  5.215727E+03  7.221999E+01  1.000000E+00  5.215727E+03
        4  1.267866E+01  6.346092E+03  7.966237E+01  1.000000E+00  6.346092E+03
        5  1.690484E+01  1.128189E+04  1.062163E+02  1.000000E+00  1.128189E+04
        6  1.873786E+01  1.386117E+04  1.177335E+02  1.000000E+00  1.386117E+04
        7  2.032552E+01  1.630958E+04  1.277090E+02  1.000000E+00  1.630958E+04
        8  2.112501E+01  1.761787E+04  1.327323E+02  1.000000E+00  1.761787E+04
        9  2.153180E+01  1.830292E+04  1.352883E+02  1.000000E+00  1.830292E+04
       10  2.701830E+01  2.881880E+04  1.697610E+02  1.000000E+00  2.881880E+04
       11  2.716166E+01  2.912543E+04  1.706617E+02  1.000000E+00  2.912543E+04
       12  2.931337E+01  3.392277E+04  1.841814E+02  1.000000E+00  3.392277E+04
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    7
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
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 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       AVG1           101            AVG1        0        1         4.550000E-01
       AVG3           102            AVG3        0        1         9.419638E-02
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    8
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.248185E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DV1         1.000000E-06    4.550000E-01    1.000000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE    9
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

  CONSTRAINT

                         RESPONSE 2
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    AVG1           101                  4.550000E-01  UB   4.600000E-01   A
    AVG3           102                  9.419638E-02  LB   4.500000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE   10
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
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 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT         FREQUENCY     EVALUES     NEW     TERM.     CPU
  COUNT       VALUE        (CYC./TIME)     BELOW     FOUND    CODE      TIME
  -----   -------------   -------------   -------   -------   -----   --------
      1    3.553058E+04    3.000000E+01        18         0      10       0.12
      2    3.947842E-05    1.000000E-03         6         3       4       0.29
      3    1.657725E+04    2.049162E+01        13         9       2       0.92
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE   11
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

      4    3.194378E+04    2.844548E+01        18         0      10       0.12
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  115
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

               ********************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  116
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.782809E-02
                    SYSTEM VOLUME            2.348893E+06
                    SYSTEM MASS/VOLUME       7.590000E-09
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  117
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   6.180000E+02
                             LENGTH Y   1.000000E+03
                             LENGTH Z   5.500000E+02
                             AREA XY    6.180000E+05
                             AREA YZ    5.500000E+05
                             AREA XZ    3.399000E+05
                             VOLUME XYZ 3.399000E+08

1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  118
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
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 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE
 FREE MODES                                                   LOADCASE         1

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  6.239078E+00  1.536741E+03  3.920129E+01  1.000000E+00  1.536741E+03
        2  8.170737E+00  2.635616E+03  5.133826E+01  1.000000E+00  2.635616E+03
        3  9.084268E+00  3.257914E+03  5.707814E+01  1.000000E+00  3.257914E+03
        4  9.215192E+00  3.352498E+03  5.790076E+01  1.000000E+00  3.352498E+03
        5  1.602317E+01  1.013577E+04  1.006766E+02  1.000000E+00  1.013577E+04
        6  1.708678E+01  1.152605E+04  1.073594E+02  1.000000E+00  1.152605E+04
        7  1.884883E+01  1.402582E+04  1.184307E+02  1.000000E+00  1.402582E+04
        8  2.018621E+01  1.608678E+04  1.268337E+02  1.000000E+00  1.608678E+04
        9  2.061915E+01  1.678422E+04  1.295539E+02  1.000000E+00  1.678422E+04
       10  2.334115E+01  2.150821E+04  1.466568E+02  1.000000E+00  2.150821E+04
       11  2.715907E+01  2.911989E+04  1.706455E+02  1.000000E+00  2.911989E+04
       12  2.825391E+01  3.151496E+04  1.775245E+02  1.000000E+00  3.151496E+04
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  119
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       AVG1           101            AVG1        0        1         4.585572E-01
       AVG3           102            AVG3        0        1         4.513733E-01
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  120
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

               ********************************************
               *  D E S I G N  C Y C L E     14 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.170737E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
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   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DV1         1.000000E-06    9.961712E-01    1.000000E+00
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  121
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

  CONSTRAINT

                         RESPONSE 2
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    AVG1           101                  4.585572E-01  UB   4.600000E-01   A
    AVG3           102                  4.513733E-01  LB   4.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  122
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 8.248E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  123
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     8.2482E+00        79.1%
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    1     8.2765E+00        70.8%
    2     8.2926E+00        53.7%
    3     8.2992E+00        36.3%
    4     8.2714E+00        16.4%
    5     8.2280E+00        14.1%
    6     8.2213E+00         9.3%
    7     8.2202E+00         6.7%
    8     8.2201E+00         5.0%
    9     8.2196E+00         3.7%
   10     8.2170E+00         3.6%
   11     8.1903E+00         0.9%
   12     8.1711E+00         0.0%
   13     8.1708E+00         0.0%
   14     8.1707E+00         0.0%
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:11  PAGE  124
 SPOT WELD LOCATION OPTIMIZATION USING TOPOMETRY OPTIMIZATION
 SELECT 10 BEST WELDS OUT OF 22 FOR MAXIMUM TORSION MODE

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
              DV1

    0     4.5500E-01
    1     5.6875E-01
    2     7.1094E-01
    3     8.8867E-01
    4     1.0000E+00*
    5     1.0000E+00*
    6     1.0000E+00*
    7     9.9999E-01
    8     1.0000E+00*
    9     1.0000E+00*
   10     1.0000E+00*
   11     1.0000E+00*
   12     1.0000E+00*
   13     9.9605E-01
   14     9.9617E-01

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
 ***** THERE WERE      132 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.60 Six Bead Patterns, Sizing and Curvature Optimization 
Using Topography, Topometry and Domains

Example ID:
D060

Design Data Used:
DTGRID, DVAR, DOMAIN, DVGRIDC, DSPLIT, DVPROP3, DRESP1, DRESPG, DOBJ, 
DCONS , DOPT

Special Feature Used:
DTGRID, DSPLIT and DOMAIN data to automatically generate shape and sizing design data.  
DRESPG data to enforce symmetry conditions. A DOMAIN is used to design an overall curva-
ture, while DTGRID is used to design bead patterns along the long side of the structure. DSPLIT 
is used to generate element-by-element (topometry) optimization.

Problem Statement:
Similar as D056 and D057. Here there is more design freedom. In this case each element thick-
enss can be designed.

Design Problem: 
Minimize Strain Energy.

1. 1 topography region (6 DTGRID data entry)
2. 1 DOMAIN element
3. 7 independent design variable (6 automatically created by DTGRID data)
4. 492 perturbation vectors (automatically created by DTGRID data)
5. 2 perturbation vectors for DOMAINs.
6. 9 Geometric responses to enforce symmetry (DRESPG with DISTZ)
7. 1 Topometry region (DVPROP3+DSPLIT)
8. 1 static load case
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9. 1 volume constraint.

Design Data Relationships: 

Results: 
The strain energy was reduced from 495.3 to 53.0. The final volume  increases from 432.0 to 
599.2 (upper bound on volume is 600.0). All geometric constraints are active with values close to 
zero, which means that symmetry conditions on shape changes are satisfied.
 

 
D O P T  
D T G R I D  
D O M A I N  
D V P R O P 3  D V A R   
D S P L I T    
D V G R I D C  D V A R   
D R E S P 1      D O B J   
D R E S P 1       D C O N S  
D R E S P G      D C O N S  
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2.60.1 Input Data
ID D060
POST=PUNCH
CEND
LINE = 64,80
TITLE = SIX BEADS PATTERN OPTIMIZATION. TOPOMETRY, TOPOGRAPHY AND DOMAINS
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
ECHO = NONE
SSOLID=YES,FIXNORM
THICKNESS=POST
APRINT=FLAST
DPRINT=FLAST
$
LOADCASE       20
   LABEL=BENDING
   SPC    =     200
   LOAD   =     200
$ NODE SET
SET  100 =     459,     460,     461,     462,     463,     464,     465,
               466,     467,     468,     469,     470,     471,     472,
               473,     474,     475,     476,     477,     500,     501,
               502,     503,     504,     505,     506,     507,     508,
               509,     510,     511,     512,     513,     514,     515,
               516,     517,     518,     541,     542,     543,     544,
               545,     546,     547,     548,     549,     550,     551,
               552,     553,     554,     555,     556,     557,     558,
               559,     582,     583,     584,     585,     586,     587,
               588,     589,     590,     591,     592,     593,     594,
               595,     596,     597,     598,     599,     600,     623,
               624,     625,     626,     627,     628,     629,     630,
               631,     632,     633,     634,     635,     636,     637,
               638,     639,     640,     641,     664,     665,     666,
               667,     668,     669,     670,     671,     672,     673,
               674,     675,     676,     677,     678,     679,     680,
               681,     682,     705,     706,     707,     708,     709,
               710,     711,     712,     713,     714,     715,     716,
               717,     718,     719,     720,     721,     722,     723,
               746,     747,     748,     749,     750,     751,     752,
               753,     754,     755,     756,     757,     758,     759,
               760,     761,     762,     763,     764,     787,     788,
               789,     790,     791,     792,     793,     794,     795,
               796,     797,     798,     799,     800,     801,     802,
               803,     804,     805,     828,     829,     830,     831,
               832,     833,     834,     835,     836,     837,     838,
               839,     840,     841,     842,     843,     844,     845,
               846,     869,     870,     871,     872,     873,     874,
               875,     876,     877,     878,     879,     880,     881,
               882,     883,     884,     885,     886,     887,     910,
               911,     912,     913,     914,     915,     916,     917,
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               918,     919,     920,     921,     922,     923,     924,
               925,     926,     927,     928,     951,     952,     953,
               954,     955,     956,     957,     958,     959,     960,
               961,     962,     963,     964,     965,     966,     967,
               968,     969,     992,     993,     994,     995,     996,
               997,     998,     999,    1000,    1001,    1002,    1003,
              1004,    1005,    1006,    1007,    1008,    1009,    1010,
              1033,    1034,    1035,    1036,    1037,    1038,    1039,
              1040,    1041,    1042,    1043,    1044,    1045,    1046,
              1047,    1048,    1049,    1050,    1051,    1074,    1075,
              1076,    1077,    1078,    1079,    1080,    1081,    1082,
              1083,    1084,    1085,    1086,    1087,    1088,    1089,
              1090,    1091,    1092,    1115,    1116,    1117,    1118,
              1119,    1120,    1121,    1122,    1123,    1124,    1125,
              1126,    1127,    1128,    1129,    1130,    1131,    1132,
              1133,    1156,    1157,    1158,    1159,    1160,    1161,
              1162,    1163,    1164,    1165,    1166,    1167,    1168,
              1169,    1170,    1171,    1172,    1173,    1174,    1197,
              1198,    1199,    1200,    1201,    1202,    1203,    1204,
              1205,    1206,    1207,    1208,    1209,    1210,    1211,
              1212,    1213,    1214,    1215,    1238,    1239,    1240,
              1241,    1242,    1243,    1244,    1245,    1246,    1247,
              1248,    1249,    1250,    1251,    1252,    1253,    1254,
              1255,    1256,    1279,    1280,    1281,    1282,    1283,
              1284,    1285,    1286,    1287,    1288,    1289,    1290,
              1291,    1292,    1293,    1294,    1295,    1296,    1297,
              1320,    1321,    1322,    1323,    1324,    1325,    1326,
              1327,    1328,    1329,    1330,    1331,    1332,    1333,
              1334,    1335,    1336,    1337,    1338,    1361,    1362,
              1363,    1364,    1365,    1366,    1367,    1368,    1369,
              1370,    1371,    1372,    1373,    1374,    1375,    1376,
              1377,    1378,    1379,    1402,    1403,    1404,    1405,
              1406,    1407,    1408,    1409,    1410,    1411,    1412,
              1413,    1414,    1415,    1416,    1417,    1418,    1419,
              1420,    1443,    1444,    1445,    1446,    1447,    1448,
              1449,    1450,    1451,    1452,    1453,    1454,    1455,
              1456,    1457,    1458,    1459,    1460,    1461,    1484,
              1485,    1486,    1487,    1488,    1489,    1490,    1491,
              1492,    1493,    1494,    1495,    1496,    1497,    1498,
              1499,    1500,    1501,    1502,    1525,    1526,    1527,
              1528,    1529,    1530,    1531,    1532,    1533,    1534,
              1535,    1536,    1537,    1538,    1539,    1540,    1541,
              1542,    1543,    1566,    1567,    1568,    1569,    1570,
              1571,    1572,    1573,    1574,    1575,    1576,    1577,
              1578,    1579,    1580,    1581,    1582,    1583,    1584,
              1607,    1608,    1609,    1610,    1611,    1612,    1613,
              1614,    1615,    1616,    1617,    1618,    1619,    1620,
              1621,    1622,    1623,    1624,    1625,    1648,    1649,
              1650,    1651,    1652,    1653,    1654,    1655,    1656,
              1657,    1658,    1659,    1660,    1661,    1662,    1663,
              1664,    1665,    1666,    1689,    1690,    1691,    1692,
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              1693,    1694,    1695,    1696,    1697,    1698,    1699,
              1700,    1701,    1702,    1703,    1704,    1705,    1706,
              1707,    1730,    1731,    1732,    1733,    1734,    1735,
              1736,    1737,    1738,    1739,    1740,    1741,    1742,
              1743,    1744,    1745,    1746,    1747,    1748,    1771,
              1772,    1773,    1774,    1775,    1776,    1777,    1778,
              1779,    1780,    1781,    1782,    1783,    1784,    1785,
              1786,    1787,    1788,    1789,    1812,    1813,    1814,
              1815,    1816,    1817,    1818,    1819,    1820,    1821,
              1822,    1823,    1824,    1825,    1826,    1827,    1828,
              1829,    1830,    1853,    1854,    1855,    1856,    1857,
              1858,    1859,    1860,    1861,    1862,    1863,    1864,
              1865,    1866,    1867,    1868,    1869,    1870,    1871,
              1894,    1895,    1896,    1897,    1898,    1899,    1900,
              1901,    1902,    1903,    1904,    1905,    1906,    1907,
              1908,    1909,    1910,    1911,    1912,    1935,    1936,
              1937,    1938,    1939,    1940,    1941,    1942,    1943,
              1944,    1945,    1946,    1947,    1948,    1949,    1950,
              1951,    1952,    1953,    1976,    1977,    1978,    1979,
              1980,    1981,    1982,    1983,    1984,    1985,    1986,
              1987,    1988,    1989,    1990,    1991,    1992,    1993,
              1994,    2017,    2018,    2019,    2020,    2021,    2022,
              2023,    2024,    2025,    2026,    2027,    2028,    2029,
              2030,    2031,    2032,    2033,    2034,    2035,    2058,
              2059,    2060,    2061,    2062,    2063,    2064,    2065,
              2066,    2067,    2068,    2069,    2070,    2071,    2072,
              2073,    2074,    2075,    2076,    2099,    2100,    2101,
              2102,    2103,    2104,    2105,    2106,    2107,    2108,
              2109,    2110,    2111,    2112,    2113,    2114,    2115,
              2116,    2117
$ ELEMENT SET
SET 2001 =      19,      59,      99,     139,     179,     219,     259,
               299,     339,     379,     419,     459,     499,     539,
               579,     619,     659,     699,     739,     779,     819,
               859,     899,     939,     979,    1019,    1059,    1099,
              1139,    1179,    1219,    1259,    1299,    1339,    1379,
              1419,    1459,    1499,    1539,    1579
$ ELEMENT SET
SET 2002 =      16,      56,      96,     136,     176,     216,     256,
               296,     336,     376,     416,     456,     496,     536,
               576,     616,     656,     696,     736,     776,     816,
               856,     896,     936,     976,    1016,    1056,    1096,
              1136,    1176,    1216,    1256,    1296,    1336,    1376,
              1416,    1456,    1496,    1536,    1576
$ ELEMENT SET
SET 2003 =      13,      53,      93,     133,     173,     213,     253,
               293,     333,     373,     413,     453,     493,     533,
               573,     613,     653,     693,     733,     773,     813,
               853,     893,     933,     973,    1013,    1053,    1093,
              1133,    1173,    1213,    1253,    1293,    1333,    1373,
              1413,    1453,    1493,    1533,    1573
1088 Design Examples Manual November 2009 GENESIS



$ ELEMENT SET
SET 2004 =      10,      50,      90,     130,     170,     210,     250,
               290,     330,     370,     410,     450,     490,     530,
               570,     610,     650,     690,     730,     770,     810,
               850,     890,     930,     970,    1010,    1050,    1090,
              1130,    1170,    1210,    1250,    1290,    1330,    1370,
              1410,    1450,    1490,    1530,    1570
$ ELEMENT SET
SET 2005 =       7,      47,      87,     127,     167,     207,     247,
               287,     327,     367,     407,     447,     487,     527,
               567,     607,     647,     687,     727,     767,     807,
               847,     887,     927,     967,    1007,    1047,    1087,
              1127,    1167,    1207,    1247,    1287,    1327,    1367,
              1407,    1447,    1487,    1527,    1567
$ ELEMENT SET
SET 2006 =       4,      44,      84,     124,     164,     204,     244,
               284,     324,     364,     404,     444,     484,     524,
               564,     604,     644,     684,     724,     764,     804,
               844,     884,     924,     964,    1004,    1044,    1084,
              1124,    1164,    1204,    1244,    1284,    1324,    1364,
              1404,    1444,    1484,    1524,    1564
BEGIN BULK
$  --- DESIGN DATA ---
$
$--- DESIGN MODEL DESCRIPTION
$
DOPT        30
$
$ DESIGN VARIABLE
$
DVAR           1DOMAIN_Z    0.0     0.0 1.0
$
DOMAIN       100
+       QUAD4        477     459    2099    2117
+       GSET         100
$
DVGRIDC        1    2108                    0.0     0.0 2.000000       0
DVGRIDC        1     468                    0.0     0.0 2.000000       0
$
$ TOPOGRAPHY REGIONS
$
$ 1) DESIGN ALL GRID ASSOCIATED TO EACH ELEMENT SET
$    ALLOWI THE EDGES TO MOVE (EDEGEM=EDGE)
$ 2) MAXIMUM DIMEN1 = 1.00
$ 3) USE A LARGE DIMEN2 (100.0) TO FORCE THE USE OF ONE DESIGN VARIABLE
$    PER TOPOGRAPHY REGION. THIS PRODUCES BEAD PATTERNS WITH  CONSTANT
$    HEIGHTS
$ 4) USE PERTM = BASIC (THIS WILL HELP TO ELIMINATE THE USE OF DEPENDENT
$    DESIGN VARIABLES. THIS IS FOR THIS SPECIAL CASE WHERE 1 DESIGN
$    THERE IS ONE DESIGN VARIABLE PER TOPGRAPHY REGION)
$ 5) ALLOW GRIDS TO MOVE ONLY ON POSITIVE SIDE OF PLATE (LB=0.0)
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$
$
DTGRID  1       T_BEAD1 ESET    2001    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  2       T_BEAD2 ESET    2002    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  3       T_BEAD3 ESET    2003    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  4       T_BEAD4 ESET    2004    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  5       T_BEAD5 ESET    2005    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DTGRID  6       T_BEAD6 ESET    2006    EDGE    BASIC
+       SHAPE   CONE    1.0     100.0
+       DVAR            0.0
$
DSPLIT  4
DVAR           2THCK4   0.6     0.1     1.2
DVPROP3        1       4   SOLID       1
+              2
$
$ RESPONSES
DRESP1       100SENERGY SENERGY
DRESP1       200VOLUME  VOLUME
DRESPG  1001    DISTZ   DISTZ                           2099    2117
DRESPG  1002    DISTZ   DISTZ                           2100    2116
DRESPG  1003    DISTZ   DISTZ                           2101    2115
DRESPG  1004    DISTZ   DISTZ                           2102    2114
DRESPG  1005    DISTZ   DISTZ                           2103    2113
DRESPG  1006    DISTZ   DISTZ                           2104    2112
DRESPG  1007    DISTZ   DISTZ                           2105    2111
DRESPG  1008    DISTZ   DISTZ                           2106    2110
DRESPG  1009    DISTZ   DISTZ                           2107    2109
$
$
$ OBJECTIVE FUNCTION
DOBJ         100SEN
$
$ CONSTRAINTS - VOLUME
DCONS   200                     600.00
$
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$ CONSTRAINTS - DISTANCE FOR SYMMETRY
DCONS   1001                    0.001
DCONS   1002                    0.001
DCONS   1003                    0.001
DCONS   1004                    0.001
DCONS   1005                    0.001
DCONS   1006                    0.001
DCONS   1007                    0.001
DCONS   1008                    0.001
DCONS   1009                    0.001
$
$
$  --- ANALYSIS DATA ---
PSHELL         4       1     0.6       1               1                P2
CQUAD4         3       4     459     500     501     460
CQUAD4         4       4     460     501     502     461
CQUAD4         5       4     461     502     503     462
CQUAD4         6       4     462     503     504     463
CQUAD4         7       4     463     504     505     464
CQUAD4         8       4     464     505     506     465
CQUAD4         9       4     465     506     507     466
CQUAD4        10       4     466     507     508     467
CQUAD4        11       4     467     508     509     468
CQUAD4        12       4     468     509     510     469
CQUAD4        13       4     469     510     511     470
CQUAD4        14       4     470     511     512     471
CQUAD4        15       4     471     512     513     472
CQUAD4        16       4     472     513     514     473
CQUAD4        17       4     473     514     515     474
CQUAD4        18       4     474     515     516     475
CQUAD4        19       4     475     516     517     476
CQUAD4        20       4     476     517     518     477
CQUAD4        43       4     500     541     542     501
CQUAD4        44       4     501     542     543     502
CQUAD4        45       4     502     543     544     503
CQUAD4        46       4     503     544     545     504
CQUAD4        47       4     504     545     546     505
CQUAD4        48       4     505     546     547     506
CQUAD4        49       4     506     547     548     507
CQUAD4        50       4     507     548     549     508
CQUAD4        51       4     508     549     550     509
CQUAD4        52       4     509     550     551     510
CQUAD4        53       4     510     551     552     511
CQUAD4        54       4     511     552     553     512
CQUAD4        55       4     512     553     554     513
CQUAD4        56       4     513     554     555     514
CQUAD4        57       4     514     555     556     515
CQUAD4        58       4     515     556     557     516
CQUAD4        59       4     516     557     558     517
CQUAD4        60       4     517     558     559     518
CQUAD4        83       4     541     582     583     542
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CQUAD4        84       4     542     583     584     543
CQUAD4        85       4     543     584     585     544
CQUAD4        86       4     544     585     586     545
CQUAD4        87       4     545     586     587     546
CQUAD4        88       4     546     587     588     547
CQUAD4        89       4     547     588     589     548
CQUAD4        90       4     548     589     590     549
CQUAD4        91       4     549     590     591     550
CQUAD4        92       4     550     591     592     551
CQUAD4        93       4     551     592     593     552
CQUAD4        94       4     552     593     594     553
CQUAD4        95       4     553     594     595     554
CQUAD4        96       4     554     595     596     555
CQUAD4        97       4     555     596     597     556
CQUAD4        98       4     556     597     598     557
CQUAD4        99       4     557     598     599     558
CQUAD4       100       4     558     599     600     559
CQUAD4       123       4     582     623     624     583
CQUAD4       124       4     583     624     625     584
CQUAD4       125       4     584     625     626     585
CQUAD4       126       4     585     626     627     586
CQUAD4       127       4     586     627     628     587
CQUAD4       128       4     587     628     629     588
CQUAD4       129       4     588     629     630     589
CQUAD4       130       4     589     630     631     590
CQUAD4       131       4     590     631     632     591
CQUAD4       132       4     591     632     633     592
CQUAD4       133       4     592     633     634     593
CQUAD4       134       4     593     634     635     594
CQUAD4       135       4     594     635     636     595
CQUAD4       136       4     595     636     637     596
CQUAD4       137       4     596     637     638     597
CQUAD4       138       4     597     638     639     598
CQUAD4       139       4     598     639     640     599
CQUAD4       140       4     599     640     641     600
CQUAD4       163       4     623     664     665     624
CQUAD4       164       4     624     665     666     625
CQUAD4       165       4     625     666     667     626
CQUAD4       166       4     626     667     668     627
CQUAD4       167       4     627     668     669     628
CQUAD4       168       4     628     669     670     629
CQUAD4       169       4     629     670     671     630
CQUAD4       170       4     630     671     672     631
CQUAD4       171       4     631     672     673     632
CQUAD4       172       4     632     673     674     633
CQUAD4       173       4     633     674     675     634
CQUAD4       174       4     634     675     676     635
CQUAD4       175       4     635     676     677     636
CQUAD4       176       4     636     677     678     637
CQUAD4       177       4     637     678     679     638
CQUAD4       178       4     638     679     680     639
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CQUAD4       179       4     639     680     681     640
CQUAD4       180       4     640     681     682     641
CQUAD4       203       4     664     705     706     665
CQUAD4       204       4     665     706     707     666
CQUAD4       205       4     666     707     708     667
CQUAD4       206       4     667     708     709     668
CQUAD4       207       4     668     709     710     669
CQUAD4       208       4     669     710     711     670
CQUAD4       209       4     670     711     712     671
CQUAD4       210       4     671     712     713     672
CQUAD4       211       4     672     713     714     673
CQUAD4       212       4     673     714     715     674
CQUAD4       213       4     674     715     716     675
CQUAD4       214       4     675     716     717     676
CQUAD4       215       4     676     717     718     677
CQUAD4       216       4     677     718     719     678
CQUAD4       217       4     678     719     720     679
CQUAD4       218       4     679     720     721     680
CQUAD4       219       4     680     721     722     681
CQUAD4       220       4     681     722     723     682
CQUAD4       243       4     705     746     747     706
CQUAD4       244       4     706     747     748     707
CQUAD4       245       4     707     748     749     708
CQUAD4       246       4     708     749     750     709
CQUAD4       247       4     709     750     751     710
CQUAD4       248       4     710     751     752     711
CQUAD4       249       4     711     752     753     712
CQUAD4       250       4     712     753     754     713
CQUAD4       251       4     713     754     755     714
CQUAD4       252       4     714     755     756     715
CQUAD4       253       4     715     756     757     716
CQUAD4       254       4     716     757     758     717
CQUAD4       255       4     717     758     759     718
CQUAD4       256       4     718     759     760     719
CQUAD4       257       4     719     760     761     720
CQUAD4       258       4     720     761     762     721
CQUAD4       259       4     721     762     763     722
CQUAD4       260       4     722     763     764     723
CQUAD4       283       4     746     787     788     747
CQUAD4       284       4     747     788     789     748
CQUAD4       285       4     748     789     790     749
CQUAD4       286       4     749     790     791     750
CQUAD4       287       4     750     791     792     751
CQUAD4       288       4     751     792     793     752
CQUAD4       289       4     752     793     794     753
CQUAD4       290       4     753     794     795     754
CQUAD4       291       4     754     795     796     755
CQUAD4       292       4     755     796     797     756
CQUAD4       293       4     756     797     798     757
CQUAD4       294       4     757     798     799     758
CQUAD4       295       4     758     799     800     759
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CQUAD4       296       4     759     800     801     760
CQUAD4       297       4     760     801     802     761
CQUAD4       298       4     761     802     803     762
CQUAD4       299       4     762     803     804     763
CQUAD4       300       4     763     804     805     764
CQUAD4       323       4     787     828     829     788
CQUAD4       324       4     788     829     830     789
CQUAD4       325       4     789     830     831     790
CQUAD4       326       4     790     831     832     791
CQUAD4       327       4     791     832     833     792
CQUAD4       328       4     792     833     834     793
CQUAD4       329       4     793     834     835     794
CQUAD4       330       4     794     835     836     795
CQUAD4       331       4     795     836     837     796
CQUAD4       332       4     796     837     838     797
CQUAD4       333       4     797     838     839     798
CQUAD4       334       4     798     839     840     799
CQUAD4       335       4     799     840     841     800
CQUAD4       336       4     800     841     842     801
CQUAD4       337       4     801     842     843     802
CQUAD4       338       4     802     843     844     803
CQUAD4       339       4     803     844     845     804
CQUAD4       340       4     804     845     846     805
CQUAD4       363       4     828     869     870     829
CQUAD4       364       4     829     870     871     830
CQUAD4       365       4     830     871     872     831
CQUAD4       366       4     831     872     873     832
CQUAD4       367       4     832     873     874     833
CQUAD4       368       4     833     874     875     834
CQUAD4       369       4     834     875     876     835
CQUAD4       370       4     835     876     877     836
CQUAD4       371       4     836     877     878     837
CQUAD4       372       4     837     878     879     838
CQUAD4       373       4     838     879     880     839
CQUAD4       374       4     839     880     881     840
CQUAD4       375       4     840     881     882     841
CQUAD4       376       4     841     882     883     842
CQUAD4       377       4     842     883     884     843
CQUAD4       378       4     843     884     885     844
CQUAD4       379       4     844     885     886     845
CQUAD4       380       4     845     886     887     846
CQUAD4       403       4     869     910     911     870
CQUAD4       404       4     870     911     912     871
CQUAD4       405       4     871     912     913     872
CQUAD4       406       4     872     913     914     873
CQUAD4       407       4     873     914     915     874
CQUAD4       408       4     874     915     916     875
CQUAD4       409       4     875     916     917     876
CQUAD4       410       4     876     917     918     877
CQUAD4       411       4     877     918     919     878
CQUAD4       412       4     878     919     920     879
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CQUAD4       413       4     879     920     921     880
CQUAD4       414       4     880     921     922     881
CQUAD4       415       4     881     922     923     882
CQUAD4       416       4     882     923     924     883
CQUAD4       417       4     883     924     925     884
CQUAD4       418       4     884     925     926     885
CQUAD4       419       4     885     926     927     886
CQUAD4       420       4     886     927     928     887
CQUAD4       443       4     910     951     952     911
CQUAD4       444       4     911     952     953     912
CQUAD4       445       4     912     953     954     913
CQUAD4       446       4     913     954     955     914
CQUAD4       447       4     914     955     956     915
CQUAD4       448       4     915     956     957     916
CQUAD4       449       4     916     957     958     917
CQUAD4       450       4     917     958     959     918
CQUAD4       451       4     918     959     960     919
CQUAD4       452       4     919     960     961     920
CQUAD4       453       4     920     961     962     921
CQUAD4       454       4     921     962     963     922
CQUAD4       455       4     922     963     964     923
CQUAD4       456       4     923     964     965     924
CQUAD4       457       4     924     965     966     925
CQUAD4       458       4     925     966     967     926
CQUAD4       459       4     926     967     968     927
CQUAD4       460       4     927     968     969     928
CQUAD4       483       4     951     992     993     952
CQUAD4       484       4     952     993     994     953
CQUAD4       485       4     953     994     995     954
CQUAD4       486       4     954     995     996     955
CQUAD4       487       4     955     996     997     956
CQUAD4       488       4     956     997     998     957
CQUAD4       489       4     957     998     999     958
CQUAD4       490       4     958     999    1000     959
CQUAD4       491       4     959    1000    1001     960
CQUAD4       492       4     960    1001    1002     961
CQUAD4       493       4     961    1002    1003     962
CQUAD4       494       4     962    1003    1004     963
CQUAD4       495       4     963    1004    1005     964
CQUAD4       496       4     964    1005    1006     965
CQUAD4       497       4     965    1006    1007     966
CQUAD4       498       4     966    1007    1008     967
CQUAD4       499       4     967    1008    1009     968
CQUAD4       500       4     968    1009    1010     969
CQUAD4       523       4     992    1033    1034     993
CQUAD4       524       4     993    1034    1035     994
CQUAD4       525       4     994    1035    1036     995
CQUAD4       526       4     995    1036    1037     996
CQUAD4       527       4     996    1037    1038     997
CQUAD4       528       4     997    1038    1039     998
CQUAD4       529       4     998    1039    1040     999
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CQUAD4       530       4     999    1040    1041    1000
CQUAD4       531       4    1000    1041    1042    1001
CQUAD4       532       4    1001    1042    1043    1002
CQUAD4       533       4    1002    1043    1044    1003
CQUAD4       534       4    1003    1044    1045    1004
CQUAD4       535       4    1004    1045    1046    1005
CQUAD4       536       4    1005    1046    1047    1006
CQUAD4       537       4    1006    1047    1048    1007
CQUAD4       538       4    1007    1048    1049    1008
CQUAD4       539       4    1008    1049    1050    1009
CQUAD4       540       4    1009    1050    1051    1010
CQUAD4       563       4    1033    1074    1075    1034
CQUAD4       564       4    1034    1075    1076    1035
CQUAD4       565       4    1035    1076    1077    1036
CQUAD4       566       4    1036    1077    1078    1037
CQUAD4       567       4    1037    1078    1079    1038
CQUAD4       568       4    1038    1079    1080    1039
CQUAD4       569       4    1039    1080    1081    1040
CQUAD4       570       4    1040    1081    1082    1041
CQUAD4       571       4    1041    1082    1083    1042
CQUAD4       572       4    1042    1083    1084    1043
CQUAD4       573       4    1043    1084    1085    1044
CQUAD4       574       4    1044    1085    1086    1045
CQUAD4       575       4    1045    1086    1087    1046
CQUAD4       576       4    1046    1087    1088    1047
CQUAD4       577       4    1047    1088    1089    1048
CQUAD4       578       4    1048    1089    1090    1049
CQUAD4       579       4    1049    1090    1091    1050
CQUAD4       580       4    1050    1091    1092    1051
CQUAD4       603       4    1074    1115    1116    1075
CQUAD4       604       4    1075    1116    1117    1076
CQUAD4       605       4    1076    1117    1118    1077
CQUAD4       606       4    1077    1118    1119    1078
CQUAD4       607       4    1078    1119    1120    1079
CQUAD4       608       4    1079    1120    1121    1080
CQUAD4       609       4    1080    1121    1122    1081
CQUAD4       610       4    1081    1122    1123    1082
CQUAD4       611       4    1082    1123    1124    1083
CQUAD4       612       4    1083    1124    1125    1084
CQUAD4       613       4    1084    1125    1126    1085
CQUAD4       614       4    1085    1126    1127    1086
CQUAD4       615       4    1086    1127    1128    1087
CQUAD4       616       4    1087    1128    1129    1088
CQUAD4       617       4    1088    1129    1130    1089
CQUAD4       618       4    1089    1130    1131    1090
CQUAD4       619       4    1090    1131    1132    1091
CQUAD4       620       4    1091    1132    1133    1092
CQUAD4       643       4    1115    1156    1157    1116
CQUAD4       644       4    1116    1157    1158    1117
CQUAD4       645       4    1117    1158    1159    1118
CQUAD4       646       4    1118    1159    1160    1119
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CQUAD4       647       4    1119    1160    1161    1120
CQUAD4       648       4    1120    1161    1162    1121
CQUAD4       649       4    1121    1162    1163    1122
CQUAD4       650       4    1122    1163    1164    1123
CQUAD4       651       4    1123    1164    1165    1124
CQUAD4       652       4    1124    1165    1166    1125
CQUAD4       653       4    1125    1166    1167    1126
CQUAD4       654       4    1126    1167    1168    1127
CQUAD4       655       4    1127    1168    1169    1128
CQUAD4       656       4    1128    1169    1170    1129
CQUAD4       657       4    1129    1170    1171    1130
CQUAD4       658       4    1130    1171    1172    1131
CQUAD4       659       4    1131    1172    1173    1132
CQUAD4       660       4    1132    1173    1174    1133
CQUAD4       683       4    1156    1197    1198    1157
CQUAD4       684       4    1157    1198    1199    1158
CQUAD4       685       4    1158    1199    1200    1159
CQUAD4       686       4    1159    1200    1201    1160
CQUAD4       687       4    1160    1201    1202    1161
CQUAD4       688       4    1161    1202    1203    1162
CQUAD4       689       4    1162    1203    1204    1163
CQUAD4       690       4    1163    1204    1205    1164
CQUAD4       691       4    1164    1205    1206    1165
CQUAD4       692       4    1165    1206    1207    1166
CQUAD4       693       4    1166    1207    1208    1167
CQUAD4       694       4    1167    1208    1209    1168
CQUAD4       695       4    1168    1209    1210    1169
CQUAD4       696       4    1169    1210    1211    1170
CQUAD4       697       4    1170    1211    1212    1171
CQUAD4       698       4    1171    1212    1213    1172
CQUAD4       699       4    1172    1213    1214    1173
CQUAD4       700       4    1173    1214    1215    1174
CQUAD4       723       4    1197    1238    1239    1198
CQUAD4       724       4    1198    1239    1240    1199
CQUAD4       725       4    1199    1240    1241    1200
CQUAD4       726       4    1200    1241    1242    1201
CQUAD4       727       4    1201    1242    1243    1202
CQUAD4       728       4    1202    1243    1244    1203
CQUAD4       729       4    1203    1244    1245    1204
CQUAD4       730       4    1204    1245    1246    1205
CQUAD4       731       4    1205    1246    1247    1206
CQUAD4       732       4    1206    1247    1248    1207
CQUAD4       733       4    1207    1248    1249    1208
CQUAD4       734       4    1208    1249    1250    1209
CQUAD4       735       4    1209    1250    1251    1210
CQUAD4       736       4    1210    1251    1252    1211
CQUAD4       737       4    1211    1252    1253    1212
CQUAD4       738       4    1212    1253    1254    1213
CQUAD4       739       4    1213    1254    1255    1214
CQUAD4       740       4    1214    1255    1256    1215
CQUAD4       763       4    1238    1279    1280    1239
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CQUAD4       764       4    1239    1280    1281    1240
CQUAD4       765       4    1240    1281    1282    1241
CQUAD4       766       4    1241    1282    1283    1242
CQUAD4       767       4    1242    1283    1284    1243
CQUAD4       768       4    1243    1284    1285    1244
CQUAD4       769       4    1244    1285    1286    1245
CQUAD4       770       4    1245    1286    1287    1246
CQUAD4       771       4    1246    1287    1288    1247
CQUAD4       772       4    1247    1288    1289    1248
CQUAD4       773       4    1248    1289    1290    1249
CQUAD4       774       4    1249    1290    1291    1250
CQUAD4       775       4    1250    1291    1292    1251
CQUAD4       776       4    1251    1292    1293    1252
CQUAD4       777       4    1252    1293    1294    1253
CQUAD4       778       4    1253    1294    1295    1254
CQUAD4       779       4    1254    1295    1296    1255
CQUAD4       780       4    1255    1296    1297    1256
CQUAD4       803       4    1279    1320    1321    1280
CQUAD4       804       4    1280    1321    1322    1281
CQUAD4       805       4    1281    1322    1323    1282
CQUAD4       806       4    1282    1323    1324    1283
CQUAD4       807       4    1283    1324    1325    1284
CQUAD4       808       4    1284    1325    1326    1285
CQUAD4       809       4    1285    1326    1327    1286
CQUAD4       810       4    1286    1327    1328    1287
CQUAD4       811       4    1287    1328    1329    1288
CQUAD4       812       4    1288    1329    1330    1289
CQUAD4       813       4    1289    1330    1331    1290
CQUAD4       814       4    1290    1331    1332    1291
CQUAD4       815       4    1291    1332    1333    1292
CQUAD4       816       4    1292    1333    1334    1293
CQUAD4       817       4    1293    1334    1335    1294
CQUAD4       818       4    1294    1335    1336    1295
CQUAD4       819       4    1295    1336    1337    1296
CQUAD4       820       4    1296    1337    1338    1297
CQUAD4       843       4    1320    1361    1362    1321
CQUAD4       844       4    1321    1362    1363    1322
CQUAD4       845       4    1322    1363    1364    1323
CQUAD4       846       4    1323    1364    1365    1324
CQUAD4       847       4    1324    1365    1366    1325
CQUAD4       848       4    1325    1366    1367    1326
CQUAD4       849       4    1326    1367    1368    1327
CQUAD4       850       4    1327    1368    1369    1328
CQUAD4       851       4    1328    1369    1370    1329
CQUAD4       852       4    1329    1370    1371    1330
CQUAD4       853       4    1330    1371    1372    1331
CQUAD4       854       4    1331    1372    1373    1332
CQUAD4       855       4    1332    1373    1374    1333
CQUAD4       856       4    1333    1374    1375    1334
CQUAD4       857       4    1334    1375    1376    1335
CQUAD4       858       4    1335    1376    1377    1336
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CQUAD4       859       4    1336    1377    1378    1337
CQUAD4       860       4    1337    1378    1379    1338
CQUAD4       883       4    1361    1402    1403    1362
CQUAD4       884       4    1362    1403    1404    1363
CQUAD4       885       4    1363    1404    1405    1364
CQUAD4       886       4    1364    1405    1406    1365
CQUAD4       887       4    1365    1406    1407    1366
CQUAD4       888       4    1366    1407    1408    1367
CQUAD4       889       4    1367    1408    1409    1368
CQUAD4       890       4    1368    1409    1410    1369
CQUAD4       891       4    1369    1410    1411    1370
CQUAD4       892       4    1370    1411    1412    1371
CQUAD4       893       4    1371    1412    1413    1372
CQUAD4       894       4    1372    1413    1414    1373
CQUAD4       895       4    1373    1414    1415    1374
CQUAD4       896       4    1374    1415    1416    1375
CQUAD4       897       4    1375    1416    1417    1376
CQUAD4       898       4    1376    1417    1418    1377
CQUAD4       899       4    1377    1418    1419    1378
CQUAD4       900       4    1378    1419    1420    1379
CQUAD4       923       4    1402    1443    1444    1403
CQUAD4       924       4    1403    1444    1445    1404
CQUAD4       925       4    1404    1445    1446    1405
CQUAD4       926       4    1405    1446    1447    1406
CQUAD4       927       4    1406    1447    1448    1407
CQUAD4       928       4    1407    1448    1449    1408
CQUAD4       929       4    1408    1449    1450    1409
CQUAD4       930       4    1409    1450    1451    1410
CQUAD4       931       4    1410    1451    1452    1411
CQUAD4       932       4    1411    1452    1453    1412
CQUAD4       933       4    1412    1453    1454    1413
CQUAD4       934       4    1413    1454    1455    1414
CQUAD4       935       4    1414    1455    1456    1415
CQUAD4       936       4    1415    1456    1457    1416
CQUAD4       937       4    1416    1457    1458    1417
CQUAD4       938       4    1417    1458    1459    1418
CQUAD4       939       4    1418    1459    1460    1419
CQUAD4       940       4    1419    1460    1461    1420
CQUAD4       963       4    1443    1484    1485    1444
CQUAD4       964       4    1444    1485    1486    1445
CQUAD4       965       4    1445    1486    1487    1446
CQUAD4       966       4    1446    1487    1488    1447
CQUAD4       967       4    1447    1488    1489    1448
CQUAD4       968       4    1448    1489    1490    1449
CQUAD4       969       4    1449    1490    1491    1450
CQUAD4       970       4    1450    1491    1492    1451
CQUAD4       971       4    1451    1492    1493    1452
CQUAD4       972       4    1452    1493    1494    1453
CQUAD4       973       4    1453    1494    1495    1454
CQUAD4       974       4    1454    1495    1496    1455
CQUAD4       975       4    1455    1496    1497    1456
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CQUAD4       976       4    1456    1497    1498    1457
CQUAD4       977       4    1457    1498    1499    1458
CQUAD4       978       4    1458    1499    1500    1459
CQUAD4       979       4    1459    1500    1501    1460
CQUAD4       980       4    1460    1501    1502    1461
CQUAD4      1003       4    1484    1525    1526    1485
CQUAD4      1004       4    1485    1526    1527    1486
CQUAD4      1005       4    1486    1527    1528    1487
CQUAD4      1006       4    1487    1528    1529    1488
CQUAD4      1007       4    1488    1529    1530    1489
CQUAD4      1008       4    1489    1530    1531    1490
CQUAD4      1009       4    1490    1531    1532    1491
CQUAD4      1010       4    1491    1532    1533    1492
CQUAD4      1011       4    1492    1533    1534    1493
CQUAD4      1012       4    1493    1534    1535    1494
CQUAD4      1013       4    1494    1535    1536    1495
CQUAD4      1014       4    1495    1536    1537    1496
CQUAD4      1015       4    1496    1537    1538    1497
CQUAD4      1016       4    1497    1538    1539    1498
CQUAD4      1017       4    1498    1539    1540    1499
CQUAD4      1018       4    1499    1540    1541    1500
CQUAD4      1019       4    1500    1541    1542    1501
CQUAD4      1020       4    1501    1542    1543    1502
CQUAD4      1043       4    1525    1566    1567    1526
CQUAD4      1044       4    1526    1567    1568    1527
CQUAD4      1045       4    1527    1568    1569    1528
CQUAD4      1046       4    1528    1569    1570    1529
CQUAD4      1047       4    1529    1570    1571    1530
CQUAD4      1048       4    1530    1571    1572    1531
CQUAD4      1049       4    1531    1572    1573    1532
CQUAD4      1050       4    1532    1573    1574    1533
CQUAD4      1051       4    1533    1574    1575    1534
CQUAD4      1052       4    1534    1575    1576    1535
CQUAD4      1053       4    1535    1576    1577    1536
CQUAD4      1054       4    1536    1577    1578    1537
CQUAD4      1055       4    1537    1578    1579    1538
CQUAD4      1056       4    1538    1579    1580    1539
CQUAD4      1057       4    1539    1580    1581    1540
CQUAD4      1058       4    1540    1581    1582    1541
CQUAD4      1059       4    1541    1582    1583    1542
CQUAD4      1060       4    1542    1583    1584    1543
CQUAD4      1083       4    1566    1607    1608    1567
CQUAD4      1084       4    1567    1608    1609    1568
CQUAD4      1085       4    1568    1609    1610    1569
CQUAD4      1086       4    1569    1610    1611    1570
CQUAD4      1087       4    1570    1611    1612    1571
CQUAD4      1088       4    1571    1612    1613    1572
CQUAD4      1089       4    1572    1613    1614    1573
CQUAD4      1090       4    1573    1614    1615    1574
CQUAD4      1091       4    1574    1615    1616    1575
CQUAD4      1092       4    1575    1616    1617    1576
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CQUAD4      1093       4    1576    1617    1618    1577
CQUAD4      1094       4    1577    1618    1619    1578
CQUAD4      1095       4    1578    1619    1620    1579
CQUAD4      1096       4    1579    1620    1621    1580
CQUAD4      1097       4    1580    1621    1622    1581
CQUAD4      1098       4    1581    1622    1623    1582
CQUAD4      1099       4    1582    1623    1624    1583
CQUAD4      1100       4    1583    1624    1625    1584
CQUAD4      1123       4    1607    1648    1649    1608
CQUAD4      1124       4    1608    1649    1650    1609
CQUAD4      1125       4    1609    1650    1651    1610
CQUAD4      1126       4    1610    1651    1652    1611
CQUAD4      1127       4    1611    1652    1653    1612
CQUAD4      1128       4    1612    1653    1654    1613
CQUAD4      1129       4    1613    1654    1655    1614
CQUAD4      1130       4    1614    1655    1656    1615
CQUAD4      1131       4    1615    1656    1657    1616
CQUAD4      1132       4    1616    1657    1658    1617
CQUAD4      1133       4    1617    1658    1659    1618
CQUAD4      1134       4    1618    1659    1660    1619
CQUAD4      1135       4    1619    1660    1661    1620
CQUAD4      1136       4    1620    1661    1662    1621
CQUAD4      1137       4    1621    1662    1663    1622
CQUAD4      1138       4    1622    1663    1664    1623
CQUAD4      1139       4    1623    1664    1665    1624
CQUAD4      1140       4    1624    1665    1666    1625
CQUAD4      1163       4    1648    1689    1690    1649
CQUAD4      1164       4    1649    1690    1691    1650
CQUAD4      1165       4    1650    1691    1692    1651
CQUAD4      1166       4    1651    1692    1693    1652
CQUAD4      1167       4    1652    1693    1694    1653
CQUAD4      1168       4    1653    1694    1695    1654
CQUAD4      1169       4    1654    1695    1696    1655
CQUAD4      1170       4    1655    1696    1697    1656
CQUAD4      1171       4    1656    1697    1698    1657
CQUAD4      1172       4    1657    1698    1699    1658
CQUAD4      1173       4    1658    1699    1700    1659
CQUAD4      1174       4    1659    1700    1701    1660
CQUAD4      1175       4    1660    1701    1702    1661
CQUAD4      1176       4    1661    1702    1703    1662
CQUAD4      1177       4    1662    1703    1704    1663
CQUAD4      1178       4    1663    1704    1705    1664
CQUAD4      1179       4    1664    1705    1706    1665
CQUAD4      1180       4    1665    1706    1707    1666
CQUAD4      1203       4    1689    1730    1731    1690
CQUAD4      1204       4    1690    1731    1732    1691
CQUAD4      1205       4    1691    1732    1733    1692
CQUAD4      1206       4    1692    1733    1734    1693
CQUAD4      1207       4    1693    1734    1735    1694
CQUAD4      1208       4    1694    1735    1736    1695
CQUAD4      1209       4    1695    1736    1737    1696
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CQUAD4      1210       4    1696    1737    1738    1697
CQUAD4      1211       4    1697    1738    1739    1698
CQUAD4      1212       4    1698    1739    1740    1699
CQUAD4      1213       4    1699    1740    1741    1700
CQUAD4      1214       4    1700    1741    1742    1701
CQUAD4      1215       4    1701    1742    1743    1702
CQUAD4      1216       4    1702    1743    1744    1703
CQUAD4      1217       4    1703    1744    1745    1704
CQUAD4      1218       4    1704    1745    1746    1705
CQUAD4      1219       4    1705    1746    1747    1706
CQUAD4      1220       4    1706    1747    1748    1707
CQUAD4      1243       4    1730    1771    1772    1731
CQUAD4      1244       4    1731    1772    1773    1732
CQUAD4      1245       4    1732    1773    1774    1733
CQUAD4      1246       4    1733    1774    1775    1734
CQUAD4      1247       4    1734    1775    1776    1735
CQUAD4      1248       4    1735    1776    1777    1736
CQUAD4      1249       4    1736    1777    1778    1737
CQUAD4      1250       4    1737    1778    1779    1738
CQUAD4      1251       4    1738    1779    1780    1739
CQUAD4      1252       4    1739    1780    1781    1740
CQUAD4      1253       4    1740    1781    1782    1741
CQUAD4      1254       4    1741    1782    1783    1742
CQUAD4      1255       4    1742    1783    1784    1743
CQUAD4      1256       4    1743    1784    1785    1744
CQUAD4      1257       4    1744    1785    1786    1745
CQUAD4      1258       4    1745    1786    1787    1746
CQUAD4      1259       4    1746    1787    1788    1747
CQUAD4      1260       4    1747    1788    1789    1748
CQUAD4      1283       4    1771    1812    1813    1772
CQUAD4      1284       4    1772    1813    1814    1773
CQUAD4      1285       4    1773    1814    1815    1774
CQUAD4      1286       4    1774    1815    1816    1775
CQUAD4      1287       4    1775    1816    1817    1776
CQUAD4      1288       4    1776    1817    1818    1777
CQUAD4      1289       4    1777    1818    1819    1778
CQUAD4      1290       4    1778    1819    1820    1779
CQUAD4      1291       4    1779    1820    1821    1780
CQUAD4      1292       4    1780    1821    1822    1781
CQUAD4      1293       4    1781    1822    1823    1782
CQUAD4      1294       4    1782    1823    1824    1783
CQUAD4      1295       4    1783    1824    1825    1784
CQUAD4      1296       4    1784    1825    1826    1785
CQUAD4      1297       4    1785    1826    1827    1786
CQUAD4      1298       4    1786    1827    1828    1787
CQUAD4      1299       4    1787    1828    1829    1788
CQUAD4      1300       4    1788    1829    1830    1789
CQUAD4      1323       4    1812    1853    1854    1813
CQUAD4      1324       4    1813    1854    1855    1814
CQUAD4      1325       4    1814    1855    1856    1815
CQUAD4      1326       4    1815    1856    1857    1816
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CQUAD4      1327       4    1816    1857    1858    1817
CQUAD4      1328       4    1817    1858    1859    1818
CQUAD4      1329       4    1818    1859    1860    1819
CQUAD4      1330       4    1819    1860    1861    1820
CQUAD4      1331       4    1820    1861    1862    1821
CQUAD4      1332       4    1821    1862    1863    1822
CQUAD4      1333       4    1822    1863    1864    1823
CQUAD4      1334       4    1823    1864    1865    1824
CQUAD4      1335       4    1824    1865    1866    1825
CQUAD4      1336       4    1825    1866    1867    1826
CQUAD4      1337       4    1826    1867    1868    1827
CQUAD4      1338       4    1827    1868    1869    1828
CQUAD4      1339       4    1828    1869    1870    1829
CQUAD4      1340       4    1829    1870    1871    1830
CQUAD4      1363       4    1853    1894    1895    1854
CQUAD4      1364       4    1854    1895    1896    1855
CQUAD4      1365       4    1855    1896    1897    1856
CQUAD4      1366       4    1856    1897    1898    1857
CQUAD4      1367       4    1857    1898    1899    1858
CQUAD4      1368       4    1858    1899    1900    1859
CQUAD4      1369       4    1859    1900    1901    1860
CQUAD4      1370       4    1860    1901    1902    1861
CQUAD4      1371       4    1861    1902    1903    1862
CQUAD4      1372       4    1862    1903    1904    1863
CQUAD4      1373       4    1863    1904    1905    1864
CQUAD4      1374       4    1864    1905    1906    1865
CQUAD4      1375       4    1865    1906    1907    1866
CQUAD4      1376       4    1866    1907    1908    1867
CQUAD4      1377       4    1867    1908    1909    1868
CQUAD4      1378       4    1868    1909    1910    1869
CQUAD4      1379       4    1869    1910    1911    1870
CQUAD4      1380       4    1870    1911    1912    1871
CQUAD4      1403       4    1894    1935    1936    1895
CQUAD4      1404       4    1895    1936    1937    1896
CQUAD4      1405       4    1896    1937    1938    1897
CQUAD4      1406       4    1897    1938    1939    1898
CQUAD4      1407       4    1898    1939    1940    1899
CQUAD4      1408       4    1899    1940    1941    1900
CQUAD4      1409       4    1900    1941    1942    1901
CQUAD4      1410       4    1901    1942    1943    1902
CQUAD4      1411       4    1902    1943    1944    1903
CQUAD4      1412       4    1903    1944    1945    1904
CQUAD4      1413       4    1904    1945    1946    1905
CQUAD4      1414       4    1905    1946    1947    1906
CQUAD4      1415       4    1906    1947    1948    1907
CQUAD4      1416       4    1907    1948    1949    1908
CQUAD4      1417       4    1908    1949    1950    1909
CQUAD4      1418       4    1909    1950    1951    1910
CQUAD4      1419       4    1910    1951    1952    1911
CQUAD4      1420       4    1911    1952    1953    1912
CQUAD4      1443       4    1935    1976    1977    1936
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CQUAD4      1444       4    1936    1977    1978    1937
CQUAD4      1445       4    1937    1978    1979    1938
CQUAD4      1446       4    1938    1979    1980    1939
CQUAD4      1447       4    1939    1980    1981    1940
CQUAD4      1448       4    1940    1981    1982    1941
CQUAD4      1449       4    1941    1982    1983    1942
CQUAD4      1450       4    1942    1983    1984    1943
CQUAD4      1451       4    1943    1984    1985    1944
CQUAD4      1452       4    1944    1985    1986    1945
CQUAD4      1453       4    1945    1986    1987    1946
CQUAD4      1454       4    1946    1987    1988    1947
CQUAD4      1455       4    1947    1988    1989    1948
CQUAD4      1456       4    1948    1989    1990    1949
CQUAD4      1457       4    1949    1990    1991    1950
CQUAD4      1458       4    1950    1991    1992    1951
CQUAD4      1459       4    1951    1992    1993    1952
CQUAD4      1460       4    1952    1993    1994    1953
CQUAD4      1483       4    1976    2017    2018    1977
CQUAD4      1484       4    1977    2018    2019    1978
CQUAD4      1485       4    1978    2019    2020    1979
CQUAD4      1486       4    1979    2020    2021    1980
CQUAD4      1487       4    1980    2021    2022    1981
CQUAD4      1488       4    1981    2022    2023    1982
CQUAD4      1489       4    1982    2023    2024    1983
CQUAD4      1490       4    1983    2024    2025    1984
CQUAD4      1491       4    1984    2025    2026    1985
CQUAD4      1492       4    1985    2026    2027    1986
CQUAD4      1493       4    1986    2027    2028    1987
CQUAD4      1494       4    1987    2028    2029    1988
CQUAD4      1495       4    1988    2029    2030    1989
CQUAD4      1496       4    1989    2030    2031    1990
CQUAD4      1497       4    1990    2031    2032    1991
CQUAD4      1498       4    1991    2032    2033    1992
CQUAD4      1499       4    1992    2033    2034    1993
CQUAD4      1500       4    1993    2034    2035    1994
CQUAD4      1523       4    2017    2058    2059    2018
CQUAD4      1524       4    2018    2059    2060    2019
CQUAD4      1525       4    2019    2060    2061    2020
CQUAD4      1526       4    2020    2061    2062    2021
CQUAD4      1527       4    2021    2062    2063    2022
CQUAD4      1528       4    2022    2063    2064    2023
CQUAD4      1529       4    2023    2064    2065    2024
CQUAD4      1530       4    2024    2065    2066    2025
CQUAD4      1531       4    2025    2066    2067    2026
CQUAD4      1532       4    2026    2067    2068    2027
CQUAD4      1533       4    2027    2068    2069    2028
CQUAD4      1534       4    2028    2069    2070    2029
CQUAD4      1535       4    2029    2070    2071    2030
CQUAD4      1536       4    2030    2071    2072    2031
CQUAD4      1537       4    2031    2072    2073    2032
CQUAD4      1538       4    2032    2073    2074    2033
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CQUAD4      1539       4    2033    2074    2075    2034
CQUAD4      1540       4    2034    2075    2076    2035
CQUAD4      1563       4    2058    2099    2100    2059
CQUAD4      1564       4    2059    2100    2101    2060
CQUAD4      1565       4    2060    2101    2102    2061
CQUAD4      1566       4    2061    2102    2103    2062
CQUAD4      1567       4    2062    2103    2104    2063
CQUAD4      1568       4    2063    2104    2105    2064
CQUAD4      1569       4    2064    2105    2106    2065
CQUAD4      1570       4    2065    2106    2107    2066
CQUAD4      1571       4    2066    2107    2108    2067
CQUAD4      1572       4    2067    2108    2109    2068
CQUAD4      1573       4    2068    2109    2110    2069
CQUAD4      1574       4    2069    2110    2111    2070
CQUAD4      1575       4    2070    2111    2112    2071
CQUAD4      1576       4    2071    2112    2113    2072
CQUAD4      1577       4    2072    2113    2114    2073
CQUAD4      1578       4    2073    2114    2115    2074
CQUAD4      1579       4    2074    2115    2116    2075
CQUAD4      1580       4    2075    2116    2117    2076
MAT1           1207000.0        .30000007.80E-09    0.0     0.0     0.0 M1
GRID         459            0.0 2.000000    0.0
GRID         460            0.0 3.000000    0.0
GRID         461            0.0 4.000000    0.0
GRID         462            0.0 5.000000    0.0
GRID         463            0.0 6.000000    0.0
GRID         464            0.0 7.000000    0.0
GRID         465            0.0 8.000000    0.0
GRID         466            0.0 9.000000    0.0
GRID         467            0.0 10.00000    0.0
GRID         468            0.0 11.00000    0.0
GRID         469            0.0 12.00000    0.0
GRID         470            0.0 13.00000    0.0
GRID         471            0.0 14.00000    0.0
GRID         472            0.0 15.00000    0.0
GRID         473            0.0 16.00000    0.0
GRID         474            0.0 17.00000    0.0
GRID         475            0.0 18.00000    0.0
GRID         476            0.0 19.00000    0.0
GRID         477            0.0 20.00000    0.0
GRID         500        1.0000002.000000    0.0
GRID         501        1.0000003.000000    0.0
GRID         502        1.0000004.000000    0.0
GRID         503        1.0000005.000000    0.0
GRID         504        1.0000006.000000    0.0
GRID         505        1.0000007.000000    0.0
GRID         506        1.0000008.000000    0.0
GRID         507        1.0000009.000000    0.0
GRID         508        1.00000010.00000    0.0
GRID         509        1.00000011.00000    0.0
GRID         510        1.00000012.00000    0.0
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GRID         511        1.00000013.00000    0.0
GRID         512        1.00000014.00000    0.0
GRID         513        1.00000015.00000    0.0
GRID         514        1.00000016.00000    0.0
GRID         515        1.00000017.00000    0.0
GRID         516        1.00000018.00000    0.0
GRID         517        1.00000019.00000    0.0
GRID         518        1.00000020.00000    0.0
GRID         541        2.0000002.000000    0.0
GRID         542        2.0000003.000000    0.0
GRID         543        2.0000004.000000    0.0
GRID         544        2.0000005.000000    0.0
GRID         545        2.0000006.000000    0.0
GRID         546        2.0000007.000000    0.0
GRID         547        2.0000008.000000    0.0
GRID         548        2.0000009.000000    0.0
GRID         549        2.00000010.00000    0.0
GRID         550        2.00000011.00000    0.0
GRID         551        2.00000012.00000    0.0
GRID         552        2.00000013.00000    0.0
GRID         553        2.00000014.00000    0.0
GRID         554        2.00000015.00000    0.0
GRID         555        2.00000016.00000    0.0
GRID         556        2.00000017.00000    0.0
GRID         557        2.00000018.00000    0.0
GRID         558        2.00000019.00000    0.0
GRID         559        2.00000020.00000    0.0
GRID         582        3.0000002.000000    0.0
GRID         583        3.0000003.000000    0.0
GRID         584        3.0000004.000000    0.0
GRID         585        3.0000005.000000    0.0
GRID         586        3.0000006.000000    0.0
GRID         587        3.0000007.000000    0.0
GRID         588        3.0000008.000000    0.0
GRID         589        3.0000009.000000    0.0
GRID         590        3.00000010.00000    0.0
GRID         591        3.00000011.00000    0.0
GRID         592        3.00000012.00000    0.0
GRID         593        3.00000013.00000    0.0
GRID         594        3.00000014.00000    0.0
GRID         595        3.00000015.00000    0.0
GRID         596        3.00000016.00000    0.0
GRID         597        3.00000017.00000    0.0
GRID         598        3.00000018.00000    0.0
GRID         599        3.00000019.00000    0.0
GRID         600        3.00000020.00000    0.0
GRID         623        4.0000002.000000    0.0
GRID         624        4.0000003.000000    0.0
GRID         625        4.0000004.000000    0.0
GRID         626        4.0000005.000000    0.0
GRID         627        4.0000006.000000    0.0
1106 Design Examples Manual November 2009 GENESIS



GRID         628        4.0000007.000000    0.0
GRID         629        4.0000008.000000    0.0
GRID         630        4.0000009.000000    0.0
GRID         631        4.00000010.00000    0.0
GRID         632        4.00000011.00000    0.0
GRID         633        4.00000012.00000    0.0
GRID         634        4.00000013.00000    0.0
GRID         635        4.00000014.00000    0.0
GRID         636        4.00000015.00000    0.0
GRID         637        4.00000016.00000    0.0
GRID         638        4.00000017.00000    0.0
GRID         639        4.00000018.00000    0.0
GRID         640        4.00000019.00000    0.0
GRID         641        4.00000020.00000    0.0
GRID         664        5.0000002.000000    0.0
GRID         665        5.0000003.000000    0.0
GRID         666        5.0000004.000000    0.0
GRID         667        5.0000005.000000    0.0
GRID         668        5.0000006.000000    0.0
GRID         669        5.0000007.000000    0.0
GRID         670        5.0000008.000000    0.0
GRID         671        5.0000009.000000    0.0
GRID         672        5.00000010.00000    0.0
GRID         673        5.00000011.00000    0.0
GRID         674        5.00000012.00000    0.0
GRID         675        5.00000013.00000    0.0
GRID         676        5.00000014.00000    0.0
GRID         677        5.00000015.00000    0.0
GRID         678        5.00000016.00000    0.0
GRID         679        5.00000017.00000    0.0
GRID         680        5.00000018.00000    0.0
GRID         681        5.00000019.00000    0.0
GRID         682        5.00000020.00000    0.0
GRID         705        6.0000002.000000    0.0
GRID         706        6.0000003.000000    0.0
GRID         707        6.0000004.000000    0.0
GRID         708        6.0000005.000000    0.0
GRID         709        6.0000006.000000    0.0
GRID         710        6.0000007.000000    0.0
GRID         711        6.0000008.000000    0.0
GRID         712        6.0000009.000000    0.0
GRID         713        6.00000010.00000    0.0
GRID         714        6.00000011.00000    0.0
GRID         715        6.00000012.00000    0.0
GRID         716        6.00000013.00000    0.0
GRID         717        6.00000014.00000    0.0
GRID         718        6.00000015.00000    0.0
GRID         719        6.00000016.00000    0.0
GRID         720        6.00000017.00000    0.0
GRID         721        6.00000018.00000    0.0
GRID         722        6.00000019.00000    0.0
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GRID         723        6.00000020.00000    0.0
GRID         746        7.0000002.000000    0.0
GRID         747        7.0000003.000000    0.0
GRID         748        7.0000004.000000    0.0
GRID         749        7.0000005.000000    0.0
GRID         750        7.0000006.000000    0.0
GRID         751        7.0000007.000000    0.0
GRID         752        7.0000008.000000    0.0
GRID         753        7.0000009.000000    0.0
GRID         754        7.00000010.00000    0.0
GRID         755        7.00000011.00000    0.0
GRID         756        7.00000012.00000    0.0
GRID         757        7.00000013.00000    0.0
GRID         758        7.00000014.00000    0.0
GRID         759        7.00000015.00000    0.0
GRID         760        7.00000016.00000    0.0
GRID         761        7.00000017.00000    0.0
GRID         762        7.00000018.00000    0.0
GRID         763        7.00000019.00000    0.0
GRID         764        7.00000020.00000    0.0
GRID         787        8.0000002.000000    0.0
GRID         788        8.0000003.000000    0.0
GRID         789        8.0000004.000000    0.0
GRID         790        8.0000005.000000    0.0
GRID         791        8.0000006.000000    0.0
GRID         792        8.0000007.000000    0.0
GRID         793        8.0000008.000000    0.0
GRID         794        8.0000009.000000    0.0
GRID         795        8.00000010.00000    0.0
GRID         796        8.00000011.00000    0.0
GRID         797        8.00000012.00000    0.0
GRID         798        8.00000013.00000    0.0
GRID         799        8.00000014.00000    0.0
GRID         800        8.00000015.00000    0.0
GRID         801        8.00000016.00000    0.0
GRID         802        8.00000017.00000    0.0
GRID         803        8.00000018.00000    0.0
GRID         804        8.00000019.00000    0.0
GRID         805        8.00000020.00000    0.0
GRID         828        9.0000002.000000    0.0
GRID         829        9.0000003.000000    0.0
GRID         830        9.0000004.000000    0.0
GRID         831        9.0000005.000000    0.0
GRID         832        9.0000006.000000    0.0
GRID         833        9.0000007.000000    0.0
GRID         834        9.0000008.000000    0.0
GRID         835        9.0000009.000000    0.0
GRID         836        9.00000010.00000    0.0
GRID         837        9.00000011.00000    0.0
GRID         838        9.00000012.00000    0.0
GRID         839        9.00000013.00000    0.0
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GRID         840        9.00000014.00000    0.0
GRID         841        9.00000015.00000    0.0
GRID         842        9.00000016.00000    0.0
GRID         843        9.00000017.00000    0.0
GRID         844        9.00000018.00000    0.0
GRID         845        9.00000019.00000    0.0
GRID         846        9.00000020.00000    0.0
GRID         869        10.000002.000000    0.0
GRID         870        10.000003.000000    0.0
GRID         871        10.000004.000000    0.0
GRID         872        10.000005.000000    0.0
GRID         873        10.000006.000000    0.0
GRID         874        10.000007.000000    0.0
GRID         875        10.000008.000000    0.0
GRID         876        10.000009.000000    0.0
GRID         877        10.0000010.00000    0.0
GRID         878        10.0000011.00000    0.0
GRID         879        10.0000012.00000    0.0
GRID         880        10.0000013.00000    0.0
GRID         881        10.0000014.00000    0.0
GRID         882        10.0000015.00000    0.0
GRID         883        10.0000016.00000    0.0
GRID         884        10.0000017.00000    0.0
GRID         885        10.0000018.00000    0.0
GRID         886        10.0000019.00000    0.0
GRID         887        10.0000020.00000    0.0
GRID         910        11.000002.000000    0.0
GRID         911        11.000003.000000    0.0
GRID         912        11.000004.000000    0.0
GRID         913        11.000005.000000    0.0
GRID         914        11.000006.000000    0.0
GRID         915        11.000007.000000    0.0
GRID         916        11.000008.000000    0.0
GRID         917        11.000009.000000    0.0
GRID         918        11.0000010.00000    0.0
GRID         919        11.0000011.00000    0.0
GRID         920        11.0000012.00000    0.0
GRID         921        11.0000013.00000    0.0
GRID         922        11.0000014.00000    0.0
GRID         923        11.0000015.00000    0.0
GRID         924        11.0000016.00000    0.0
GRID         925        11.0000017.00000    0.0
GRID         926        11.0000018.00000    0.0
GRID         927        11.0000019.00000    0.0
GRID         928        11.0000020.00000    0.0
GRID         951        12.000002.000000    0.0
GRID         952        12.000003.000000    0.0
GRID         953        12.000004.000000    0.0
GRID         954        12.000005.000000    0.0
GRID         955        12.000006.000000    0.0
GRID         956        12.000007.000000    0.0
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GRID         957        12.000008.000000    0.0
GRID         958        12.000009.000000    0.0
GRID         959        12.0000010.00000    0.0
GRID         960        12.0000011.00000    0.0
GRID         961        12.0000012.00000    0.0
GRID         962        12.0000013.00000    0.0
GRID         963        12.0000014.00000    0.0
GRID         964        12.0000015.00000    0.0
GRID         965        12.0000016.00000    0.0
GRID         966        12.0000017.00000    0.0
GRID         967        12.0000018.00000    0.0
GRID         968        12.0000019.00000    0.0
GRID         969        12.0000020.00000    0.0
GRID         992        13.000002.000000    0.0
GRID         993        13.000003.000000    0.0
GRID         994        13.000004.000000    0.0
GRID         995        13.000005.000000    0.0
GRID         996        13.000006.000000    0.0
GRID         997        13.000007.000000    0.0
GRID         998        13.000008.000000    0.0
GRID         999        13.000009.000000    0.0
GRID        1000        13.0000010.00000    0.0
GRID        1001        13.0000011.00000    0.0
GRID        1002        13.0000012.00000    0.0
GRID        1003        13.0000013.00000    0.0
GRID        1004        13.0000014.00000    0.0
GRID        1005        13.0000015.00000    0.0
GRID        1006        13.0000016.00000    0.0
GRID        1007        13.0000017.00000    0.0
GRID        1008        13.0000018.00000    0.0
GRID        1009        13.0000019.00000    0.0
GRID        1010        13.0000020.00000    0.0
GRID        1033        14.000002.000000    0.0
GRID        1034        14.000003.000000    0.0
GRID        1035        14.000004.000000    0.0
GRID        1036        14.000005.000000    0.0
GRID        1037        14.000006.000000    0.0
GRID        1038        14.000007.000000    0.0
GRID        1039        14.000008.000000    0.0
GRID        1040        14.000009.000000    0.0
GRID        1041        14.0000010.00000    0.0
GRID        1042        14.0000011.00000    0.0
GRID        1043        14.0000012.00000    0.0
GRID        1044        14.0000013.00000    0.0
GRID        1045        14.0000014.00000    0.0
GRID        1046        14.0000015.00000    0.0
GRID        1047        14.0000016.00000    0.0
GRID        1048        14.0000017.00000    0.0
GRID        1049        14.0000018.00000    0.0
GRID        1050        14.0000019.00000    0.0
GRID        1051        14.0000020.00000    0.0
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GRID        1074        15.000002.000000    0.0
GRID        1075        15.000003.000000    0.0
GRID        1076        15.000004.000000    0.0
GRID        1077        15.000005.000000    0.0
GRID        1078        15.000006.000000    0.0
GRID        1079        15.000007.000000    0.0
GRID        1080        15.000008.000000    0.0
GRID        1081        15.000009.000000    0.0
GRID        1082        15.0000010.00000    0.0
GRID        1083        15.0000011.00000    0.0
GRID        1084        15.0000012.00000    0.0
GRID        1085        15.0000013.00000    0.0
GRID        1086        15.0000014.00000    0.0
GRID        1087        15.0000015.00000    0.0
GRID        1088        15.0000016.00000    0.0
GRID        1089        15.0000017.00000    0.0
GRID        1090        15.0000018.00000    0.0
GRID        1091        15.0000019.00000    0.0
GRID        1092        15.0000020.00000    0.0
GRID        1115        16.000002.000000    0.0
GRID        1116        16.000003.000000    0.0
GRID        1117        16.000004.000000    0.0
GRID        1118        16.000005.000000    0.0
GRID        1119        16.000006.000000    0.0
GRID        1120        16.000007.000000    0.0
GRID        1121        16.000008.000000    0.0
GRID        1122        16.000009.000000    0.0
GRID        1123        16.0000010.00000    0.0
GRID        1124        16.0000011.00000    0.0
GRID        1125        16.0000012.00000    0.0
GRID        1126        16.0000013.00000    0.0
GRID        1127        16.0000014.00000    0.0
GRID        1128        16.0000015.00000    0.0
GRID        1129        16.0000016.00000    0.0
GRID        1130        16.0000017.00000    0.0
GRID        1131        16.0000018.00000    0.0
GRID        1132        16.0000019.00000    0.0
GRID        1133        16.0000020.00000    0.0
GRID        1156        17.000002.000000    0.0
GRID        1157        17.000003.000000    0.0
GRID        1158        17.000004.000000    0.0
GRID        1159        17.000005.000000    0.0
GRID        1160        17.000006.000000    0.0
GRID        1161        17.000007.000000    0.0
GRID        1162        17.000008.000000    0.0
GRID        1163        17.000009.000000    0.0
GRID        1164        17.0000010.00000    0.0
GRID        1165        17.0000011.00000    0.0
GRID        1166        17.0000012.00000    0.0
GRID        1167        17.0000013.00000    0.0
GRID        1168        17.0000014.00000    0.0
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GRID        1169        17.0000015.00000    0.0
GRID        1170        17.0000016.00000    0.0
GRID        1171        17.0000017.00000    0.0
GRID        1172        17.0000018.00000    0.0
GRID        1173        17.0000019.00000    0.0
GRID        1174        17.0000020.00000    0.0
GRID        1197        18.000002.000000    0.0
GRID        1198        18.000003.000000    0.0
GRID        1199        18.000004.000000    0.0
GRID        1200        18.000005.000000    0.0
GRID        1201        18.000006.000000    0.0
GRID        1202        18.000007.000000    0.0
GRID        1203        18.000008.000000    0.0
GRID        1204        18.000009.000000    0.0
GRID        1205        18.0000010.00000    0.0
GRID        1206        18.0000011.00000    0.0
GRID        1207        18.0000012.00000    0.0
GRID        1208        18.0000013.00000    0.0
GRID        1209        18.0000014.00000    0.0
GRID        1210        18.0000015.00000    0.0
GRID        1211        18.0000016.00000    0.0
GRID        1212        18.0000017.00000    0.0
GRID        1213        18.0000018.00000    0.0
GRID        1214        18.0000019.00000    0.0
GRID        1215        18.0000020.00000    0.0
GRID        1238        19.000002.000000    0.0
GRID        1239        19.000003.000000    0.0
GRID        1240        19.000004.000000    0.0
GRID        1241        19.000005.000000    0.0
GRID        1242        19.000006.000000    0.0
GRID        1243        19.000007.000000    0.0
GRID        1244        19.000008.000000    0.0
GRID        1245        19.000009.000000    0.0
GRID        1246        19.0000010.00000    0.0
GRID        1247        19.0000011.00000    0.0
GRID        1248        19.0000012.00000    0.0
GRID        1249        19.0000013.00000    0.0
GRID        1250        19.0000014.00000    0.0
GRID        1251        19.0000015.00000    0.0
GRID        1252        19.0000016.00000    0.0
GRID        1253        19.0000017.00000    0.0
GRID        1254        19.0000018.00000    0.0
GRID        1255        19.0000019.00000    0.0
GRID        1256        19.0000020.00000    0.0
GRID        1279        20.000002.000000    0.0
GRID        1280        20.000003.000000    0.0
GRID        1281        20.000004.000000    0.0
GRID        1282        20.000005.000000    0.0
GRID        1283        20.000006.000000    0.0
GRID        1284        20.000007.000000    0.0
GRID        1285        20.000008.000000    0.0
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GRID        1286        20.000009.000000    0.0
GRID        1287        20.0000010.00000    0.0
GRID        1288        20.0000011.00000    0.0
GRID        1289        20.0000012.00000    0.0
GRID        1290        20.0000013.00000    0.0
GRID        1291        20.0000014.00000    0.0
GRID        1292        20.0000015.00000    0.0
GRID        1293        20.0000016.00000    0.0
GRID        1294        20.0000017.00000    0.0
GRID        1295        20.0000018.00000    0.0
GRID        1296        20.0000019.00000    0.0
GRID        1297        20.0000020.00000    0.0
GRID        1320        21.000002.000000    0.0
GRID        1321        21.000003.000000    0.0
GRID        1322        21.000004.000000    0.0
GRID        1323        21.000005.000000    0.0
GRID        1324        21.000006.000000    0.0
GRID        1325        21.000007.000000    0.0
GRID        1326        21.000008.000000    0.0
GRID        1327        21.000009.000000    0.0
GRID        1328        21.0000010.00000    0.0
GRID        1329        21.0000011.00000    0.0
GRID        1330        21.0000012.00000    0.0
GRID        1331        21.0000013.00000    0.0
GRID        1332        21.0000014.00000    0.0
GRID        1333        21.0000015.00000    0.0
GRID        1334        21.0000016.00000    0.0
GRID        1335        21.0000017.00000    0.0
GRID        1336        21.0000018.00000    0.0
GRID        1337        21.0000019.00000    0.0
GRID        1338        21.0000020.00000    0.0
GRID        1361        22.000002.000000    0.0
GRID        1362        22.000003.000000    0.0
GRID        1363        22.000004.000000    0.0
GRID        1364        22.000005.000000    0.0
GRID        1365        22.000006.000000    0.0
GRID        1366        22.000007.000000    0.0
GRID        1367        22.000008.000000    0.0
GRID        1368        22.000009.000000    0.0
GRID        1369        22.0000010.00000    0.0
GRID        1370        22.0000011.00000    0.0
GRID        1371        22.0000012.00000    0.0
GRID        1372        22.0000013.00000    0.0
GRID        1373        22.0000014.00000    0.0
GRID        1374        22.0000015.00000    0.0
GRID        1375        22.0000016.00000    0.0
GRID        1376        22.0000017.00000    0.0
GRID        1377        22.0000018.00000    0.0
GRID        1378        22.0000019.00000    0.0
GRID        1379        22.0000020.00000    0.0
GRID        1402        23.000002.000000    0.0
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GRID        1403        23.000003.000000    0.0
GRID        1404        23.000004.000000    0.0
GRID        1405        23.000005.000000    0.0
GRID        1406        23.000006.000000    0.0
GRID        1407        23.000007.000000    0.0
GRID        1408        23.000008.000000    0.0
GRID        1409        23.000009.000000    0.0
GRID        1410        23.0000010.00000    0.0
GRID        1411        23.0000011.00000    0.0
GRID        1412        23.0000012.00000    0.0
GRID        1413        23.0000013.00000    0.0
GRID        1414        23.0000014.00000    0.0
GRID        1415        23.0000015.00000    0.0
GRID        1416        23.0000016.00000    0.0
GRID        1417        23.0000017.00000    0.0
GRID        1418        23.0000018.00000    0.0
GRID        1419        23.0000019.00000    0.0
GRID        1420        23.0000020.00000    0.0
GRID        1443        24.000002.000000    0.0
GRID        1444        24.000003.000000    0.0
GRID        1445        24.000004.000000    0.0
GRID        1446        24.000005.000000    0.0
GRID        1447        24.000006.000000    0.0
GRID        1448        24.000007.000000    0.0
GRID        1449        24.000008.000000    0.0
GRID        1450        24.000009.000000    0.0
GRID        1451        24.0000010.00000    0.0
GRID        1452        24.0000011.00000    0.0
GRID        1453        24.0000012.00000    0.0
GRID        1454        24.0000013.00000    0.0
GRID        1455        24.0000014.00000    0.0
GRID        1456        24.0000015.00000    0.0
GRID        1457        24.0000016.00000    0.0
GRID        1458        24.0000017.00000    0.0
GRID        1459        24.0000018.00000    0.0
GRID        1460        24.0000019.00000    0.0
GRID        1461        24.0000020.00000    0.0
GRID        1484        25.000002.000000    0.0
GRID        1485        25.000003.000000    0.0
GRID        1486        25.000004.000000    0.0
GRID        1487        25.000005.000000    0.0
GRID        1488        25.000006.000000    0.0
GRID        1489        25.000007.000000    0.0
GRID        1490        25.000008.000000    0.0
GRID        1491        25.000009.000000    0.0
GRID        1492        25.0000010.00000    0.0
GRID        1493        25.0000011.00000    0.0
GRID        1494        25.0000012.00000    0.0
GRID        1495        25.0000013.00000    0.0
GRID        1496        25.0000014.00000    0.0
GRID        1497        25.0000015.00000    0.0
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GRID        1498        25.0000016.00000    0.0
GRID        1499        25.0000017.00000    0.0
GRID        1500        25.0000018.00000    0.0
GRID        1501        25.0000019.00000    0.0
GRID        1502        25.0000020.00000    0.0
GRID        1525        26.000002.000000    0.0
GRID        1526        26.000003.000000    0.0
GRID        1527        26.000004.000000    0.0
GRID        1528        26.000005.000000    0.0
GRID        1529        26.000006.000000    0.0
GRID        1530        26.000007.000000    0.0
GRID        1531        26.000008.000000    0.0
GRID        1532        26.000009.000000    0.0
GRID        1533        26.0000010.00000    0.0
GRID        1534        26.0000011.00000    0.0
GRID        1535        26.0000012.00000    0.0
GRID        1536        26.0000013.00000    0.0
GRID        1537        26.0000014.00000    0.0
GRID        1538        26.0000015.00000    0.0
GRID        1539        26.0000016.00000    0.0
GRID        1540        26.0000017.00000    0.0
GRID        1541        26.0000018.00000    0.0
GRID        1542        26.0000019.00000    0.0
GRID        1543        26.0000020.00000    0.0
GRID        1566        27.000002.000000    0.0
GRID        1567        27.000003.000000    0.0
GRID        1568        27.000004.000000    0.0
GRID        1569        27.000005.000000    0.0
GRID        1570        27.000006.000000    0.0
GRID        1571        27.000007.000000    0.0
GRID        1572        27.000008.000000    0.0
GRID        1573        27.000009.000000    0.0
GRID        1574        27.0000010.00000    0.0
GRID        1575        27.0000011.00000    0.0
GRID        1576        27.0000012.00000    0.0
GRID        1577        27.0000013.00000    0.0
GRID        1578        27.0000014.00000    0.0
GRID        1579        27.0000015.00000    0.0
GRID        1580        27.0000016.00000    0.0
GRID        1581        27.0000017.00000    0.0
GRID        1582        27.0000018.00000    0.0
GRID        1583        27.0000019.00000    0.0
GRID        1584        27.0000020.00000    0.0
GRID        1607        28.000002.000000    0.0
GRID        1608        28.000003.000000    0.0
GRID        1609        28.000004.000000    0.0
GRID        1610        28.000005.000000    0.0
GRID        1611        28.000006.000000    0.0
GRID        1612        28.000007.000000    0.0
GRID        1613        28.000008.000000    0.0
GRID        1614        28.000009.000000    0.0
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GRID        1615        28.0000010.00000    0.0
GRID        1616        28.0000011.00000    0.0
GRID        1617        28.0000012.00000    0.0
GRID        1618        28.0000013.00000    0.0
GRID        1619        28.0000014.00000    0.0
GRID        1620        28.0000015.00000    0.0
GRID        1621        28.0000016.00000    0.0
GRID        1622        28.0000017.00000    0.0
GRID        1623        28.0000018.00000    0.0
GRID        1624        28.0000019.00000    0.0
GRID        1625        28.0000020.00000    0.0
GRID        1648        29.000002.000000    0.0
GRID        1649        29.000003.000000    0.0
GRID        1650        29.000004.000000    0.0
GRID        1651        29.000005.000000    0.0
GRID        1652        29.000006.000000    0.0
GRID        1653        29.000007.000000    0.0
GRID        1654        29.000008.000000    0.0
GRID        1655        29.000009.000000    0.0
GRID        1656        29.0000010.00000    0.0
GRID        1657        29.0000011.00000    0.0
GRID        1658        29.0000012.00000    0.0
GRID        1659        29.0000013.00000    0.0
GRID        1660        29.0000014.00000    0.0
GRID        1661        29.0000015.00000    0.0
GRID        1662        29.0000016.00000    0.0
GRID        1663        29.0000017.00000    0.0
GRID        1664        29.0000018.00000    0.0
GRID        1665        29.0000019.00000    0.0
GRID        1666        29.0000020.00000    0.0
GRID        1689        30.000002.000000    0.0
GRID        1690        30.000003.000000    0.0
GRID        1691        30.000004.000000    0.0
GRID        1692        30.000005.000000    0.0
GRID        1693        30.000006.000000    0.0
GRID        1694        30.000007.000000    0.0
GRID        1695        30.000008.000000    0.0
GRID        1696        30.000009.000000    0.0
GRID        1697        30.0000010.00000    0.0
GRID        1698        30.0000011.00000    0.0
GRID        1699        30.0000012.00000    0.0
GRID        1700        30.0000013.00000    0.0
GRID        1701        30.0000014.00000    0.0
GRID        1702        30.0000015.00000    0.0
GRID        1703        30.0000016.00000    0.0
GRID        1704        30.0000017.00000    0.0
GRID        1705        30.0000018.00000    0.0
GRID        1706        30.0000019.00000    0.0
GRID        1707        30.0000020.00000    0.0
GRID        1730        31.000002.000000    0.0
GRID        1731        31.000003.000000    0.0
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GRID        1732        31.000004.000000    0.0
GRID        1733        31.000005.000000    0.0
GRID        1734        31.000006.000000    0.0
GRID        1735        31.000007.000000    0.0
GRID        1736        31.000008.000000    0.0
GRID        1737        31.000009.000000    0.0
GRID        1738        31.0000010.00000    0.0
GRID        1739        31.0000011.00000    0.0
GRID        1740        31.0000012.00000    0.0
GRID        1741        31.0000013.00000    0.0
GRID        1742        31.0000014.00000    0.0
GRID        1743        31.0000015.00000    0.0
GRID        1744        31.0000016.00000    0.0
GRID        1745        31.0000017.00000    0.0
GRID        1746        31.0000018.00000    0.0
GRID        1747        31.0000019.00000    0.0
GRID        1748        31.0000020.00000    0.0
GRID        1771        32.000002.000000    0.0
GRID        1772        32.000003.000000    0.0
GRID        1773        32.000004.000000    0.0
GRID        1774        32.000005.000000    0.0
GRID        1775        32.000006.000000    0.0
GRID        1776        32.000007.000000    0.0
GRID        1777        32.000008.000000    0.0
GRID        1778        32.000009.000000    0.0
GRID        1779        32.0000010.00000    0.0
GRID        1780        32.0000011.00000    0.0
GRID        1781        32.0000012.00000    0.0
GRID        1782        32.0000013.00000    0.0
GRID        1783        32.0000014.00000    0.0
GRID        1784        32.0000015.00000    0.0
GRID        1785        32.0000016.00000    0.0
GRID        1786        32.0000017.00000    0.0
GRID        1787        32.0000018.00000    0.0
GRID        1788        32.0000019.00000    0.0
GRID        1789        32.0000020.00000    0.0
GRID        1812        33.000002.000000    0.0
GRID        1813        33.000003.000000    0.0
GRID        1814        33.000004.000000    0.0
GRID        1815        33.000005.000000    0.0
GRID        1816        33.000006.000000    0.0
GRID        1817        33.000007.000000    0.0
GRID        1818        33.000008.000000    0.0
GRID        1819        33.000009.000000    0.0
GRID        1820        33.0000010.00000    0.0
GRID        1821        33.0000011.00000    0.0
GRID        1822        33.0000012.00000    0.0
GRID        1823        33.0000013.00000    0.0
GRID        1824        33.0000014.00000    0.0
GRID        1825        33.0000015.00000    0.0
GRID        1826        33.0000016.00000    0.0
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GRID        1827        33.0000017.00000    0.0
GRID        1828        33.0000018.00000    0.0
GRID        1829        33.0000019.00000    0.0
GRID        1830        33.0000020.00000    0.0
GRID        1853        34.000002.000000    0.0
GRID        1854        34.000003.000000    0.0
GRID        1855        34.000004.000000    0.0
GRID        1856        34.000005.000000    0.0
GRID        1857        34.000006.000000    0.0
GRID        1858        34.000007.000000    0.0
GRID        1859        34.000008.000000    0.0
GRID        1860        34.000009.000000    0.0
GRID        1861        34.0000010.00000    0.0
GRID        1862        34.0000011.00000    0.0
GRID        1863        34.0000012.00000    0.0
GRID        1864        34.0000013.00000    0.0
GRID        1865        34.0000014.00000    0.0
GRID        1866        34.0000015.00000    0.0
GRID        1867        34.0000016.00000    0.0
GRID        1868        34.0000017.00000    0.0
GRID        1869        34.0000018.00000    0.0
GRID        1870        34.0000019.00000    0.0
GRID        1871        34.0000020.00000    0.0
GRID        1894        35.000002.000000    0.0
GRID        1895        35.000003.000000    0.0
GRID        1896        35.000004.000000    0.0
GRID        1897        35.000005.000000    0.0
GRID        1898        35.000006.000000    0.0
GRID        1899        35.000007.000000    0.0
GRID        1900        35.000008.000000    0.0
GRID        1901        35.000009.000000    0.0
GRID        1902        35.0000010.00000    0.0
GRID        1903        35.0000011.00000    0.0
GRID        1904        35.0000012.00000    0.0
GRID        1905        35.0000013.00000    0.0
GRID        1906        35.0000014.00000    0.0
GRID        1907        35.0000015.00000    0.0
GRID        1908        35.0000016.00000    0.0
GRID        1909        35.0000017.00000    0.0
GRID        1910        35.0000018.00000    0.0
GRID        1911        35.0000019.00000    0.0
GRID        1912        35.0000020.00000    0.0
GRID        1935        36.000002.000000    0.0
GRID        1936        36.000003.000000    0.0
GRID        1937        36.000004.000000    0.0
GRID        1938        36.000005.000000    0.0
GRID        1939        36.000006.000000    0.0
GRID        1940        36.000007.000000    0.0
GRID        1941        36.000008.000000    0.0
GRID        1942        36.000009.000000    0.0
GRID        1943        36.0000010.00000    0.0
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GRID        1944        36.0000011.00000    0.0
GRID        1945        36.0000012.00000    0.0
GRID        1946        36.0000013.00000    0.0
GRID        1947        36.0000014.00000    0.0
GRID        1948        36.0000015.00000    0.0
GRID        1949        36.0000016.00000    0.0
GRID        1950        36.0000017.00000    0.0
GRID        1951        36.0000018.00000    0.0
GRID        1952        36.0000019.00000    0.0
GRID        1953        36.0000020.00000    0.0
GRID        1976        37.000002.000000    0.0
GRID        1977        37.000003.000000    0.0
GRID        1978        37.000004.000000    0.0
GRID        1979        37.000005.000000    0.0
GRID        1980        37.000006.000000    0.0
GRID        1981        37.000007.000000    0.0
GRID        1982        37.000008.000000    0.0
GRID        1983        37.000009.000000    0.0
GRID        1984        37.0000010.00000    0.0
GRID        1985        37.0000011.00000    0.0
GRID        1986        37.0000012.00000    0.0
GRID        1987        37.0000013.00000    0.0
GRID        1988        37.0000014.00000    0.0
GRID        1989        37.0000015.00000    0.0
GRID        1990        37.0000016.00000    0.0
GRID        1991        37.0000017.00000    0.0
GRID        1992        37.0000018.00000    0.0
GRID        1993        37.0000019.00000    0.0
GRID        1994        37.0000020.00000    0.0
GRID        2017        38.000002.000000    0.0
GRID        2018        38.000003.000000    0.0
GRID        2019        38.000004.000000    0.0
GRID        2020        38.000005.000000    0.0
GRID        2021        38.000006.000000    0.0
GRID        2022        38.000007.000000    0.0
GRID        2023        38.000008.000000    0.0
GRID        2024        38.000009.000000    0.0
GRID        2025        38.0000010.00000    0.0
GRID        2026        38.0000011.00000    0.0
GRID        2027        38.0000012.00000    0.0
GRID        2028        38.0000013.00000    0.0
GRID        2029        38.0000014.00000    0.0
GRID        2030        38.0000015.00000    0.0
GRID        2031        38.0000016.00000    0.0
GRID        2032        38.0000017.00000    0.0
GRID        2033        38.0000018.00000    0.0
GRID        2034        38.0000019.00000    0.0
GRID        2035        38.0000020.00000    0.0
GRID        2058        39.000002.000000    0.0
GRID        2059        39.000003.000000    0.0
GRID        2060        39.000004.000000    0.0
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GRID        2061        39.000005.000000    0.0
GRID        2062        39.000006.000000    0.0
GRID        2063        39.000007.000000    0.0
GRID        2064        39.000008.000000    0.0
GRID        2065        39.000009.000000    0.0
GRID        2066        39.0000010.00000    0.0
GRID        2067        39.0000011.00000    0.0
GRID        2068        39.0000012.00000    0.0
GRID        2069        39.0000013.00000    0.0
GRID        2070        39.0000014.00000    0.0
GRID        2071        39.0000015.00000    0.0
GRID        2072        39.0000016.00000    0.0
GRID        2073        39.0000017.00000    0.0
GRID        2074        39.0000018.00000    0.0
GRID        2075        39.0000019.00000    0.0
GRID        2076        39.0000020.00000    0.0
GRID        2099        40.000002.000000    0.0
GRID        2100        40.000003.000000    0.0
GRID        2101        40.000004.000000    0.0
GRID        2102        40.000005.000000    0.0
GRID        2103        40.000006.000000    0.0
GRID        2104        40.000007.000000    0.0
GRID        2105        40.000008.000000    0.0
GRID        2106        40.000009.000000    0.0
GRID        2107        40.0000010.00000    0.0
GRID        2108        40.0000011.00000    0.0
GRID        2109        40.0000012.00000    0.0
GRID        2110        40.0000013.00000    0.0
GRID        2111        40.0000014.00000    0.0
GRID        2112        40.0000015.00000    0.0
GRID        2113        40.0000016.00000    0.0
GRID        2114        40.0000017.00000    0.0
GRID        2115        40.0000018.00000    0.0
GRID        2116        40.0000019.00000    0.0
GRID        2117        40.0000020.00000    0.0
SPC          200     459  123456     0.0
SPC          200     477  123456     0.0
FORCE        200    2099        1.000000    0.0     0.0  1.0000
FORCE        200    2100        1.000000    0.0     0.0  2.0000
FORCE        200    2101        1.000000    0.0     0.0  2.0000
FORCE        200    2102        1.000000    0.0     0.0  2.0000
FORCE        200    2103        1.000000    0.0     0.0  2.0000
FORCE        200    2104        1.000000    0.0     0.0  2.0000
FORCE        200    2105        1.000000    0.0     0.0  2.0000
FORCE        200    2106        1.000000    0.0     0.0  2.0000
FORCE        200    2107        1.000000    0.0     0.0  2.0000
FORCE        200    2108        1.000000    0.0     0.0  2.0000
FORCE        200    2109        1.000000    0.0     0.0  2.0000
FORCE        200    2110        1.000000    0.0     0.0  2.0000
FORCE        200    2111        1.000000    0.0     0.0  2.0000
FORCE        200    2112        1.000000    0.0     0.0  2.0000
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FORCE        200    2113        1.000000    0.0     0.0  2.0000
FORCE        200    2114        1.000000    0.0     0.0  2.0000
FORCE        200    2115        1.000000    0.0     0.0  2.0000
FORCE        200    2116        1.000000    0.0     0.0  2.0000
FORCE        200    2117        1.000000    0.0     0.0  1.0000
$
ENDDATA
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2.60.2 Output
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.5

                             BUILD CODE 200403081751 BETA

     PROJECT NAME: D060
     RUN STARTED:  Mar  8, 2004 18:12
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

                                TOPOGRAPHY  SUMMARY

                  NUMBER OF TOPOGRAPHY REGIONS:                6
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                  ADDED NUMBER OF INDEPENDENT VARIABLES:       6
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:             6
                  TOTAL NUMBER OF ADDED DVGRID DATA:       40344
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    779
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        720
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       720
                   NUMBER OF ELEMENT PROPERTIES:             720
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            4662

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SEN
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     727
                  TOTAL NUMBER OF DESIGN VARIABLES:           727
                  NUMBER OF SHAPE DESIGN VARIABLES:             7
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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 SIX BEADS PATTERN OPTIMIZATION. TOPOMETRY, TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.369742E-06
                    SYSTEM VOLUME            4.320183E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   4.000000E+01
                             LENGTH Y   1.800000E+01
                             LENGTH Z   1.563187E-02
                             AREA XY    7.200000E+02
                             AREA YZ    2.813737E-01
                             AREA XZ    6.252749E-01
                             VOLUME XYZ 1.125495E+01
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                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  5.812264E-10 ; STRAIN ENERGY :  4.953227E+02
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.7234E-11  4.5862E-11 -3.6000E+01 -3.9600E+02  1.4400E+03  2.4961E-09
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     2.4809E+01 -1.2152E-01  1.7071E+01 -1.8002E+01
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2108     2.7534E+01  4.4084E-03  3.9913E-03  2.7534E+01
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.953227E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    0.000000E+00    1.000000E+00
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          2     THCK4       1.000000E-01    6.000000E-01    1.200000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     6.351158E-03  UB   1.000000E-03   V
        1003  DISTZ                     6.351158E-03  UB   1.000000E-03   V
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     5.291360E-03  UB   1.000000E-03   V
        1006  DISTZ                     5.291360E-03  UB   1.000000E-03   V
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     9.380350E-03  UB   1.000000E-03   V
        1009  DISTZ                     9.380350E-03  UB   1.000000E-03   V
    VOLUME           0  SYS             4.320183E+02  UB   6.000000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.673676E-06
                    SYSTEM VOLUME            5.991892E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y
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                             LENGTH X   4.000000E+01
                             LENGTH Y   1.800000E+01
                             LENGTH Z   2.070710E+00
                             AREA XY    7.200000E+02
                             AREA YZ    3.727279E+01
                             AREA XZ    8.282841E+01
                             VOLUME XYZ 1.490911E+03
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                   S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL :  5.366288E-12 ; STRAIN ENERGY :  5.303486E+01
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                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  3.6000E+01  3.9600E+02 -1.4400E+03  0.0000E+00
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                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.3191E-10 -2.1204E-10 -3.6000E+01 -3.9600E+02  1.4400E+03 -1.1526E-08
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2100     2.0000E+00  0.0000E+00  0.0000E+00  2.0000E+00
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 SIX BEADS PATTERN OPTIMIZATION. TOPOMETRY, TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
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                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      459     1.9656E+02 -3.1610E-06  1.9573E+02 -1.8000E+01
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2099     2.9567E+00  1.7010E-02 -8.3996E-03  2.9566E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.303486E+01

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     DOMAIN_Z    0.000000E+00    6.900856E-01    1.000000E+00
          2     THCK4       1.000000E-01    1.200000E+00    1.200000E+00
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  CONSTRAINT

                         DRESPG
   -------------------------------------------------------------------------
--
                                          RESPONSE   BOUND   BOUND     BOUND
    DRESPG #    TYPE                      VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
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        1001  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1002  DISTZ                     7.771561E-16  UB   1.000000E-03   I
        1003  DISTZ                     3.663736E-15  UB   1.000000E-03   I
        1004  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1005  DISTZ                     8.728691E-05  UB   1.000000E-03   I
        1006  DISTZ                     8.728691E-05  UB   1.000000E-03   I
        1007  DISTZ                     0.000000E+00  UB   1.000000E-03   I
        1008  DISTZ                     2.070828E-04  UB   1.000000E-03   I
        1009  DISTZ                     2.070828E-04  UB   1.000000E-03   I
    VOLUME           0  SYS             5.991892E+02  UB   6.000000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:12  PAGE   24
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.953E-01 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.9532E+02       838.0%
    1     2.4367E+02         0.0%
    2     1.1981E+02         0.7%
    3     8.6608E+01         0.0%
    4     6.3176E+01         0.0%
    5     5.8103E+01         0.0%
    6     5.5667E+01         0.0%
    7     5.4020E+01         0.0%
    8     5.3171E+01         0.0%
    9     5.3125E+01         0.0%
   10     5.3035E+01         0.0%
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1GENESIS   VERSION  7.5                   DATE 03-08-2004  TIME 18:12  PAGE   26
 SIX BEADS PATTERN OPTIMIZATION. TOPOMETRY, TOPOGRAPHY AND DOMAINS
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE
                1             2
         DOMAIN_Z         THCK4

    0     0.0000E+00*   6.0000E-01
    1     1.0000E-01    7.5000E-01
    2     2.0000E-01    9.3750E-01
    3     2.5000E-01    1.0547E+00
    4     3.1250E-01    1.1865E+00
    5     3.9062E-01    1.2000E+00*
    6     4.8828E-01    1.2000E+00*
    7     6.1035E-01    1.2000E+00*
    8     7.6174E-01    1.2000E+00*
    9     9.2011E-01    1.2000E+00*
   10     6.9009E-01    1.2000E+00*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
1                            ***** END OF OUTPUT *****
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2.61 Shape Optimization of a Solid Cantilever Beam using 
DOMAINs

Example ID:
D061

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DRESPG, DCONS

Special Feature Used:
Uses multiple DOMAINs + DVGRIDC to automatically generate DVGRID DATA.
Uses DRESPG to keep a minimum size on the tip of the structure.

Problem Statement:
Minimize the mass of a cantilevered beam subject to three loadcases consisting of tip shear, tip 
moment and end twisting moment. 

Design problem:
Minimize mass; 9 shape design variables; 1 stress constraint; 2 geometric constraints; 1 frequency 
constraint

Design Data Relationships: 

DVGRIDC

DRESP1

DVGRID

DVAR

DVAR

DOBJ, DCONS
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Problem Description:
This optimization is done using perturbation vectors. 
Three HEXA domains are used to define 9 basis vectors. The first domain covers the entire beam. 
Four basis vectors are generated with this domain. The first two are linear tapering in the y- and z- 
directions, respectively. The next two allow quadratic variations in shape along the entire length 
of the beam. 
The other two domains each cover half of the beam. The last 5 basis vectors are generated using 
these two domains.

Results:
The mass of the beam is reduced by 47%. There were not constraint violations.
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Notes:
This problem is also solved using two alternative methods, the natural perturbation vector method 
and with topography optimization. See examples D063 and D064 for more details.
For more informations about this problem solved with the DOMAIN method see the reference 
[1].
 
[1] Leiva, J.P., And Watson, B.C., 'Automatic Generation Of Basis Vectors For Shape Optimiza-
tion In The Genesis Program', 7th Aiaa/usaf/nasa/issmo Symposium On Multidisciplinary Analy-
sis And Optimization, St. Louis, MO, Sep 2-4, 1998, Pp. 1115-1122. 

This paper can be found at: http://www.vrand.com/publication.htm
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2.61.1 Input Data

ID D061
POST=PUNCH
CEND
TITLE=SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                             
ECHO = NONE
LINE = *,80
PERTURBATION = POST
SHAPE=post
STRESS=post
APRINT=last
$NODE SET
SET   11 =       1,       2,       3,       4,       5,       6,       7,       
                 8,       9,      10,      11,      12,      13,      14,       
                15,      16,      17,      18,      19,      20,      21,       
                22,      23,      24,      25,      26,      27,      28,       
                29,      30,      31,      32,      33,      34,      35,       
                36,      37,      38,      39,      40,      41,      42,       
                43,      44,      45,      46,      47,      48,      49,       
                50,      51,      52,      53,      54,      55,      56,       
                57,      58,      59,      60,      61,      62,      63,       
                64,      65,      66,      67,      68,      69,      70,       
                71,      72,      73,      74,      75,      76,      77,       
                78,      79,      80,      81,      82,      83,      84,       
                85,      86,      87,      88,      89,      90,      91,       
                92,      93,      94,      95,      96,      97,      98,       
                99,     100,     101,     102,     103,     104,     105,       
               106,     107,     108,     109,     110,     111,     112,       
               113,     114,     115,     116,     117,     118,     119,       
               120,     121,     122,     123,     124,     125,     126,       
               127,     128,     129,     130,     131,     132                 

$ NODE SET
SET   21 =       1,       2,       3,       4,       5,       6,       7,       
                 8,       9,      10,      11,      12,      13,      14,       
                15,      16,      17,      18,      19,      20,      21,       
                22,      23,      24,      25,      26,      27,      28,       
                29,      30,      31,      32,      33,      34,      35,       
                36,      37,      38,      39,      40,      41,      42,       
                43,      44,      45,      46,      47,      48,      49,       
                50,      51,      52,      53,      54,      55,      56,       
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                57,      58,      59,      60,      61,      62,      63,       
                64,      65,      66,      67,      68,      69,      70,       
                71,      72,     135,     136,     137,     138                 
$ NODE SET
SET   22 =      61,      62,      63,      64,      65,      66,      67,       
                68,      69,      70,      71,      72,      73,      74,       
                75,      76,      77,      78,      79,      80,      81,       
                82,      83,      84,      85,      86,      87,      88,       
                89,      90,      91,      92,      93,      94,      95,       
                96,      97,      98,      99,     100,     101,     102,       
               103,     104,     105,     106,     107,     108,     109,       
               110,     111,     112,     113,     114,     115,     116,       
               117,     118,     119,     120,     121,     122,     123,       
               124,     125,     126,     127,     128,     129,     130,       
               131,     132,     139,     140,     141,     142                 
$ NODE SET
SET    3 =       4                                                              
LOADCASE        1
   LABEL=                                                            
   SPC  =       1
   LOAD =       1
LOADCASE        2
   LABEL=                                                            
   SPC  =       1
   LOAD =       2
LOADCASE        3
   LABEL=                                                            
   SPC  =       1
   LOAD =       3
LOADCASE        4
   LABEL= MODES                                                      
   SPC  =       1
   METHOD = 1
   SVECTOR = POST,3
BEGIN BULK
$  --- DESIGN DATA ---
EIGR    1       SUB                             5       MAX0
DOPT          20
+          BASIS       0                                                        
$

DVAR           1TAPER-Y     0.0 -150.000150.0000.500000020.00000
DVAR           2TAPER-Z     0.0 -100.000100.0000.500000020.00000
DVAR           3CURVE-Y     0.0 -150.000150.0000.500000020.00000
DVAR           4CURVE-Z     0.0 -10.0000100.0000.500000020.00000
DVAR           5CRV-Y2A     0.0 -1000.001000.000.500000020.00000
DVAR           6CRV-Y2B     0.0 -1000.001000.000.500000020.00000
DVAR           7CRV-Z2A     0.0 -1000.001000.000.500000020.00000
DVAR           8CRV-Z2B     0.0 -1000.001000.000.500000020.00000
DVAR           9SMOOTH1     0.0 -100.000100.0000.50000003.000000
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$
DOMAIN        11
+       HEXA           3     124     128      12       1     132     130      10
+       GSET          11
+       DVAR           1       2       3       4
DOMAIN        21
+       HEXA           3      64      68      12       1      72      70      10
+       GSET          21
+       DVAR           5       7       9
DOMAIN        22
+       HEXA          64     124     128      68      72     132     130      70
+       GSET          22
+       DVAR           6       8       9
$
DVGRIDC        1     124                    0.0 1.000000    0.0
DVGRIDC        1     132                    0.0 1.000000    0.0
DVGRIDC        1     128                    0.0 -1.00000    0.0
DVGRIDC        1     130                    0.0 -1.00000    0.0
DVGRIDC        2     124                    0.0     0.0 -1.00000
DVGRIDC        2     128                    0.0     0.0 -1.00000
DVGRIDC        2     130                    0.0     0.0 1.000000
DVGRIDC        2     132                    0.0     0.0 1.000000
DVGRIDC        3      72                    0.0 1.000000    0.0
DVGRIDC        3      64                    0.0 1.000000    0.0
DVGRIDC        3      68                    0.0 -1.00000    0.0
DVGRIDC        3      70                    0.0 -1.00000    0.0
DVGRIDC        4      72                    0.0     0.0 1.000000
DVGRIDC        4      70                    0.0     0.0 1.000000
DVGRIDC        4      68                    0.0     0.0 -1.00000
DVGRIDC        4      64                    0.0     0.0 -1.00000
DVGRIDC        5     135                    0.0 1.000000    0.0
DVGRIDC        5     136                    0.0 1.000000    0.0
DVGRIDC        5     137                    0.0 -1.00000    0.0
DVGRIDC        5     138                    0.0 -1.00000    0.0
DVGRIDC        6     139                    0.0 1.000000    0.0
DVGRIDC        6     140                    0.0 1.000000    0.0
DVGRIDC        6     141                    0.0 -1.00000    0.0
DVGRIDC        6     142                    0.0 -1.00000    0.0
DVGRIDC        7     135                    0.0     0.0 1.000000
DVGRIDC        7     136                    0.0     0.0 -1.00000
DVGRIDC        7     138                    0.0     0.0 -1.00000
DVGRIDC        7     137                    0.0     0.0 1.000000
DVGRIDC        8     139                    0.0     0.0 1.000000
DVGRIDC        8     140                    0.0     0.0 -1.00000
DVGRIDC        8     142                    0.0     0.0 -1.00000
DVGRIDC        8     141                    0.0     0.0 1.000000
DVGRIDC        9     136                    0.0 .8320000-.555000
DVGRIDC        9     138                    0.0 -.832000-.555000
DVGRIDC        9     135                    0.0 .8320000.5550000
DVGRIDC        9     137                    0.0 -.832000.5550000
DVGRIDC        9      72                    0.0 3.3280002.219000
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DVGRIDC        9      64                    0.0 3.328000-2.21900
DVGRIDC        9      68                    0.0 -3.32800-2.21900
DVGRIDC        9      70                    0.0 -3.328002.219000
DVGRIDC        9     142                    0.0 -5.82400-3.88300
DVGRIDC        9     140                    0.0 5.824000-3.88300
DVGRIDC        9     139                    0.0 5.8240003.883000
DVGRIDC        9     141                    0.0 -5.824003.883000
DVGRIDC        9     128                    0.0 -6.65600-4.43800
DVGRIDC        9     130                    0.0 -6.656004.438000
DVGRIDC        9     124                    0.0 6.656000-4.43800
DVGRIDC        9     132                    0.0 6.6560004.438000
$
$
DRESP1         1MISES   GSTRESS                        7       1       2       3
+              4       5       6       7       8       9      10      11      12
+             13      14      15      16      17      18      19      20      21
+             22      23      24      25      26      27      28      29      30
+             31      32      33      34      35      36      37      38      39
+             40      41      42      43      44      45      46      47      48
+             49      50      51      52      53      54      55      56      57
+             58      59      60      61      62      63      64      65      66
+             67      68      69      70      71      72      73      74      75
+             76      77      78      79      80      81      82      83      84
+             85      86      87      88      89      90      91      92      93
+             94      95      96      97      98      99     100     101     102
+            103     104     105     106     107     108     109     110     111
+            112     113     114     115     116     117     118     119     120
+            121     122     123     124     125     126     127     128     129
+            130     131     132
DCONS          1        -.10E+310.26E+03
DRESP1        10MASS    MASS
DRESPG        21TIP-Y   LENGTH                               132     130
DCONS         21        0.10E+020.10E+31
DRESPG        22TIP-Z   LENGTH                               132     124
DCONS         22        0.10E+020.10E+31
DRESP1       100FREQ3   FREQ           4
DCONS        100        0.70E+030.10E+31
$
DOBJ          10MASS    
$
$
$
$  --- ANALYSIS DATA ---
PARAM,MODTRK  ,ALL
PSOLID         3       1                                                SOLID1  
CHEXA          7       3      13      16      15      14       2       3+H000007
+H000007       6       5
CHEXA          8       3      14      15      18      17       5       6+H000008
+H000008       9       8
CHEXA          9       3      17      18      20      19       8       9+H000009
+H000009      12      11
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CHEXA         10       3      21      17      19      22       7       8+H000010
+H000010      11      10
CHEXA         11       3      23      14      17      21       4       5+H000011
+H000011       8       7
CHEXA         12       3      24      13      14      23       1       2+H000012
+H000012       5       4
CHEXA         13       3      25      28      27      26      13      16+H000013
+H000013      15      14
CHEXA         14       3      26      27      30      29      14      15+H000014
+H000014      18      17
CHEXA         15       3      29      30      32      31      17      18+H000015
+H000015      20      19
CHEXA         16       3      33      29      31      34      21      17+H000016
+H000016      19      22
CHEXA         17       3      35      26      29      33      23      14+H000017
+H000017      17      21
CHEXA         18       3      36      25      26      35      24      13+H000018
+H000018      14      23
CHEXA         19       3      37      40      39      38      25      28+H000019
+H000019      27      26
CHEXA         20       3      38      39      42      41      26      27+H000020
+H000020      30      29
CHEXA         21       3      41      42      44      43      29      30+H000021
+H000021      32      31
CHEXA         22       3      45      41      43      46      33      29+H000022
+H000022      31      34
CHEXA         23       3      47      38      41      45      35      26+H000023
+H000023      29      33
CHEXA         24       3      48      37      38      47      36      25+H000024
+H000024      26      35
CHEXA         25       3      49      52      51      50      37      40+H000025
+H000025      39      38
CHEXA         26       3      50      51      54      53      38      39+H000026
+H000026      42      41
CHEXA         27       3      53      54      56      55      41      42+H000027
+H000027      44      43
CHEXA         28       3      57      53      55      58      45      41+H000028
+H000028      43      46
CHEXA         29       3      59      50      53      57      47      38+H000029
+H000029      41      45
CHEXA         30       3      60      49      50      59      48      37+H000030
+H000030      38      47
CHEXA         31       3      61      64      63      62      49      52+H000031
+H000031      51      50
CHEXA         32       3      62      63      66      65      50      51+H000032
+H000032      54      53
CHEXA         33       3      65      66      68      67      53      54+H000033
+H000033      56      55
CHEXA         34       3      69      65      67      70      57      53+H000034
+H000034      55      58
CHEXA         35       3      71      62      65      69      59      50+H000035
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+H000035      53      57
CHEXA         36       3      72      61      62      71      60      49+H000036
+H000036      50      59
CHEXA         37       3      73      76      75      74      61      64+H000037
+H000037      63      62
CHEXA         38       3      74      75      78      77      62      63+H000038
+H000038      66      65
CHEXA         39       3      77      78      80      79      65      66+H000039
+H000039      68      67
CHEXA         40       3      81      77      79      82      69      65+H000040
+H000040      67      70
CHEXA         41       3      83      74      77      81      71      62+H000041
+H000041      65      69
CHEXA         42       3      84      73      74      83      72      61+H000042
+H000042      62      71
CHEXA         43       3      85      88      87      86      73      76+H000043
+H000043      75      74
CHEXA         44       3      86      87      90      89      74      75+H000044
+H000044      78      77
CHEXA         45       3      89      90      92      91      77      78+H000045
+H000045      80      79
CHEXA         46       3      93      89      91      94      81      77+H000046
+H000046      79      82
CHEXA         47       3      95      86      89      93      83      74+H000047
+H000047      77      81
CHEXA         48       3      96      85      86      95      84      73+H000048
+H000048      74      83
CHEXA         49       3      97     100      99      98      85      88+H000049
+H000049      87      86
CHEXA         50       3      98      99     102     101      86      87+H000050
+H000050      90      89
CHEXA         51       3     101     102     104     103      89      90+H000051
+H000051      92      91
CHEXA         52       3     105     101     103     106      93      89+H000052
+H000052      91      94
CHEXA         53       3     107      98     101     105      95      86+H000053
+H000053      89      93
CHEXA         54       3     108      97      98     107      96      85+H000054
+H000054      86      95
CHEXA         55       3     109     112     111     110      97     100+H000055
+H000055      99      98
CHEXA         56       3     110     111     114     113      98      99+H000056
+H000056     102     101
CHEXA         57       3     113     114     116     115     101     102+H000057
+H000057     104     103
CHEXA         58       3     117     113     115     118     105     101+H000058
+H000058     103     106
CHEXA         59       3     119     110     113     117     107      98+H000059
+H000059     101     105
CHEXA         60       3     120     109     110     119     108      97+H000060
+H000060      98     107
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CHEXA         61       3     121     124     123     122     109     112+H000061
+H000061     111     110
CHEXA         62       3     122     123     126     125     110     111+H000062
+H000062     114     113
CHEXA         63       3     125     126     128     127     113     114+H000063
+H000063     116     115
CHEXA         64       3     129     125     127     130     117     113+H000064
+H000064     115     118
CHEXA         65       3     131     122     125     129     119     110+H000065
+H000065     113     117
CHEXA         66       3     132     121     122     131     120     109+H000066
+H000066     110     119
RBE2          67     125  123456     128     126     133     123     124+RB00001
+RB00001     127                                                        RBE     
RBE2         101     125  123456     130     129     134     131     132+RB00002
+RB00002     121                                                        RBE     
RBE2         102     125  123456     122                                RBE     
MAT1           1.207E+06        .320E+00.786E-08.000E+00.000E+00.000E+00MATER1  
GRID           1           0.000   0.000   0.000
GRID           2           0.000   0.000 100.000
GRID           3           0.000   0.000 200.000
GRID           4           0.000 100.000   0.000
GRID           5           0.000 100.000 100.000
GRID           6           0.000 100.000 200.000
GRID           7           0.000 200.000   0.000
GRID           8           0.000 200.000 100.000
GRID           9           0.000 200.000 200.000
GRID          10           0.000 300.000   0.000
GRID          11           0.000 300.000 100.000
GRID          12           0.000 300.000 200.000
GRID          13         100.000   0.000 100.000
GRID          14         100.000 100.000 100.000
GRID          15         100.000 100.000 200.000
GRID          16         100.000   0.000 200.000
GRID          17         100.000 200.000 100.000
GRID          18         100.000 200.000 200.000
GRID          19         100.000 300.000 100.000
GRID          20         100.000 300.000 200.000
GRID          21         100.000 200.000   0.000
GRID          22         100.000 300.000   0.000
GRID          23         100.000 100.000   0.000
GRID          24         100.000   0.000   0.000
GRID          25         200.000   0.000 100.000
GRID          26         200.000 100.000 100.000
GRID          27         200.000 100.000 200.000
GRID          28         200.000   0.000 200.000
GRID          29         200.000 200.000 100.000
GRID          30         200.000 200.000 200.000
GRID          31         200.000 300.000 100.000
GRID          32         200.000 300.000 200.000
GRID          33         200.000 200.000   0.000
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GRID          34         200.000 300.000   0.000
GRID          35         200.000 100.000   0.000
GRID          36         200.000   0.000   0.000
GRID          37         300.000   0.000 100.000
GRID          38         300.000 100.000 100.000
GRID          39         300.000 100.000 200.000
GRID          40         300.000   0.000 200.000
GRID          41         300.000 200.000 100.000
GRID          42         300.000 200.000 200.000
GRID          43         300.000 300.000 100.000
GRID          44         300.000 300.000 200.000
GRID          45         300.000 200.000   0.000
GRID          46         300.000 300.000   0.000
GRID          47         300.000 100.000   0.000
GRID          48         300.000   0.000   0.000
GRID          49         400.000   0.000 100.000
GRID          50         400.000 100.000 100.000
GRID          51         400.000 100.000 200.000
GRID          52         400.000   0.000 200.000
GRID          53         400.000 200.000 100.000
GRID          54         400.000 200.000 200.000
GRID          55         400.000 300.000 100.000
GRID          56         400.000 300.000 200.000
GRID          57         400.000 200.000   0.000
GRID          58         400.000 300.000   0.000
GRID          59         400.000 100.000   0.000
GRID          60         400.000   0.000   0.000
GRID          61         500.000   0.000 100.000
GRID          62         500.000 100.000 100.000
GRID          63         500.000 100.000 200.000
GRID          64         500.000   0.000 200.000
GRID          65         500.000 200.000 100.000
GRID          66         500.000 200.000 200.000
GRID          67         500.000 300.000 100.000
GRID          68         500.000 300.000 200.000
GRID          69         500.000 200.000   0.000
GRID          70         500.000 300.000   0.000
GRID          71         500.000 100.000   0.000
GRID          72         500.000   0.000   0.000
GRID          73         600.000   0.000 100.000
GRID          74         600.000 100.000 100.000
GRID          75         600.000 100.000 200.000
GRID          76         600.000   0.000 200.000
GRID          77         600.000 200.000 100.000
GRID          78         600.000 200.000 200.000
GRID          79         600.000 300.000 100.000
GRID          80         600.000 300.000 200.000
GRID          81         600.000 200.000   0.000
GRID          82         600.000 300.000   0.000
GRID          83         600.000 100.000   0.000
GRID          84         600.000   0.000   0.000
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GRID          85         700.000   0.000 100.000
GRID          86         700.000 100.000 100.000
GRID          87         700.000 100.000 200.000
GRID          88         700.000   0.000 200.000
GRID          89         700.000 200.000 100.000
GRID          90         700.000 200.000 200.000
GRID          91         700.000 300.000 100.000
GRID          92         700.000 300.000 200.000
GRID          93         700.000 200.000   0.000
GRID          94         700.000 300.000   0.000
GRID          95         700.000 100.000   0.000
GRID          96         700.000   0.000   0.000
GRID          97         800.000   0.000 100.000
GRID          98         800.000 100.000 100.000
GRID          99         800.000 100.000 200.000
GRID         100         800.000   0.000 200.000
GRID         101         800.000 200.000 100.000
GRID         102         800.000 200.000 200.000
GRID         103         800.000 300.000 100.000
GRID         104         800.000 300.000 200.000
GRID         105         800.000 200.000   0.000
GRID         106         800.000 300.000   0.000
GRID         107         800.000 100.000   0.000
GRID         108         800.000   0.000   0.000
GRID         109         900.000   0.000 100.000
GRID         110         900.000 100.000 100.000
GRID         111         900.000 100.000 200.000
GRID         112         900.000   0.000 200.000
GRID         113         900.000 200.000 100.000
GRID         114         900.000 200.000 200.000
GRID         115         900.000 300.000 100.000
GRID         116         900.000 300.000 200.000
GRID         117         900.000 200.000   0.000
GRID         118         900.000 300.000   0.000
GRID         119         900.000 100.000   0.000
GRID         120         900.000   0.000   0.000
GRID         121        1000.000   0.000 100.000
GRID         122        1000.000 100.000 100.000
GRID         123        1000.000 100.000 200.000
GRID         124        1000.000   0.000 200.000
GRID         125        1000.000 200.000 100.000
GRID         126        1000.000 200.000 200.000
GRID         127        1000.000 300.000 100.000
GRID         128        1000.000 300.000 200.000
GRID         129        1000.000 200.000   0.000
GRID         130        1000.000 300.000   0.000
GRID         131        1000.000 100.000   0.000
GRID         132        1000.000   0.000   0.000
GRID         133        1000.000 150.000 200.000
GRID         134        1000.000 150.000   0.000
GRID         135         250.000   0.000   0.000
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GRID         136         250.000   0.000 200.000
GRID         137         250.000 300.000   0.000
GRID         138         250.000 300.000 200.000
GRID         139         750.000   0.000   0.000
GRID         140         750.000   0.000 200.000
GRID         141         750.000 300.000   0.000
GRID         142         750.000 300.000 200.000
SPC            1       1  123456     0.0
SPC            1       2  123456     0.0
SPC            1       3  123456     0.0
SPC            1       4  123456     0.0
SPC            1       5  123456     0.0
SPC            1       6  123456     0.0
SPC            1       7  123456     0.0
SPC            1       8  123456     0.0
SPC            1       9  123456     0.0
SPC            1      10  123456     0.0
SPC            1      11  123456     0.0
SPC            1      12  123456     0.0
FORCE          1     133       0   1.0      0.0 -375000.    0.0
FORCE          1     134       0   1.0      0.0 -375000.    0.0
FORCE          2     133       0   1.0      0.0 -500000.    0.0
FORCE          2     134       0   1.0      0.0 500000.0    0.0
FORCE          3     133       0   1.0  -500000.    0.0     0.0
FORCE          3     134       0   1.0  500000.0    0.0     0.0
ENDDATA
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2.61.2 Output

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2004           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.5

                             BUILD CODE 200403191001     

     PROJECT NAME: D061               
     RUN STARTED:  May 25, 2004 11:35
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:           40000000

     LICENSED TO: Vanderplaats R&D, Inc.                                      
     LICENSE EXPIRES: Dec 31, 2020

1GENESIS   VERSION  7.5                   DATE 05-25-2004  TIME 11:35  PAGE    1
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 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    142
                   NUMBER OF CHEXA ELEMENTS:                  60
                   TOTAL NUMBER OF NON RIGID ELEMENTS:        60
                   NUMBER OF RBE2 ELEMENTS:                    3
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             408

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     MASS    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       9
                  TOTAL NUMBER OF DESIGN VARIABLES:             9
                  NUMBER OF SHAPE DESIGN VARIABLES:             9
                  NUMBER OF DIRECT RESPONSES:                 400
                  NUMBER OF POTENTIAL CONSTRAINTS:            798

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    4
 
1GENESIS   VERSION  7.5                   DATE 05-25-2004  TIME 11:35  PAGE    2
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.5                   DATE 05-25-2004  TIME 11:35  PAGE  193
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

                    ***********************************
                    * S O F T   C O N V E R G E N C E *
                    * NO FURTHER PROGRESS CAN BE MADE *
                    ***********************************
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 THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN ANY GRID POINT LOCATION DURING
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
1GENESIS   VERSION  7.5                   DATE 05-25-2004  TIME 11:35  PAGE  194
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.7160E-01         0.0%
    1     2.7818E-01        74.2%
    2     2.7616E-01        13.5%
    3     2.8708E-01         1.7%
    4     2.7090E-01         1.7%
    5     2.6804E-01         0.2%
    6     2.6332E-01         0.0%
    7     2.5741E-01         0.0%
    8     2.5181E-01         0.2%
    9     2.5079E-01         0.0%
   10     2.4979E-01         0.0%
   11     2.4973E-01         0.0%
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2.62 Shape Optimization of a Solid Cantilever Beam using 
Natural Perturbation Vectors (Auxiliary Problem)

Example ID:
D062 (companion data for D063)

Design Data Used: 
DVSHAPE, DOPT

Special Feature Used:
Uses DVSHAPE, PLOAD4 and FORCE to automatically generate DVAR and DVGRID DATA.

Problem Statement:
Create natural perturbation vectors for the shape design of a beam (to be used in problem D063).

Design problem:
Defined in D063.

Problem Description:
Create natural perturbation vectors (DOPT parameter BASIS = 0). 
12 DVSHAPE are used to create 12 design variables and corresponding DVGRID data.
A skin mesh componed by CQUAD4 elements is created.
PLOAD4 and FORCE are used to create perturbation vectors
SPCs are used to isolate the different perturbation vectors.

Results:
The file D062.DVS containing the DVARs and DVGRIDs is created successfully. D062.DVS is 
used in D063.dat using the INCLUDE bulk data statement.
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2.62.1 Input Data
ID D062
CEND
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$ GENESIS DATA FILE WRITTEN BY:  ETA/FEMB            $
$   May 21, 2004    11:27:19         VERSION 27      $
$ VIEWING INFORMATION                                $
$ -.229807E+020.942211E+03-.384176E+030.309895E+03   $
$ 0.707100E+000.707100E+000.000000E+00               $
$ -.353550E+000.353550E+000.866020E+00               $
$ 0.612370E+00-.612370E+000.500000E+00               $
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
TITLE=SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION 
VECTORS                             
ECHO = NONE
LINE = *,80
$ NODE SET
SET    3 =       4                                                              
$ NODE SET
SET    1 =       3,       6,       9,      12,      15,      16,      18,       
                20,      27,      28,      30,      32,      39,      40,       
                42,      44,      51,      52,      54,      56,      63,       
                64,      66,      68,     138,     139                          
$ NODE SET
SET    2 =      64,      76,      75,      63,      78,      66,      80,       
                68,      88,      87,      90,      92,     100,      99,       
               102,     104,     112,     111,     114,     116,     124,       
               123,     126,     128                                            
$ NODE SET
SET    4 =     132,     120,     119,     131,     117,     129,     118,       
               130,     108,     107,     105,     106,      96,      95,       
                93,      94,      84,      83,      81,      82,      72,       
                71,      69,      70                                            
$ NODE SET
SET    5 =      72,      60,      59,      71,      57,      69,      58,       
                70,      48,      47,      45,      46,      36,      35,       
                33,      34,      24,      23,      21,      22,       1,       
                 4,       7,      10                                            
$ NODE SET
SET    6 =       3,       2,      13,      16,      25,      28,      37,       
                40,      49,      52,      61,      64,       1,      24,       
                36,      48,      60,      72                                   
$ NODE SET
SET    7 =      64,      61,      73,      76,      85,      88,      97,       
               100,     109,     112,     121,     124,      72,      84,       
                96,     108,     120,     132                                   
$ NODE SET
SET    8 =      68,      67,      55,      56,      43,      44,      31,       
                32,      19,      20,      11,      12,      70,      58,       
                46,      34,      22,      10                                   
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$ NODE SET
SET    9 =     128,     127,     115,     116,     103,     104,      91,       
                92,      79,      80,      67,      68,     130,     118,       
               106,      94,      82,      70                                   
$ NODE SET
SET   10 =       3,       6,       9,      12,      15,      16,      18,       
                20,      27,      28,      30,      32,      39,      40,       
                42,      44,      51,      52,      54,      56,      63,       
                64,      66,      68,      75,      76,      78,      80,       
                87,      88,      90,      92,      99,     100,     102,       
               104,     111,     112,     114,     116,     123,     124,       
               126,     128,     138,     139,       1,       4,       7,       
                10,      21,      22,      23,      24,      33,      34,       
                35,      36,      45,      46,      47,      48,      57,       
                58,      59,      60,      69,      70,      71,      72,       
                81,      82,      83,      84,      93,      94,      95,       
                96,     105,     106,     107,     108,     117,     118,       
               119,     120,     129,     130,     131,     132,     135,       
               136 
$ NODE SET
SET   11 =       3,       2,      13,      16,      25,      28,      37,       
                40,      49,      52,      61,      64,       1,      24,       
                36,      48,      60,      72,      73,      76,      85,       
                88,      97,     100,     109,     112,     121,     124,       
                84,      96,     108,     120,     132,      68,      67,       
                55,      56,      43,      44,      31,      32,      19,       
                20,      11,      12,      70,      58,      46,      34,       
                22,      10,     128,     127,     115,     116,     103,       
               104,      91,      92,      79,      80,     130,     118,       
               106,      94,      82                                            
$ NODE SET
SET   12 =       3,      16,      15,       6,      18,       9,      20,       
                12,      28,      27,      30,      32,      40,      39,       
                42,      44,      52,      51,      54,      56,      64,       
                63,      66,      68,      76,      75,      78,      80,       
                88,      87,      90,      92,     100,      99,     102,       
               104,     112,     111,     114,     116,     124,     123,       
               126,     128                                                     
$ NODE SET
SET   13 =      72,      60,      59,      71,      57,      69,      58,       
                70,      48,      47,      45,      46,      36,      35,       
                33,      34,      24,      23,      21,      22,       1,       
                 4,       7,      10,     132,     120,     119,     131,       
               117,     129,     118,     130,     108,     107,     105,       
               106,      96,      95,      93,      94,      84,      83,       
                81,      82                                                     
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$ NODE SET
SET   14 =       3,       2,      13,      16,      25,      28,      37,       
                40,      49,      52,      61,      64,       1,      24,       
                36,      48,      60,      72,      73,      76,      85,       
                88,      97,     100,     109,     112,     121,     124,       
                84,      96,     108,     120,     132                          
$ NODE SET
SET   15 =      68,      67,      55,      56,      43,      44,      31,       
                32,      19,      20,      11,      12,      70,      58,       
                46,      34,      22,      10,     128,     127,     115,       
               116,     103,     104,      91,      92,      79,      80,       
               130,     118,     106,      94,      82                          
                                                             
LOADCASE        1
   SPC    =       1
LOADCASE        5
   LABEL=LOAD5                                                       
   SPC    =       2
   LOAD   =       4
   DVSHAPE=10,-1.0,1.0,12,100.0
LOADCASE        6
   LABEL=TOP2                                                        
   SPC    =       3
   LOAD   =       5
   DVSHAPE=20,-1.0,1.0,12,100.0
LOADCASE        7
   LABEL=BOT1                                                        
   SPC    =       4
   LOAD   =       6
   DVSHAPE=30,-1.0,1.0,13,100.0
LOADCASE        8
   LABEL=BOT2                                                        
   SPC    =       5
   LOAD   =       7
   DVSHAPE=40,-1.0,1.0,13,100.0
LOADCASE        9
   LABEL=SIDE1                                                       
   SPC    =       6
   LOAD   =       8
   DVSHAPE=50,-1.0,1.0,14,100.0
LOADCASE       10
   LABEL=SIDE2                                                       
   SPC    =       7
   LOAD   =       9
   DVSHAPE=60,-1.0,1.0,14,100.0
LOADCASE       11
   LABEL=SIDE3                                                       
   SPC    =       8
   LOAD   =      10
   DVSHAPE=70,-1.0,1.0,15,100.0
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LOADCASE       12
   LABEL=SIDE4                                                       
   SPC    =       9
   LOAD   =      11
   DVSHAPE=80,-1.0,1.0,15,100.0
LOADCASE       13
   LABEL=TOP                                                         
   SPC    =      10
   LOAD   =      12
   DVSHAPE=90,-1.0,1.0,12,80.0
LOADCASE       14
   LABEL=SIDE                                                        
   SPC    =      11
   LOAD   =      13
   DVSHAPE=100,-1.0,1.0,14,80.0
LOADCASE       15
   LABEL=SIDE5                                                       
   SPC    =      11
   LOAD   =      14
   DVSHAPE=110,-1.0,1.0,15,80.0
LOADCASE       16
   LABEL=BOT3                                                        
   SPC    =      10
   LOAD   =      15
   DVSHAPE=120,-1.0,1.0,13,80.0
BEGIN BULK
$  --- DESIGN DATA ---
DOPT          20
+          BASIS       0
$
$  --- ANALYSIS DATA ---
$
PARAM,MSMOOTH,ON
$
PSOLID         3       1                                                SOLID1  
PSHELL        14       11.000000       1               1                SIDE1
PSHELL        16       11.000000       1               1                SIDE2
PSHELL        32       11.00000        1               1                TOP1
PSHELL        33       11.000000       1               1                TOP2
PSHELL        35       11.000000       1               1                BOT1
PSHELL        37       11.000000       1               1                BOT2
PSHELL        39       11.000000       1               1                SIDE3
PSHELL        41       11.000000       1               1                SIDE4
CHEXA          7       3      13      16      15      14       2       3+H000007
+H000007       6       5
CHEXA          8       3      14      15      18      17       5       6+H000008
+H000008       9       8
CHEXA          9       3      17      18      20      19       8       9+H000009
+H000009      12      11
CHEXA         10       3      21      17      19      22       7       8+H000010
+H000010      11      10
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CHEXA         11       3      23      14      17      21       4       5+H000011
+H000011       8       7
CHEXA         12       3      24      13      14      23       1       2+H000012
+H000012       5       4
CHEXA         13       3      25      28      27      26      13      16+H000013
+H000013      15      14
CHEXA         14       3      26      27      30      29      14      15+H000014
+H000014      18      17
CHEXA         15       3      29      30      32      31      17      18+H000015
+H000015      20      19
CHEXA         16       3      33      29      31      34      21      17+H000016
+H000016      19      22
CHEXA         17       3      35      26      29      33      23      14+H000017
+H000017      17      21
CHEXA         18       3      36      25      26      35      24      13+H000018
+H000018      14      23
CHEXA         19       3      37      40      39      38      25      28+H000019
+H000019      27      26
CHEXA         20       3      38      39      42      41      26      27+H000020
+H000020      30      29
CHEXA         21       3      41      42      44      43      29      30+H000021
+H000021      32      31
CHEXA         22       3      45      41      43      46      33      29+H000022
+H000022      31      34
CHEXA         23       3      47      38      41      45      35      26+H000023
+H000023      29      33
CHEXA         24       3      48      37      38      47      36      25+H000024
+H000024      26      35
CHEXA         25       3      49      52      51      50      37      40+H000025
+H000025      39      38
CHEXA         26       3      50      51      54      53      38      39+H000026
+H000026      42      41
CHEXA         27       3      53      54      56      55      41      42+H000027
+H000027      44      43
CHEXA         28       3      57      53      55      58      45      41+H000028
+H000028      43      46
CHEXA         29       3      59      50      53      57      47      38+H000029
+H000029      41      45
CHEXA         30       3      60      49      50      59      48      37+H000030
+H000030      38      47
CHEXA         31       3      61      64      63      62      49      52+H000031
+H000031      51      50
CHEXA         32       3      62      63      66      65      50      51+H000032
+H000032      54      53
CHEXA         33       3      65      66      68      67      53      54+H000033
+H000033      56      55
CHEXA         34       3      69      65      67      70      57      53+H000034
+H000034      55      58
CHEXA         35       3      71      62      65      69      59      50+H000035
+H000035      53      57
1152 Design Examples Manual November 2009 GENESIS



CHEXA         36       3      72      61      62      71      60      49+H000036
+H000036      50      59
CHEXA         37       3      73      76      75      74      61      64+H000037
+H000037      63      62
CHEXA         38       3      74      75      78      77      62      63+H000038
+H000038      66      65
CHEXA         39       3      77      78      80      79      65      66+H000039
+H000039      68      67
CHEXA         40       3      81      77      79      82      69      65+H000040
+H000040      67      70
CHEXA         41       3      83      74      77      81      71      62+H000041
+H000041      65      69
CHEXA         42       3      84      73      74      83      72      61+H000042
+H000042      62      71
CHEXA         43       3      85      88      87      86      73      76+H000043
+H000043      75      74
CHEXA         44       3      86      87      90      89      74      75+H000044
+H000044      78      77
CHEXA         45       3      89      90      92      91      77      78+H000045
+H000045      80      79
CHEXA         46       3      93      89      91      94      81      77+H000046
+H000046      79      82
CHEXA         47       3      95      86      89      93      83      74+H000047
+H000047      77      81
CHEXA         48       3      96      85      86      95      84      73+H000048
+H000048      74      83
CHEXA         49       3      97     100      99      98      85      88+H000049
+H000049      87      86
CHEXA         50       3      98      99     102     101      86      87+H000050
+H000050      90      89
CHEXA         51       3     101     102     104     103      89      90+H000051
+H000051      92      91
CHEXA         52       3     105     101     103     106      93      89+H000052
+H000052      91      94
CHEXA         53       3     107      98     101     105      95      86+H000053
+H000053      89      93
CHEXA         54       3     108      97      98     107      96      85+H000054
+H000054      86      95
CHEXA         55       3     109     112     111     110      97     100+H000055
+H000055      99      98
CHEXA         56       3     110     111     114     113      98      99+H000056
+H000056     102     101
CHEXA         57       3     113     114     116     115     101     102+H000057
+H000057     104     103
CHEXA         58       3     117     113     115     118     105     101+H000058
+H000058     103     106
CHEXA         59       3     119     110     113     117     107      98+H000059
+H000059     101     105
CHEXA         60       3     120     109     110     119     108      97+H000060
+H000060      98     107
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CHEXA         61       3     121     124     123     122     109     112+H000061
+H000061     111     110
CHEXA         62       3     122     123     126     125     110     111+H000062
+H000062     114     113
CHEXA         63       3     125     126     128     127     113     114+H000063
+H000063     116     115
CHEXA         64       3     129     125     127     130     117     113+H000064
+H000064     115     118
CHEXA         65       3     131     122     125     129     119     110+H000065
+H000065     113     117
CHEXA         66       3     132     121     122     131     120     109+H000066
+H000066     110     119
CQUAD4       103      32       3      16      15       6
CQUAD4       104      32       6      15      18       9
CQUAD4       105      32       9      18      20      12
CQUAD4       106      32      16      28      27      15
CQUAD4       107      32      15      27      30      18
CQUAD4       108      32      18      30      32      20
CQUAD4       109      32      28      40      39      27
CQUAD4       110      32      27      39      42      30
CQUAD4       111      32      30      42      44      32
CQUAD4       112      32      40      52      51      39
CQUAD4       113      32      39      51      54      42
CQUAD4       114      32      42      54      56      44
CQUAD4       115      32      52      64      63      51
CQUAD4       116      32      51      63      66      54
CQUAD4       117      32      54      66      68      56
CQUAD4       118      33      64      76      75      63
CQUAD4       119      33      63      75      78      66
CQUAD4       120      33      66      78      80      68
CQUAD4       121      33      76      88      87      75
CQUAD4       122      33      75      87      90      78
CQUAD4       123      33      78      90      92      80
CQUAD4       124      33      88     100      99      87
CQUAD4       125      33      87      99     102      90
CQUAD4       126      33      90     102     104      92
CQUAD4       127      33     100     112     111      99
CQUAD4       128      33      99     111     114     102
CQUAD4       129      33     102     114     116     104
CQUAD4       130      33     112     124     123     111
CQUAD4       131      33     111     123     126     114
CQUAD4       132      33     114     126     128     116
CQUAD4       133      14       3       2      13      16
CQUAD4       134      14      16      13      25      28
CQUAD4       135      14      28      25      37      40
CQUAD4       136      14      40      37      49      52
CQUAD4       137      14      52      49      61      64
CQUAD4       138      16      64      61      73      76
CQUAD4       139      16      76      73      85      88
CQUAD4       140      16      88      85      97     100
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CQUAD4       141      16     100      97     109     112
CQUAD4       142      16     112     109     121     124
CQUAD4       143      14       2       1      24      13
CQUAD4       144      14      13      24      36      25
CQUAD4       145      14      25      36      48      37
CQUAD4       146      14      37      48      60      49
CQUAD4       147      14      49      60      72      61
CQUAD4       148      16      61      72      84      73
CQUAD4       149      16      73      84      96      85
CQUAD4       150      16      85      96     108      97
CQUAD4       151      16      97     108     120     109
CQUAD4       152      16     109     120     132     121
CQUAD4       153      41     128     127     115     116
CQUAD4       154      41     116     115     103     104
CQUAD4       155      41     104     103      91      92
CQUAD4       156      41      92      91      79      80
CQUAD4       157      41      80      79      67      68
CQUAD4       158      39      68      67      55      56
CQUAD4       159      39      56      55      43      44
CQUAD4       160      39      44      43      31      32
CQUAD4       161      39      32      31      19      20
CQUAD4       162      39      20      19      11      12
CQUAD4       163      41     127     130     118     115
CQUAD4       164      41     115     118     106     103
CQUAD4       165      41     103     106      94      91
CQUAD4       166      41      91      94      82      79
CQUAD4       167      41      79      82      70      67
CQUAD4       168      39      67      70      58      55
CQUAD4       169      39      55      58      46      43
CQUAD4       170      39      43      46      34      31
CQUAD4       171      39      31      34      22      19
CQUAD4       172      39      19      22      10      11
CQUAD4       173      37     132     120     119     131
CQUAD4       174      37     131     119     117     129
CQUAD4       175      37     129     117     118     130
CQUAD4       176      37     120     108     107     119
CQUAD4       177      37     119     107     105     117
CQUAD4       178      37     117     105     106     118
CQUAD4       179      37     108      96      95     107
CQUAD4       180      37     107      95      93     105
CQUAD4       181      37     105      93      94     106
CQUAD4       182      37      96      84      83      95
CQUAD4       183      37      95      83      81      93
CQUAD4       184      37      93      81      82      94
CQUAD4       185      37      84      72      71      83
CQUAD4       186      37      83      71      69      81
CQUAD4       187      37      81      69      70      82
CQUAD4       188      35      72      60      59      71
CQUAD4       189      35      71      59      57      69
CQUAD4       190      35      69      57      58      70
CQUAD4       191      35      60      48      47      59
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CQUAD4       192      35      59      47      45      57
CQUAD4       193      35      57      45      46      58
CQUAD4       194      35      48      36      35      47
CQUAD4       195      35      47      35      33      45
CQUAD4       196      35      45      33      34      46
CQUAD4       197      35      36      24      23      35
CQUAD4       198      35      35      23      21      33
CQUAD4       199      35      33      21      22      34
CQUAD4       200      35      24       1       4      23
CQUAD4       201      35      23       4       7      21
CQUAD4       202      35      21       7      10      22
MAT1           1207000.0        .32000007.86E-09    0.0     0.0     0.0 MATER1
GRID           1            0.0     0.0     0.0
GRID           2            0.0     0.0 100.0000
GRID           3            0.0     0.0 200.0000
GRID           4            0.0 100.0000    0.0
GRID           5            0.0 100.0000100.0000
GRID           6            0.0 100.0000200.0000
GRID           7            0.0 200.0000    0.0
GRID           8            0.0 200.0000100.0000
GRID           9            0.0 200.0000200.0000
GRID          10            0.0 300.0000    0.0
GRID          11            0.0 300.0000100.0000
GRID          12            0.0 300.0000200.0000
GRID          13        100.0000    0.0 100.0000
GRID          14        100.0000100.0000100.0000
GRID          15        100.0000100.0000200.0000
GRID          16        100.0000    0.0 200.0000
GRID          17        100.0000200.0000100.0000
GRID          18        100.0000200.0000200.0000
GRID          19        100.0000300.0000100.0000
GRID          20        100.0000300.0000200.0000
GRID          21        100.0000200.0000    0.0
GRID          22        100.0000300.0000    0.0
GRID          23        100.0000100.0000    0.0
GRID          24        100.0000    0.0     0.0
GRID          25        200.0000    0.0 100.0000
GRID          26        200.0000100.0000100.0000
GRID          27        200.0000100.0000200.0000
GRID          28        200.0000    0.0 200.0000
GRID          29        200.0000200.0000100.0000
GRID          30        200.0000200.0000200.0000
GRID          31        200.0000300.0000100.0000
GRID          32        200.0000300.0000200.0000
GRID          33        200.0000200.0000    0.0
GRID          34        200.0000300.0000    0.0
GRID          35        200.0000100.0000    0.0
GRID          36        200.0000    0.0     0.0
GRID          37        300.0000    0.0 100.0000
GRID          38        300.0000100.0000100.0000
GRID          39        300.0000100.0000200.0000
1156 Design Examples Manual November 2009 GENESIS



GRID          40        300.0000    0.0 200.0000
GRID          41        300.0000200.0000100.0000
GRID          42        300.0000200.0000200.0000
GRID          43        300.0000300.0000100.0000
GRID          44        300.0000300.0000200.0000
GRID          45        300.0000200.0000    0.0
GRID          46        300.0000300.0000    0.0
GRID          47        300.0000100.0000    0.0
GRID          48        300.0000    0.0     0.0
GRID          49        400.0000    0.0 100.0000
GRID          50        400.0000100.0000100.0000
GRID          51        400.0000100.0000200.0000
GRID          52        400.0000    0.0 200.0000
GRID          53        400.0000200.0000100.0000
GRID          54        400.0000200.0000200.0000
GRID          55        400.0000300.0000100.0000
GRID          56        400.0000300.0000200.0000
GRID          57        400.0000200.0000    0.0
GRID          58        400.0000300.0000    0.0
GRID          59        400.0000100.0000    0.0
GRID          60        400.0000    0.0     0.0
GRID          61        500.0000    0.0 100.0000
GRID          62        500.0000100.0000100.0000
GRID          63        500.0000100.0000200.0000
GRID          64        500.0000    0.0 200.0000
GRID          65        500.0000200.0000100.0000
GRID          66        500.0000200.0000200.0000
GRID          67        500.0000300.0000100.0000
GRID          68        500.0000300.0000200.0000
GRID          69        500.0000200.0000    0.0
GRID          70        500.0000300.0000    0.0
GRID          71        500.0000100.0000    0.0
GRID          72        500.0000    0.0     0.0
GRID          73        600.0000    0.0 100.0000
GRID          74        600.0000100.0000100.0000
GRID          75        600.0000100.0000200.0000
GRID          76        600.0000    0.0 200.0000
GRID          77        600.0000200.0000100.0000
GRID          78        600.0000200.0000200.0000
GRID          79        600.0000300.0000100.0000
GRID          80        600.0000300.0000200.0000
GRID          81        600.0000200.0000    0.0
GRID          82        600.0000300.0000    0.0
GRID          83        600.0000100.0000    0.0
GRID          84        600.0000    0.0     0.0
GRID          85        700.0000    0.0 100.0000
GRID          86        700.0000100.0000100.0000
GRID          87        700.0000100.0000200.0000
GRID          88        700.0000    0.0 200.0000
GRID          89        700.0000200.0000100.0000
GRID          90        700.0000200.0000200.0000
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GRID          91        700.0000300.0000100.0000
GRID          92        700.0000300.0000200.0000
GRID          93        700.0000200.0000    0.0
GRID          94        700.0000300.0000    0.0
GRID          95        700.0000100.0000    0.0
GRID          96        700.0000    0.0     0.0
GRID          97        800.0000    0.0 100.0000
GRID          98        800.0000100.0000100.0000
GRID          99        800.0000100.0000200.0000
GRID         100        800.0000    0.0 200.0000
GRID         101        800.0000200.0000100.0000
GRID         102        800.0000200.0000200.0000
GRID         103        800.0000300.0000100.0000
GRID         104        800.0000300.0000200.0000
GRID         105        800.0000200.0000    0.0
GRID         106        800.0000300.0000    0.0
GRID         107        800.0000100.0000    0.0
GRID         108        800.0000    0.0     0.0
GRID         109        900.0000    0.0 100.0000
GRID         110        900.0000100.0000100.0000
GRID         111        900.0000100.0000200.0000
GRID         112        900.0000    0.0 200.0000
GRID         113        900.0000200.0000100.0000
GRID         114        900.0000200.0000200.0000
GRID         115        900.0000300.0000100.0000
GRID         116        900.0000300.0000200.0000
GRID         117        900.0000200.0000    0.0
GRID         118        900.0000300.0000    0.0
GRID         119        900.0000100.0000    0.0
GRID         120        900.0000    0.0     0.0
GRID         121        1000.000    0.0 100.0000
GRID         122        1000.000100.0000100.0000
GRID         123        1000.000100.0000200.0000
GRID         124        1000.000    0.0 200.0000
GRID         125        1000.000200.0000100.0000
GRID         126        1000.000200.0000200.0000
GRID         127        1000.000300.0000100.0000
GRID         128        1000.000300.0000200.0000
GRID         129        1000.000200.0000    0.0
GRID         130        1000.000300.0000    0.0
GRID         131        1000.000100.0000    0.0
GRID         132        1000.000    0.0     0.0
GRID         133        1000.000150.0000200.0000
GRID         134        1000.000150.0000    0.0
GRID         135        250.0000    0.0     0.0
GRID         136        250.0000300.0000    0.0
GRID         138        250.0000300.0000200.0000
GRID         139        250.0000    0.0 200.0000
SPC            1       1  123456     0.0
SPC            1       2  123456     0.0
SPC            1       3  123456     0.0
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SPC            1       4  123456     0.0
SPC            1       5  123456     0.0
SPC            1       6  123456     0.0
SPC            1       7  123456     0.0
SPC            1       8  123456     0.0
SPC            1       9  123456     0.0
SPC            1      10  123456     0.0
SPC            1      11  123456     0.0
SPC            1      12  123456     0.0
SPC            2       3  123456     0.0
SPC            2       6  123456     0.0
SPC            2       9  123456     0.0
SPC            2      12  123456     0.0
SPC            2     123  123456     0.0
SPC            2     124  123456     0.0
SPC            2     126  123456     0.0
SPC            2     128  123456     0.0
SPC            3       3  123456     0.0
SPC            3       6  123456     0.0
SPC            3       9  123456     0.0
SPC            3      12  123456     0.0
SPC            3     123  123456     0.0
SPC            3     124  123456     0.0
SPC            3     126  123456     0.0
SPC            3     128  123456     0.0
SPC            4       1  123456     0.0
SPC            4       4  123456     0.0
SPC            4       7  123456     0.0
SPC            4      10  123456     0.0
SPC            4     129  123456     0.0
SPC            4     130  123456     0.0
SPC            4     131  123456     0.0
SPC            4     132  123456     0.0
SPC            5       1  123456     0.0
SPC            5       4  123456     0.0
SPC            5       7  123456     0.0
SPC            5      10  123456     0.0
SPC            5     129  123456     0.0
SPC            5     130  123456     0.0
SPC            5     131  123456     0.0
SPC            5     132  123456     0.0
SPC            6       1  123456     0.0
SPC            6       2  123456     0.0
SPC            6       3  123456     0.0
SPC            6     121  123456     0.0
SPC            6     124  123456     0.0
SPC            6     132  123456     0.0
SPC            7       1  123456     0.0
SPC            7       2  123456     0.0
SPC            7       3  123456     0.0
SPC            7     121  123456     0.0
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SPC            7     124  123456     0.0
SPC            7     132  123456     0.0
SPC            8      10  123456     0.0
SPC            8      11  123456     0.0
SPC            8      12  123456     0.0
SPC            8     127  123456     0.0
SPC            8     128  123456     0.0
SPC            8     130  123456     0.0
SPC            9      10  123456     0.0
SPC            9      11  123456     0.0
SPC            9      12  123456     0.0
SPC            9     127  123456     0.0
SPC            9     128  123456     0.0
SPC            9     130  123456     0.0
SPC           10       1  123456     0.0
SPC           10       3  123456     0.0
SPC           10       4  123456     0.0
SPC           10       6  123456     0.0
SPC           10       7  123456     0.0
SPC           10       9  123456     0.0
SPC           10      10  123456     0.0
SPC           10      12  123456     0.0
$Translation in the x- direction not allowed to keep plane the tip of the beam
SPC           10     123       1     0.0
SPC           10     124       1     0.0
SPC           10     126       1     0.0
SPC           10     128       1     0.0
SPC           10     129       1     0.0
SPC           10     130       1     0.0
SPC           10     131       1     0.0
SPC           10     132       1     0.0
SPC           11       1  123456     0.0
SPC           11       2  123456     0.0
SPC           11       3  123456     0.0
SPC           11      10  123456     0.0
SPC           11      11  123456     0.0
SPC           11      12  123456     0.0
$Translation in the x- direction not allowed to keep plane the tip of the beam
SPC           11     121       1     0.0
SPC           11     124       1     0.0
SPC           11     127       1     0.0
SPC           11     128       1     0.0
SPC           11     130       1     0.0
SPC           11     132       1     0.0
PLOAD4         4     110-5.00000
PLOAD4         5     125-5.00000
PLOAD4         6     195-5.00000
PLOAD4         7     180-5.00000
PLOAD4         8     135-5.00000
PLOAD4         8     145-5.00000
PLOAD4         9     140-5.00000
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PLOAD4         9     150-5.00000
PLOAD4        10     160-5.00000
PLOAD4        10     170-5.00000
PLOAD4        11     155-5.00000
PLOAD4        11     165-5.00000
FORCE         12     123        20.00000    0.0     0.0 -1.00000
FORCE         12     124        20.00000    0.0     0.0 -1.00000
FORCE         12     126        20.00000    0.0     0.0 -1.00000
FORCE         12     128        20.00000    0.0     0.0 -1.00000
FORCE         13     121        20.00000    0.0 1.000000    0.0
FORCE         13     124        20.00000    0.0 1.000000    0.0
FORCE         13     132        20.00000    0.0 1.000000    0.0
FORCE         14     127        20.00000    0.0 -1.00000    0.0
FORCE         14     128        20.00000    0.0 -1.00000    0.0
FORCE         14     130        20.00000    0.0 -1.00000    0.0
FORCE         15     129        20.00000    0.0     0.0 1.000000
FORCE         15     130        20.00000    0.0     0.0 1.000000
FORCE         15     131        20.00000    0.0     0.0 1.000000
FORCE         15     132        20.00000    0.0     0.0 1.000000
ENDDATA
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2.62.2 Output

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2004           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.5

                             BUILD CODE 200403191001     

     PROJECT NAME: D062                
     RUN STARTED:  May 26, 2004 10:53
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:           40000000

     LICENSED TO: Vanderplaats R&D, Inc.                                      
     LICENSE EXPIRES: Dec 31, 2020

1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    1
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    138
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        100
                   NUMBER OF CHEXA ELEMENTS:                  60
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       160
                   NUMBER OF ELEMENT PROPERTIES:               9
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                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             726

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                  13
                  TOTAL NUMBER OF LOAD CASES:                   13
 
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    2
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    3
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.794600E-01
                    SYSTEM VOLUME            6.100000E+07
                    SYSTEM MASS/VOLUME       7.860000E-09
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    4
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+03  3.000E+02  2.000E+02  3.000E+05  6.000E+04  2.000E+05  6.000E+07

1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    5
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  0.000000E+00 ; STRAIN ENERGY :  0.000000E+00
 LOADCASE        5 ; RESIDUAL :  1.174369E-14 ; STRAIN ENERGY :  2.075620E+02
 LOADCASE        6 ; RESIDUAL :  3.859454E-15 ; STRAIN ENERGY :  2.075620E+02
 LOADCASE        7 ; RESIDUAL :  1.650474E-14 ; STRAIN ENERGY :  2.075620E+02
 LOADCASE        8 ; RESIDUAL :  3.260123E-14 ; STRAIN ENERGY :  2.075620E+02
 LOADCASE        9 ; RESIDUAL :  8.908818E-15 ; STRAIN ENERGY :  6.294036E+02
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 LOADCASE       10 ; RESIDUAL :  5.775732E-15 ; STRAIN ENERGY :  6.294036E+02
 LOADCASE       11 ; RESIDUAL :  8.616275E-15 ; STRAIN ENERGY :  6.294036E+02
 LOADCASE       12 ; RESIDUAL :  3.392423E-15 ; STRAIN ENERGY :  6.294036E+02
 LOADCASE       13 ; RESIDUAL :  2.121201E-13 ; STRAIN ENERGY :  6.730779E-03
 LOADCASE       14 ; RESIDUAL : -4.225858E-14 ; STRAIN ENERGY :  2.256181E-03
 LOADCASE       15 ; RESIDUAL : -3.965147E-14 ; STRAIN ENERGY :  2.256181E-03
 LOADCASE       16 ; RESIDUAL :  2.483192E-13 ; STRAIN ENERGY :  6.730779E-03
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:53  PAGE    6
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION VEC
                                                                         

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
       5  0.0000E+00  0.0000E+00 -5.0000E+04 -7.5000E+06  1.2500E+07  0.0000E+00
       6  0.0000E+00  0.0000E+00 -5.0000E+04 -7.5000E+06  3.7500E+07  0.0000E+00
       7  0.0000E+00  0.0000E+00  5.0000E+04  7.5000E+06 -1.2500E+07  0.0000E+00
       8  0.0000E+00  0.0000E+00  5.0000E+04  7.5000E+06 -3.7500E+07  0.0000E+00
       9  0.0000E+00  1.0000E+05  0.0000E+00 -1.0000E+07  0.0000E+00  2.5000E+07
      10  0.0000E+00  1.0000E+05  0.0000E+00 -1.0000E+07  0.0000E+00  7.5000E+07
      11  0.0000E+00 -1.0000E+05  0.0000E+00  1.0000E+07  0.0000E+00 -2.5000E+07
      12  0.0000E+00 -1.0000E+05  0.0000E+00  1.0000E+07  0.0000E+00 -7.5000E+07
      13  0.0000E+00  0.0000E+00 -8.0000E+01 -1.2000E+04  8.0000E+04  0.0000E+00
      14  0.0000E+00  6.0000E+01  0.0000E+00 -6.0000E+03  0.0000E+00  6.0000E+04
      15  0.0000E+00 -6.0000E+01  0.0000E+00  6.0000E+03  0.0000E+00 -6.0000E+04
      16  0.0000E+00  0.0000E+00  8.0000E+01  1.2000E+04 -8.0000E+04  0.0000E+00
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                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
       5  3.4073E-10 -3.9135E-11  5.0000E+04  7.5000E+06 -1.2500E+07 -7.1434E-08
       6 -3.2045E-12 -1.5211E-10  5.0000E+04  7.5000E+06 -3.7500E+07 -8.2143E-08
       7  8.0036E-11  2.3738E-10 -5.0000E+04 -7.5000E+06  1.2500E+07  3.6787E-08
       8 -1.6644E-10  1.4143E-10 -5.0000E+04 -7.5000E+06  3.7500E+07  1.1036E-07
       9 -4.0018E-11 -1.0000E+05  1.8599E-10  1.0000E+07 -6.6590E-08 -2.5000E+07
      10 -3.1832E-10 -1.0000E+05  4.7294E-11  1.0000E+07 -5.7742E-08 -7.5000E+07
      11  3.2830E-10  1.0000E+05 -1.0110E-10 -1.0000E+07  7.6608E-08  2.5000E+07
      12 -2.1365E-10  1.0000E+05 -6.8362E-11 -1.0000E+07 -3.4222E-08  7.5000E+07
      13  2.0037E-12 -1.0563E-12  8.0000E+01  1.2000E+04 -8.0000E+04 -8.2889E-10
      14  3.9080E-14 -6.0000E+01  3.9091E-13  6.0000E+03 -1.3864E-10 -6.0000E+04
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      15 -2.4869E-14  6.0000E+01  1.4449E-13 -6.0000E+03 -2.9623E-10  6.0000E+04
      16 -5.3291E-13  9.7242E-14 -8.0000E+01 -1.2000E+04  8.0000E+04 -1.4946E-10
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1              0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
       5       27     1.2500E+04  0.0000E+00  0.0000E+00 -1.2500E+04
       6       87     1.2500E+04  0.0000E+00  0.0000E+00 -1.2500E+04
       7       33     1.2500E+04  0.0000E+00  0.0000E+00  1.2500E+04
       8       93     1.2500E+04  0.0000E+00  0.0000E+00  1.2500E+04
       9       25     2.5000E+04  0.0000E+00  2.5000E+04  0.0000E+00
      10       85     2.5000E+04  0.0000E+00  2.5000E+04  0.0000E+00
      11       31     2.5000E+04  0.0000E+00 -2.5000E+04  0.0000E+00
      12       91     2.5000E+04  0.0000E+00 -2.5000E+04  0.0000E+00
      13      123     2.0000E+01  0.0000E+00  0.0000E+00 -2.0000E+01
      14      121     2.0000E+01  0.0000E+00  2.0000E+01  0.0000E+00
      15      127     2.0000E+01  0.0000E+00 -2.0000E+01  0.0000E+00
      16      129     2.0000E+01  0.0000E+00  0.0000E+00  2.0000E+01
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1              0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
       5        6     1.6354E+04 -1.0838E+04 -4.6286E+02  1.2238E+04
       6      126     1.6354E+04  1.0838E+04  4.6286E+02  1.2238E+04
       7        7     1.6354E+04 -1.0838E+04  4.6286E+02 -1.2238E+04
       8      129     1.6354E+04  1.0838E+04  4.6286E+02 -1.2238E+04
       9        2     4.2205E+04 -2.1677E+04 -3.6213E+04  7.2760E-12
      10      121     4.2205E+04  2.1677E+04 -3.6213E+04  7.7307E-12
      11       11     4.2205E+04 -2.1677E+04  3.6213E+04 -8.1855E-12
      12      127     4.2205E+04  2.1677E+04  3.6213E+04  3.1832E-12
      13        4     6.8132E+01  6.6275E+01  3.6444E+00  1.5372E+01
      14       11     5.2701E+01  5.0219E+01 -1.5982E+01 -1.5454E-13
      15        2     5.2701E+01  5.0219E+01  1.5982E+01 -2.6645E-13
      16        9     6.8132E+01  6.6275E+01 -3.6444E+00 -1.5372E+01
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1              0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00
       5       55     9.2097E-03 -1.0666E-03 -9.0010E-05 -9.1473E-03
       6       79     9.2097E-03  1.0666E-03 -9.0010E-05 -9.1473E-03
       7       55     9.2097E-03 -1.0666E-03 -9.0010E-05  9.1473E-03
       8       79     9.2097E-03  1.0666E-03 -9.0010E-05  9.1473E-03
       9       48     1.3619E-02 -1.1360E-03  1.3545E-02 -8.5002E-04
      10       96     1.3619E-02  1.1360E-03  1.3545E-02 -8.5002E-04
      11       44     1.3619E-02 -1.1360E-03 -1.3545E-02  8.5002E-04
      12       92     1.3619E-02  1.1360E-03 -1.3545E-02  8.5002E-04
      13      128     1.7135E-04  0.0000E+00  5.6781E-06 -1.7125E-04
      14      132     7.6692E-05  0.0000E+00  7.6632E-05 -3.0372E-06
      15      130     7.6692E-05  0.0000E+00 -7.6632E-05 -3.0372E-06
      16      130     1.7135E-04  0.0000E+00  5.6781E-06  1.7125E-04
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1                            ***** END OF OUTPUT *****
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2.63 Shape Optimization of a Solid Cantilever Beam using 
Natural Perturbation Vectors

Example ID:
D063

Design Data Used:
 DVAR, DRESP1, DRESPG, DCONS, DOBJ

Special Feature Used:
Uses natural perturbation vectors to perform shape optimization.

Problem Statement:
Minimize the mass of a cantilivered beam subject to three loadcases consisting of tip shear, tip 
moment and end torque. 

Design problem:
Mininize mass; 12 shape design variables; 1 stress constraint; 2 geometric constraints; 1 fre-
quency constraint

Design Data Relationships: 

Note:
The natural perturbation vectors used in this problem were created in D062. In D062 loads and 
boundary conditions were used to produce displacements usable as perturbation vectors for this 
problem.

DVGRIDCDVAR

DRESP1

DRESPG                         DCONS                           

DOBJ, DCONS
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Results:
The mass is reduced by 45 %..

OPTIMIZED SHAPE

Note:
This problem is also solved using two alternative methods, the DOMAIN method and with topog-
raphy optimization. See examples D061 and D064 for more details.
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2.63.1 Input Data
ID D063
POST=PUNCH
$DIAG=84
CEND
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$ GENESIS DATA FILE WRITTEN BY:  FEMB/GENESIS        $
$   Oct 29, 1996    16:31:15         VERSION 26      $
$ VIEWING INFORMATION                                $
$ -.209868E+020.860459E+03-.367091E+030.386282E+03   $
$ 0.571416E+000.811352E+000.123254E+00               $
$ -.168567E+00-.309415E-010.985205E+00               $
$ 0.803120E+00-.583803E+000.119049E+00               $
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
TITLE=SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING NATURAL PERTURBATION 
VECTORS                             
ECHO = NONE
LINE = *,80
PERTURBATION = POST
SHAPE=POST
APRINT=last
$ NODE SET
SET    3 =       4                                                              
LOADCASE        1
   LABEL=                                                            
   SPC  =       1
   LOAD =       1
   stress=post
   disp=post
LOADCASE        2
   LABEL=                                                            
   SPC  =       1
   LOAD =       2
   stress=post
   disp=post
LOADCASE        3
   LABEL=                                                            
   SPC  =       1
   LOAD =       3
   stress=post
   disp=post
LOADCASE        4
   LABEL= MODES                                                      
   SPC  =       1
   METHOD = 1
   SVECTOR = POST,3
BEGIN BULK
include  'D062.DVS'
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$  --- DESIGN DATA ---
EIGR    1       SUB                             5       MAX0
DOPT          50
+          BASIS       0                                                        
$
DRESP1         1MISES   GSTRESS                        7       1       2       3
+              4       5       6       7       8       9      10      11      12
+             13      14      15      16      17      18      19      20      21
+             22      23      24      25      26      27      28      29      30
+             31      32      33      34      35      36      37      38      39
+             40      41      42      43      44      45      46      47      48
+             49      50      51      52      53      54      55      56      57
+             58      59      60      61      62      63      64      65      66
+             67      68      69      70      71      72      73      74      75
+             76      77      78      79      80      81      82      83      84
+             85      86      87      88      89      90      91      92      93
+             94      95      96      97      98      99     100     101     102
+            103     104     105     106     107     108     109     110     111
+            112     113     114     115     116     117     118     119     120
+            121     122     123     124     125     126     127     128     129
+            130     131     132
DCONS          1        -.10E+310.26E+03
DRESP1        10MASS    MASS
DRESPG        21TIP-Y   LENGTH                               132     130
DCONS         21        0.10E+020.10E+31
DRESPG        22TIP-Z   LENGTH                               132     124
DCONS         22        0.10E+020.10E+31
DRESP1       100FREQ3   FREQ           4
DCONS        100        0.70E+030.10E+31
$
DOBJ          10MASS    
$
$  --- ANALYSIS DATA ---
PARAM,MSMOOTH,ON
PSOLID         3       1                                                SOLID1  
CHEXA          7       3      13      16      15      14       2       3+H000007
+H000007       6       5
CHEXA          8       3      14      15      18      17       5       6+H000008
+H000008       9       8
CHEXA          9       3      17      18      20      19       8       9+H000009
+H000009      12      11
CHEXA         10       3      21      17      19      22       7       8+H000010
+H000010      11      10
CHEXA         11       3      23      14      17      21       4       5+H000011
+H000011       8       7
CHEXA         12       3      24      13      14      23       1       2+H000012
+H000012       5       4
CHEXA         13       3      25      28      27      26      13      16+H000013
+H000013      15      14
CHEXA         14       3      26      27      30      29      14      15+H000014
+H000014      18      17
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CHEXA         15       3      29      30      32      31      17      18+H000015
+H000015      20      19
CHEXA         16       3      33      29      31      34      21      17+H000016
+H000016      19      22
CHEXA         17       3      35      26      29      33      23      14+H000017
+H000017      17      21
CHEXA         18       3      36      25      26      35      24      13+H000018
+H000018      14      23
CHEXA         19       3      37      40      39      38      25      28+H000019
+H000019      27      26
CHEXA         20       3      38      39      42      41      26      27+H000020
+H000020      30      29
CHEXA         21       3      41      42      44      43      29      30+H000021
+H000021      32      31
CHEXA         22       3      45      41      43      46      33      29+H000022
+H000022      31      34
CHEXA         23       3      47      38      41      45      35      26+H000023
+H000023      29      33
CHEXA         24       3      48      37      38      47      36      25+H000024
+H000024      26      35
CHEXA         25       3      49      52      51      50      37      40+H000025
+H000025      39      38
CHEXA         26       3      50      51      54      53      38      39+H000026
+H000026      42      41
CHEXA         27       3      53      54      56      55      41      42+H000027
+H000027      44      43
CHEXA         28       3      57      53      55      58      45      41+H000028
+H000028      43      46
CHEXA         29       3      59      50      53      57      47      38+H000029
+H000029      41      45
CHEXA         30       3      60      49      50      59      48      37+H000030
+H000030      38      47
CHEXA         31       3      61      64      63      62      49      52+H000031
+H000031      51      50
CHEXA         32       3      62      63      66      65      50      51+H000032
+H000032      54      53
CHEXA         33       3      65      66      68      67      53      54+H000033
+H000033      56      55
CHEXA         34       3      69      65      67      70      57      53+H000034
+H000034      55      58
CHEXA         35       3      71      62      65      69      59      50+H000035
+H000035      53      57
CHEXA         36       3      72      61      62      71      60      49+H000036
+H000036      50      59
CHEXA         37       3      73      76      75      74      61      64+H000037
+H000037      63      62
CHEXA         38       3      74      75      78      77      62      63+H000038
+H000038      66      65
CHEXA         39       3      77      78      80      79      65      66+H000039
+H000039      68      67
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CHEXA         40       3      81      77      79      82      69      65+H000040
+H000040      67      70
CHEXA         41       3      83      74      77      81      71      62+H000041
+H000041      65      69
CHEXA         42       3      84      73      74      83      72      61+H000042
+H000042      62      71
CHEXA         43       3      85      88      87      86      73      76+H000043
+H000043      75      74
CHEXA         44       3      86      87      90      89      74      75+H000044
+H000044      78      77
CHEXA         45       3      89      90      92      91      77      78+H000045
+H000045      80      79
CHEXA         46       3      93      89      91      94      81      77+H000046
+H000046      79      82
CHEXA         47       3      95      86      89      93      83      74+H000047
+H000047      77      81
CHEXA         48       3      96      85      86      95      84      73+H000048
+H000048      74      83
CHEXA         49       3      97     100      99      98      85      88+H000049
+H000049      87      86
CHEXA         50       3      98      99     102     101      86      87+H000050
+H000050      90      89
CHEXA         51       3     101     102     104     103      89      90+H000051
+H000051      92      91
CHEXA         52       3     105     101     103     106      93      89+H000052
+H000052      91      94
CHEXA         53       3     107      98     101     105      95      86+H000053
+H000053      89      93
CHEXA         54       3     108      97      98     107      96      85+H000054
+H000054      86      95
CHEXA         55       3     109     112     111     110      97     100+H000055
+H000055      99      98
CHEXA         56       3     110     111     114     113      98      99+H000056
+H000056     102     101
CHEXA         57       3     113     114     116     115     101     102+H000057
+H000057     104     103
CHEXA         58       3     117     113     115     118     105     101+H000058
+H000058     103     106
CHEXA         59       3     119     110     113     117     107      98+H000059
+H000059     101     105
CHEXA         60       3     120     109     110     119     108      97+H000060
+H000060      98     107
CHEXA         61       3     121     124     123     122     109     112+H000061
+H000061     111     110
CHEXA         62       3     122     123     126     125     110     111+H000062
+H000062     114     113
CHEXA         63       3     125     126     128     127     113     114+H000063
+H000063     116     115
CHEXA         64       3     129     125     127     130     117     113+H000064
+H000064     115     118
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CHEXA         65       3     131     122     125     129     119     110+H000065
+H000065     113     117
CHEXA         66       3     132     121     122     131     120     109+H000066
+H000066     110     119
RBE2          67     125  123456     128     126     133     123     124+RB00001
+RB00001     127                                                        RBE     
RBE2         101     125  123456     130     129     134     131     132+RB00002
+RB00002     121                                                        RBE     
RBE2         102     125  123456     122                                RBE     
MAT1           1.207E+06        .320E+00.786E-08.000E+00.000E+00.000E+00MATER1  
GRID           1           0.000   0.000   0.000
GRID           2           0.000   0.000 100.000
GRID           3           0.000   0.000 200.000
GRID           4           0.000 100.000   0.000
GRID           5           0.000 100.000 100.000
GRID           6           0.000 100.000 200.000
GRID           7           0.000 200.000   0.000
GRID           8           0.000 200.000 100.000
GRID           9           0.000 200.000 200.000
GRID          10           0.000 300.000   0.000
GRID          11           0.000 300.000 100.000
GRID          12           0.000 300.000 200.000
GRID          13         100.000   0.000 100.000
GRID          14         100.000 100.000 100.000
GRID          15         100.000 100.000 200.000
GRID          16         100.000   0.000 200.000
GRID          17         100.000 200.000 100.000
GRID          18         100.000 200.000 200.000
GRID          19         100.000 300.000 100.000
GRID          20         100.000 300.000 200.000
GRID          21         100.000 200.000   0.000
GRID          22         100.000 300.000   0.000
GRID          23         100.000 100.000   0.000
GRID          24         100.000   0.000   0.000
GRID          25         200.000   0.000 100.000
GRID          26         200.000 100.000 100.000
GRID          27         200.000 100.000 200.000
GRID          28         200.000   0.000 200.000
GRID          29         200.000 200.000 100.000
GRID          30         200.000 200.000 200.000
GRID          31         200.000 300.000 100.000
GRID          32         200.000 300.000 200.000
GRID          33         200.000 200.000   0.000
GRID          34         200.000 300.000   0.000
GRID          35         200.000 100.000   0.000
GRID          36         200.000   0.000   0.000
GRID          37         300.000   0.000 100.000
GRID          38         300.000 100.000 100.000
GRID          39         300.000 100.000 200.000
GRID          40         300.000   0.000 200.000
GRID          41         300.000 200.000 100.000
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GRID          42         300.000 200.000 200.000
GRID          43         300.000 300.000 100.000
GRID          44         300.000 300.000 200.000
GRID          45         300.000 200.000   0.000
GRID          46         300.000 300.000   0.000
GRID          47         300.000 100.000   0.000
GRID          48         300.000   0.000   0.000
GRID          49         400.000   0.000 100.000
GRID          50         400.000 100.000 100.000
GRID          51         400.000 100.000 200.000
GRID          52         400.000   0.000 200.000
GRID          53         400.000 200.000 100.000
GRID          54         400.000 200.000 200.000
GRID          55         400.000 300.000 100.000
GRID          56         400.000 300.000 200.000
GRID          57         400.000 200.000   0.000
GRID          58         400.000 300.000   0.000
GRID          59         400.000 100.000   0.000
GRID          60         400.000   0.000   0.000
GRID          61         500.000   0.000 100.000
GRID          62         500.000 100.000 100.000
GRID          63         500.000 100.000 200.000
GRID          64         500.000   0.000 200.000
GRID          65         500.000 200.000 100.000
GRID          66         500.000 200.000 200.000
GRID          67         500.000 300.000 100.000
GRID          68         500.000 300.000 200.000
GRID          69         500.000 200.000   0.000
GRID          70         500.000 300.000   0.000
GRID          71         500.000 100.000   0.000
GRID          72         500.000   0.000   0.000
GRID          73         600.000   0.000 100.000
GRID          74         600.000 100.000 100.000
GRID          75         600.000 100.000 200.000
GRID          76         600.000   0.000 200.000
GRID          77         600.000 200.000 100.000
GRID          78         600.000 200.000 200.000
GRID          79         600.000 300.000 100.000
GRID          80         600.000 300.000 200.000
GRID          81         600.000 200.000   0.000
GRID          82         600.000 300.000   0.000
GRID          83         600.000 100.000   0.000
GRID          84         600.000   0.000   0.000
GRID          85         700.000   0.000 100.000
GRID          86         700.000 100.000 100.000
GRID          87         700.000 100.000 200.000
GRID          88         700.000   0.000 200.000
GRID          89         700.000 200.000 100.000
GRID          90         700.000 200.000 200.000
GRID          91         700.000 300.000 100.000
GRID          92         700.000 300.000 200.000
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GRID          93         700.000 200.000   0.000
GRID          94         700.000 300.000   0.000
GRID          95         700.000 100.000   0.000
GRID          96         700.000   0.000   0.000
GRID          97         800.000   0.000 100.000
GRID          98         800.000 100.000 100.000
GRID          99         800.000 100.000 200.000
GRID         100         800.000   0.000 200.000
GRID         101         800.000 200.000 100.000
GRID         102         800.000 200.000 200.000
GRID         103         800.000 300.000 100.000
GRID         104         800.000 300.000 200.000
GRID         105         800.000 200.000   0.000
GRID         106         800.000 300.000   0.000
GRID         107         800.000 100.000   0.000
GRID         108         800.000   0.000   0.000
GRID         109         900.000   0.000 100.000
GRID         110         900.000 100.000 100.000
GRID         111         900.000 100.000 200.000
GRID         112         900.000   0.000 200.000
GRID         113         900.000 200.000 100.000
GRID         114         900.000 200.000 200.000
GRID         115         900.000 300.000 100.000
GRID         116         900.000 300.000 200.000
GRID         117         900.000 200.000   0.000
GRID         118         900.000 300.000   0.000
GRID         119         900.000 100.000   0.000
GRID         120         900.000   0.000   0.000
GRID         121        1000.000   0.000 100.000
GRID         122        1000.000 100.000 100.000
GRID         123        1000.000 100.000 200.000
GRID         124        1000.000   0.000 200.000
GRID         125        1000.000 200.000 100.000
GRID         126        1000.000 200.000 200.000
GRID         127        1000.000 300.000 100.000
GRID         128        1000.000 300.000 200.000
GRID         129        1000.000 200.000   0.000
GRID         130        1000.000 300.000   0.000
GRID         131        1000.000 100.000   0.000
GRID         132        1000.000   0.000   0.000
GRID         133        1000.000 150.000 200.000
GRID         134        1000.000 150.000   0.000
GRID         135         250.000   0.000   0.000
GRID         136         250.000   0.000 200.000
GRID         137         250.000 300.000   0.000
GRID         138         250.000 300.000 200.000
GRID         139         750.000   0.000   0.000
GRID         140         750.000   0.000 200.000
GRID         141         750.000 300.000   0.000
GRID         142         750.000 300.000 200.000
$
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SPC            1       1  123456     0.0
SPC            1       2  123456     0.0
SPC            1       3  123456     0.0
SPC            1       4  123456     0.0
SPC            1       5  123456     0.0
SPC            1       6  123456     0.0
SPC            1       7  123456     0.0
SPC            1       8  123456     0.0
SPC            1       9  123456     0.0
SPC            1      10  123456     0.0
SPC            1      11  123456     0.0
SPC            1      12  123456     0.0
FORCE          1     133       0   1.0      0.0 -375000.    0.0
FORCE          1     134       0   1.0      0.0 -375000.    0.0
FORCE          2     133       0   1.0      0.0 -500000.    0.0
FORCE          2     134       0   1.0      0.0 500000.0    0.0
FORCE          3     133       0   1.0  -500000.    0.0     0.0
FORCE          3     134       0   1.0  500000.0    0.0     0.0
ENDDATA
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2.63.2 OUTPUT

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2004           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.5

                             BUILD CODE 200403191001     

     PROJECT NAME: D063                
     RUN STARTED:  May 26, 2004 10:54
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:           40000000

     LICENSED TO: Vanderplaats R&D, Inc.                                      
     LICENSE EXPIRES: Dec 31, 2020

1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:54  PAGE    1
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    142
                   NUMBER OF CHEXA ELEMENTS:                  60
                   TOTAL NUMBER OF NON RIGID ELEMENTS:        60
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                   NUMBER OF RBE2 ELEMENTS:                    3
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             408

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     MASS    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      12
                  TOTAL NUMBER OF DESIGN VARIABLES:            12
                  NUMBER OF SHAPE DESIGN VARIABLES:            12
                  NUMBER OF DIRECT RESPONSES:                 400
                  NUMBER OF POTENTIAL CONSTRAINTS:            798

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    4
 
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:54  PAGE    2
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               

               ********************************************
               *  D E S I G N  C Y C L E     12 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:54  PAGE  195
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.716E-04 FOR TWO DESIGN CYCLES.
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1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 10:54  PAGE  196
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM                               
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.7160E-01         0.0%
    1     3.7882E-01         0.1%
    2     3.2520E-01         0.0%
    3     2.8213E-01        19.7%
    4     2.8505E-01         2.2%
    5     2.7952E-01         0.0%
    6     2.7268E-01         0.1%
    7     2.6391E-01         1.0%
    8     2.6566E-01         0.0%
    9     2.6140E-01         0.1%
   10     2.5998E-01         0.0%
   11     2.6029E-01         0.0%
   12     2.6029E-01         0.0%
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2.64 Shape Optimization of a Solid Cantilever Beam using 
TOPOGRAPHY Optimization

Example ID:
D064         

Design Data Used:
DTGRID, DRESP1, DRESPG, DOBJ, DCONS, DOPT 

Special Feature Used:
DTGRID data to automatically create shape design data. 

Problem Statement:
Minimize the mass of a cantilivered beam subject to three loadcases consisting of tip shear, tip 
moment and end torque. 

Design Problem:
Minimize Mass.

1. 4 topography region (4 DTGRID data entry) 
2. 140 independent design variables (automatically created by DTGRID Data)
3. 140 perturbation vectors  (automatically created by DTGRID Data)
4. 1 stress constraint
5. 2 geometric constraint
6. 1 frequency constraint

Note
Topography optimization is normally used to design shell or composite elements. It is not nor-
mally used to design solids. Here we show that topography optimization can be used to design 
solid. The trick is to create a thin skin made of shells on the solid elements we want to design and 
use mesh smoothing to move the interior grids to avoid distortions. The added skin is thin so it 
does not affect the stiffness of the model (the skin could also reference a MAT1 with low Young’s 
modulus).
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Design Data Relationships:

Results: 
The mass is reduced by 47 %
.

OPTIMIZED SHAPE

Note:
This problem is also solved using two alternative methods, the DOMAIN method and with natural 
perturbation vectors method. See examples D061 and D063 for more details. All three methods 
give similar final mass.

Example Method used Final mass

D061.dat DOMAIN 2.4973E-01

D063.dat  Natural Perturbation Vectors 2.6029E-01

D064.dat Topography Optimization on Solid 2.4805E-01

 
DOPT 
DTGRID 
DRESP1  DOBJ  
DRESP1  DCONS   
DRESPG  DCONS    
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2.64.1 INPUT DATA
ID D064
POST=PUNCH
CEND
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
$ GENESIS DATA FILE WRITTEN BY:  ETA/FEMB            $
$   May 21, 2004    11:27:19         VERSION 27      $
$ VIEWING INFORMATION                                $
$ -.229807E+020.942211E+03-.384176E+030.309895E+03   $
$ 0.707100E+000.707100E+000.000000E+00               $
$ -.353550E+000.353550E+000.866020E+00               $
$ 0.612370E+00-.612370E+000.500000E+00               $
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
TITLE=SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING TOPOGRAPHY                             
ECHO = NONE
SHAPE=post
APRINT=last
LINE = *,80
$ NODE SET
SET    3 =       4   
$ NODE SET
SET  100 =      64,      63,      66,      68,       3,       6,       9,       
                12                                                              
$ NODE SET
SET  110 =      64,      61,      72,       1,       2,      3                          
$ NODE SET
SET  120 =      72,      71,      69,      70,       4,       7,      10,1       
$ NODE SET
SET  130 =      68,      67,      70,      11,    10,     12                             
$ NODE SET
SET    1 =       1,       2,       3                                           
$ NODE SET
SET    2 =       3,       6,       9,      12                                  
$ NODE SET
SET    4 =      12,      11,      10                                           
$ NODE SET
SET    5 =      10,       7,       4,       1                 
                 
      
LOADCASE        1
   LABEL=                                                            
   SPC  =       1
   LOAD =       1
   stress=post
   disp=post
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LOADCASE        2
   LABEL=                                                            
   SPC  =       1
   LOAD =       2
   stress=post
   disp=post
LOADCASE        3
   LABEL=                                                            
   SPC  =       1
   LOAD =       3
   stress=post
   disp=post
LOADCASE        4
   LABEL= MODES                                                      
   SPC  =       1
   METHOD = 1
   SVECTOR = POST,3
                                                           
BEGIN BULK
$  --- DESIGN DATA ---
ECHOON
DOPT         100
+          BASIS       0
ECHOOFF
$
$
$
$
DRESP1         1MISES   GSTRESS                        7       1       2       3
+              4       5       6       7       8       9      10      11      12
+             13      14      15      16      17      18      19      20      21
+             22      23      24      25      26      27      28      29      30
+             31      32      33      34      35      36      37      38      39
+             40      41      42      43      44      45      46      47      48
+             49      50      51      52      53      54      55      56      57
+             58      59      60      61      62      63      64      65      66
+             67      68      69      70      71      72      73      74      75
+             76      77      78      79      80      81      82      83      84
+             85      86      87      88      89      90      91      92      93
+             94      95      96      97      98      99     100     101     102
+            103     104     105     106     107     108     109     110     111
+            112     113     114     115     116     117     118     119     120
+            121     122     123     124     125     126     127     128     129
+            130     131     132
DCONS          1        -.10E+310.26E+03
DRESP1        10MASS    MASS
DRESPG        21TIP-Y   LENGTH                               132     130
DCONS         21        0.10E+020.10E+31
DRESPG        22TIP-Z   LENGTH                               132     124
DCONS         22        0.10E+020.10E+31
$
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DRESP1       100FREQ3   FREQ           4
DCONS        100        0.70E+030.10E+31
$
DOBJ          10MASS    
$
$  --- ANALYSIS DATA ---
$
PARAM,MSMOOTH,ON
EIGR           1LAN                                    5MAX0
$
DTGRID  1       top     PSHELL  44      EDGE
+       SHAPE   LINE    50.0
+       NDGSET  2
DTGRID  3       bot     PSHELL  46      EDGE
+       SHAPE   LINE    50.0
+       NDGSET  5
DTGRID  5       left    PSHELL  48      EDGE
+       SHAPE   LINE    50.0
+       NDGSET  1
DTGRID7       right   PSHELL  50      EDGE
+       SHAPE   LINE    50.0
+       NDGSET  4

PSOLID         3       1                                                SOLID1  
PSHELL        44       21.000000       2               2                TOP
PSHELL        46       21.000000       2               2                BOT
PSHELL        48       21.000000       2               2                LEFT
PSHELL        50       21.000000       2               2                RIGHT
CHEXA          7       3      13      16      15      14       2       3+H000007
+H000007       6       5
CHEXA          8       3      14      15      18      17       5       6+H000008
+H000008       9       8
CHEXA          9       3      17      18      20      19       8       9+H000009
+H000009      12      11
CHEXA         10       3      21      17      19      22       7       8+H000010
+H000010      11      10
CHEXA         11       3      23      14      17      21       4       5+H000011
+H000011       8       7
CHEXA         12       3      24      13      14      23       1       2+H000012
+H000012       5       4
CHEXA         13       3      25      28      27      26      13      16+H000013
+H000013      15      14
CHEXA         14       3      26      27      30      29      14      15+H000014
+H000014      18      17
CHEXA         15       3      29      30      32      31      17      18+H000015
+H000015      20      19
CHEXA         16       3      33      29      31      34      21      17+H000016
+H000016      19      22
CHEXA         17       3      35      26      29      33      23      14+H000017
+H000017      17      21
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CHEXA         18       3      36      25      26      35      24      13+H000018
+H000018      14      23
CHEXA         19       3      37      40      39      38      25      28+H000019
+H000019      27      26
CHEXA         20       3      38      39      42      41      26      27+H000020
+H000020      30      29
CHEXA         21       3      41      42      44      43      29      30+H000021
+H000021      32      31
CHEXA         22       3      45      41      43      46      33      29+H000022
+H000022      31      34
CHEXA         23       3      47      38      41      45      35      26+H000023
+H000023      29      33
CHEXA         24       3      48      37      38      47      36      25+H000024
+H000024      26      35
CHEXA         25       3      49      52      51      50      37      40+H000025
+H000025      39      38
CHEXA         26       3      50      51      54      53      38      39+H000026
+H000026      42      41
CHEXA         27       3      53      54      56      55      41      42+H000027
+H000027      44      43
CHEXA         28       3      57      53      55      58      45      41+H000028
+H000028      43      46
CHEXA         29       3      59      50      53      57      47      38+H000029
+H000029      41      45
CHEXA         30       3      60      49      50      59      48      37+H000030
+H000030      38      47
CHEXA         31       3      61      64      63      62      49      52+H000031
+H000031      51      50
CHEXA         32       3      62      63      66      65      50      51+H000032
+H000032      54      53
CHEXA         33       3      65      66      68      67      53      54+H000033
+H000033      56      55
CHEXA         34       3      69      65      67      70      57      53+H000034
+H000034      55      58
CHEXA         35       3      71      62      65      69      59      50+H000035
+H000035      53      57
CHEXA         36       3      72      61      62      71      60      49+H000036
+H000036      50      59
CHEXA         37       3      73      76      75      74      61      64+H000037
+H000037      63      62
CHEXA         38       3      74      75      78      77      62      63+H000038
+H000038      66      65
CHEXA         39       3      77      78      80      79      65      66+H000039
+H000039      68      67
CHEXA         40       3      81      77      79      82      69      65+H000040
+H000040      67      70
CHEXA         41       3      83      74      77      81      71      62+H000041
+H000041      65      69
CHEXA         42       3      84      73      74      83      72      61+H000042
+H000042      62      71
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CHEXA         43       3      85      88      87      86      73      76+H000043
+H000043      75      74
CHEXA         44       3      86      87      90      89      74      75+H000044
+H000044      78      77
CHEXA         45       3      89      90      92      91      77      78+H000045
+H000045      80      79
CHEXA         46       3      93      89      91      94      81      77+H000046
+H000046      79      82
CHEXA         47       3      95      86      89      93      83      74+H000047
+H000047      77      81
CHEXA         48       3      96      85      86      95      84      73+H000048
+H000048      74      83
CHEXA         49       3      97     100      99      98      85      88+H000049
+H000049      87      86
CHEXA         50       3      98      99     102     101      86      87+H000050
+H000050      90      89
CHEXA         51       3     101     102     104     103      89      90+H000051
+H000051      92      91
CHEXA         52       3     105     101     103     106      93      89+H000052
+H000052      91      94
CHEXA         53       3     107      98     101     105      95      86+H000053
+H000053      89      93
CHEXA         54       3     108      97      98     107      96      85+H000054
+H000054      86      95
CHEXA         55       3     109     112     111     110      97     100+H000055
+H000055      99      98
CHEXA         56       3     110     111     114     113      98      99+H000056
+H000056     102     101
CHEXA         57       3     113     114     116     115     101     102+H000057
+H000057     104     103
CHEXA         58       3     117     113     115     118     105     101+H000058
+H000058     103     106
CHEXA         59       3     119     110     113     117     107      98+H000059
+H000059     101     105
CHEXA         60       3     120     109     110     119     108      97+H000060
+H000060      98     107
CHEXA         61       3     121     124     123     122     109     112+H000061
+H000061     111     110
CHEXA         62       3     122     123     126     125     110     111+H000062
+H000062     114     113
CHEXA         63       3     125     126     128     127     113     114+H000063
+H000063     116     115
CHEXA         64       3     129     125     127     130     117     113+H000064
+H000064     115     118
CHEXA         65       3     131     122     125     129     119     110+H000065
+H000065     113     117
CHEXA         66       3     132     121     122     131     120     109+H000066
+H000066     110     119
CQUAD4       103      44       3      16      15       6
CQUAD4       104      44       6      15      18       9
CQUAD4       105      44       9      18      20      12
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CQUAD4       106      44      16      28      27      15
CQUAD4       107      44      15      27      30      18
CQUAD4       108      44      18      30      32      20
CQUAD4       109      44      28      40      39      27
CQUAD4       110      44      27      39      42      30
CQUAD4       111      44      30      42      44      32
CQUAD4       112      44      40      52      51      39
CQUAD4       113      44      39      51      54      42
CQUAD4       114      44      42      54      56      44
CQUAD4       115      44      52      64      63      51
CQUAD4       116      44      51      63      66      54
CQUAD4       117      44      54      66      68      56
CQUAD4       118      44      64      76      75      63
CQUAD4       119      44      63      75      78      66
CQUAD4       120      44      66      78      80      68
CQUAD4       121      44      76      88      87      75
CQUAD4       122      44      75      87      90      78
CQUAD4       123      44      78      90      92      80
CQUAD4       124      44      88     100      99      87
CQUAD4       125      44      87      99     102      90
CQUAD4       126      44      90     102     104      92
CQUAD4       127      44     100     112     111      99
CQUAD4       128      44      99     111     114     102
CQUAD4       129      44     102     114     116     104
CQUAD4       130      44     112     124     123     111
CQUAD4       131      44     111     123     126     114
CQUAD4       132      44     114     126     128     116
CQUAD4       133      48       3       2      13      16
CQUAD4       134      48      16      13      25      28
CQUAD4       135      48      28      25      37      40
CQUAD4       136      48      40      37      49      52
CQUAD4       137      48      52      49      61      64
CQUAD4       138      48      64      61      73      76
CQUAD4       139      48      76      73      85      88
CQUAD4       140      48      88      85      97     100
CQUAD4       141      48     100      97     109     112
CQUAD4       142      48     112     109     121     124
CQUAD4       143      48       2       1      24      13
CQUAD4       144      48      13      24      36      25
CQUAD4       145      48      25      36      48      37
CQUAD4       146      48      37      48      60      49
CQUAD4       147      48      49      60      72      61
CQUAD4       148      48      61      72      84      73
CQUAD4       149      48      73      84      96      85
CQUAD4       150      48      85      96     108      97
CQUAD4       151      48      97     108     120     109
CQUAD4       152      48     109     120     132     121
CQUAD4       153      50     128     127     115     116
CQUAD4       154      50     116     115     103     104
CQUAD4       155      50     104     103      91      92
CQUAD4       156      50      92      91      79      80
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CQUAD4       157      50      80      79      67      68
CQUAD4       158      50      68      67      55      56
CQUAD4       159      50      56      55      43      44
CQUAD4       160      50      44      43      31      32
CQUAD4       161      50      32      31      19      20
CQUAD4       162      50      20      19      11      12
CQUAD4       163      50     127     130     118     115
CQUAD4       164      50     115     118     106     103
CQUAD4       165      50     103     106      94      91
CQUAD4       166      50      91      94      82      79
CQUAD4       167      50      79      82      70      67
CQUAD4       168      50      67      70      58      55
CQUAD4       169      50      55      58      46      43
CQUAD4       170      50      43      46      34      31
CQUAD4       171      50      31      34      22      19
CQUAD4       172      50      19      22      10      11
CQUAD4       173      46     132     120     119     131
CQUAD4       174      46     131     119     117     129
CQUAD4       175      46     129     117     118     130
CQUAD4       176      46     120     108     107     119
CQUAD4       177      46     119     107     105     117
CQUAD4       178      46     117     105     106     118
CQUAD4       179      46     108      96      95     107
CQUAD4       180      46     107      95      93     105
CQUAD4       181      46     105      93      94     106
CQUAD4       182      46      96      84      83      95
CQUAD4       183      46      95      83      81      93
CQUAD4       184      46      93      81      82      94
CQUAD4       185      46      84      72      71      83
CQUAD4       186      46      83      71      69      81
CQUAD4       187      46      81      69      70      82
CQUAD4       188      46      72      60      59      71
CQUAD4       189      46      71      59      57      69
CQUAD4       190      46      69      57      58      70
CQUAD4       191      46      60      48      47      59
CQUAD4       192      46      59      47      45      57
CQUAD4       193      46      57      45      46      58
CQUAD4       194      46      48      36      35      47
CQUAD4       195      46      47      35      33      45
CQUAD4       196      46      45      33      34      46
CQUAD4       197      46      36      24      23      35
CQUAD4       198      46      35      23      21      33
CQUAD4       199      46      33      21      22      34
CQUAD4       200      46      24       1       4      23
CQUAD4       201      46      23       4       7      21
CQUAD4       202      46      21       7      10      22
RBE2          67     125  123456     128     126     133     123     124
+            127                                                        RBE     
RBE2         101     125  123456     130     129     134     131     132
+            121                                                        RBE     
RBE2         102     125  123456     122                                RBE     
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MAT1           1207000.0        .32000007.86E-09    0.0     0.0     0.0 MATER1
MAT1           2207000.0        .32000007.86E-12    0.0     0.0     0.0 MATER1
GRID           1            0.0     0.0     0.0
GRID           2            0.0     0.0 100.0000
GRID           3            0.0     0.0 200.0000
GRID           4            0.0 100.0000    0.0
GRID           5            0.0 100.0000100.0000
GRID           6            0.0 100.0000200.0000
GRID           7            0.0 200.0000    0.0
GRID           8            0.0 200.0000100.0000
GRID           9            0.0 200.0000200.0000
GRID          10            0.0 300.0000    0.0
GRID          11            0.0 300.0000100.0000
GRID          12            0.0 300.0000200.0000
GRID          13        100.0000    0.0 100.0000
GRID          14        100.0000100.0000100.0000
GRID          15        100.0000100.0000200.0000
GRID          16        100.0000    0.0 200.0000
GRID          17        100.0000200.0000100.0000
GRID          18        100.0000200.0000200.0000
GRID          19        100.0000300.0000100.0000
GRID          20        100.0000300.0000200.0000
GRID          21        100.0000200.0000    0.0
GRID          22        100.0000300.0000    0.0
GRID          23        100.0000100.0000    0.0
GRID          24        100.0000    0.0     0.0
GRID          25        200.0000    0.0 100.0000
GRID          26        200.0000100.0000100.0000
GRID          27        200.0000100.0000200.0000
GRID          28        200.0000    0.0 200.0000
GRID          29        200.0000200.0000100.0000
GRID          30        200.0000200.0000200.0000
GRID          31        200.0000300.0000100.0000
GRID          32        200.0000300.0000200.0000
GRID          33        200.0000200.0000    0.0
GRID          34        200.0000300.0000    0.0
GRID          35        200.0000100.0000    0.0
GRID          36        200.0000    0.0     0.0
GRID          37        300.0000    0.0 100.0000
GRID          38        300.0000100.0000100.0000
GRID          39        300.0000100.0000200.0000
GRID          40        300.0000    0.0 200.0000
GRID          41        300.0000200.0000100.0000
GRID          42        300.0000200.0000200.0000
GRID          43        300.0000300.0000100.0000
GRID          44        300.0000300.0000200.0000
GRID          45        300.0000200.0000    0.0
GRID          46        300.0000300.0000    0.0
GRID          47        300.0000100.0000    0.0
GRID          48        300.0000    0.0     0.0
GRID          49        400.0000    0.0 100.0000
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GRID          50        400.0000100.0000100.0000
GRID          51        400.0000100.0000200.0000
GRID          52        400.0000    0.0 200.0000
GRID          53        400.0000200.0000100.0000
GRID          54        400.0000200.0000200.0000
GRID          55        400.0000300.0000100.0000
GRID          56        400.0000300.0000200.0000
GRID          57        400.0000200.0000    0.0
GRID          58        400.0000300.0000    0.0
GRID          59        400.0000100.0000    0.0
GRID          60        400.0000    0.0     0.0
GRID          61        500.0000    0.0 100.0000
GRID          62        500.0000100.0000100.0000
GRID          63        500.0000100.0000200.0000
GRID          64        500.0000    0.0 200.0000
GRID          65        500.0000200.0000100.0000
GRID          66        500.0000200.0000200.0000
GRID          67        500.0000300.0000100.0000
GRID          68        500.0000300.0000200.0000
GRID          69        500.0000200.0000    0.0
GRID          70        500.0000300.0000    0.0
GRID          71        500.0000100.0000    0.0
GRID          72        500.0000    0.0     0.0
GRID          73        600.0000    0.0 100.0000
GRID          74        600.0000100.0000100.0000
GRID          75        600.0000100.0000200.0000
GRID          76        600.0000    0.0 200.0000
GRID          77        600.0000200.0000100.0000
GRID          78        600.0000200.0000200.0000
GRID          79        600.0000300.0000100.0000
GRID          80        600.0000300.0000200.0000
GRID          81        600.0000200.0000    0.0
GRID          82        600.0000300.0000    0.0
GRID          83        600.0000100.0000    0.0
GRID          84        600.0000    0.0     0.0
GRID          85        700.0000    0.0 100.0000
GRID          86        700.0000100.0000100.0000
GRID          87        700.0000100.0000200.0000
GRID          88        700.0000    0.0 200.0000
GRID          89        700.0000200.0000100.0000
GRID          90        700.0000200.0000200.0000
GRID          91        700.0000300.0000100.0000
GRID          92        700.0000300.0000200.0000
GRID          93        700.0000200.0000    0.0
GRID          94        700.0000300.0000    0.0
GRID          95        700.0000100.0000    0.0
GRID          96        700.0000    0.0     0.0
GRID          97        800.0000    0.0 100.0000
GRID          98        800.0000100.0000100.0000
GRID          99        800.0000100.0000200.0000
GRID         100        800.0000    0.0 200.0000
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GRID         101        800.0000200.0000100.0000
GRID         102        800.0000200.0000200.0000
GRID         103        800.0000300.0000100.0000
GRID         104        800.0000300.0000200.0000
GRID         105        800.0000200.0000    0.0
GRID         106        800.0000300.0000    0.0
GRID         107        800.0000100.0000    0.0
GRID         108        800.0000    0.0     0.0
GRID         109        900.0000    0.0 100.0000
GRID         110        900.0000100.0000100.0000
GRID         111        900.0000100.0000200.0000
GRID         112        900.0000    0.0 200.0000
GRID         113        900.0000200.0000100.0000
GRID         114        900.0000200.0000200.0000
GRID         115        900.0000300.0000100.0000
GRID         116        900.0000300.0000200.0000
GRID         117        900.0000200.0000    0.0
GRID         118        900.0000300.0000    0.0
GRID         119        900.0000100.0000    0.0
GRID         120        900.0000    0.0     0.0
GRID         121        1000.000    0.0 100.0000
GRID         122        1000.000100.0000100.0000
GRID         123        1000.000100.0000200.0000
GRID         124        1000.000    0.0 200.0000
GRID         125        1000.000200.0000100.0000
GRID         126        1000.000200.0000200.0000
GRID         127        1000.000300.0000100.0000
GRID         128        1000.000300.0000200.0000
GRID         129        1000.000200.0000    0.0
GRID         130        1000.000300.0000    0.0
GRID         131        1000.000100.0000    0.0
GRID         132        1000.000    0.0     0.0
GRID         133        1000.000150.0000200.0000
GRID         134        1000.000150.0000    0.0
GRID         135        250.0000    0.0     0.0
GRID         136        250.0000300.0000    0.0
GRID         138        250.0000300.0000200.0000
GRID         139        250.0000    0.0 200.0000
SPC            1       1  123456     0.0
SPC            1       2  123456     0.0
SPC            1       3  123456     0.0
SPC            1       4  123456     0.0
SPC            1       5  123456     0.0
SPC            1       6  123456     0.0
SPC            1       7  123456     0.0
SPC            1       8  123456     0.0
SPC            1       9  123456     0.0
SPC            1      10  123456     0.0
SPC            1      11  123456     0.0
SPC            1      12  123456     0.0
FORCE          1     133        375000.0    0.0 -1.00000    0.0
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FORCE          1     134        375000.0    0.0 -1.00000    0.0
FORCE          2     133        500000.0    0.0 -1.00000    0.0
FORCE          2     134        500000.0    0.0 1.000000    0.0
FORCE          3     133        500000.0-1.00000    0.0     0.0
FORCE          3     134        500000.01.000000    0.0     0.0
ENDDATA
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2.64.2 OUTPUT

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2004           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.5

                             BUILD CODE 200403191001     

     PROJECT NAME: D064                
     RUN STARTED:  May 26, 2004 11:17
     SYSTEM TYPE:  ix86 (or compatible) Windows NT                              
     LENVEC:           40000000

     LICENSED TO: Vanderplaats R&D, Inc.                                      
     LICENSE EXPIRES: Dec 31, 2020

1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 11:17  PAGE    1
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING TOPOGRAPHY              
                                                                         

     
GENESIS November 2009 Design Examples Manual 1193



              ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 DOPT    100                                                                     
 +       BASIS   0                                                               
 ECHOOFF                                                                         

                                TOPOGRAPHY  SUMMARY         
                    
                  NUMBER OF TOPOGRAPHY REGIONS:                4
                  ADDED NUMBER OF INDEPENDENT VARIABLES:     140
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:           140
                  TOTAL NUMBER OF ADDED DVGRID DATA:         140
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0
                                                                            
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 11:17  PAGE  729
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING TOPOGRAPHY              
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     45 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 11:17  PAGE  730
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING TOPOGRAPHY              
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.712E-04 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.5                   DATE 05-26-2004  TIME 11:17  PAGE  731
 SHAPE OPTIMIZATION OF A CANTILEVERED BEAM USING TOPOGRAPHY              
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D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.7119E-01         0.0%
    1     4.0182E-01         1.2%
    2     3.7243E-01         0.0%
    3     3.4621E-01         2.3%
    4     3.3536E-01         0.0%
    5     3.2346E-01         0.0%
    6     3.1262E-01         0.0%
    7     3.0217E-01         3.3%
    8     2.9820E-01         1.5%
    9     2.9375E-01         1.2%
   10     2.8938E-01         1.7%
   11     2.8744E-01         0.0%
   12     2.8524E-01         0.0%
   13     2.8303E-01         0.0%
   14     2.8082E-01         0.0%
   15     2.7865E-01         0.0%
   16     2.7645E-01         0.1%
   17     2.7434E-01         0.1%
   18     2.7222E-01         0.2%
   19     2.7022E-01         0.1%
   20     2.6817E-01         0.7%
   21     2.6743E-01         0.0%
   22     2.6638E-01         0.3%
   23     2.6541E-01         0.3%
   24     2.6446E-01         0.1%
   25     2.6349E-01         0.1%
   26     2.6253E-01         0.0%
   27     2.6161E-01         0.1%
   28     2.6067E-01         0.1%
   29     2.5968E-01         0.3%
   30     2.5885E-01         0.0%
   31     2.5787E-01         0.2%
   32     2.5694E-01         0.1%
   33     2.5603E-01         0.0%
   34     2.5510E-01         0.0%
   35     2.5410E-01         0.5%
   36     2.5323E-01         0.5%
   37     2.5253E-01         0.3%
   38     2.5168E-01         0.2%
   39     2.5070E-01         0.3%
   40     2.4984E-01         0.3%
   41     2.4912E-01         0.7%
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   42     2.4939E-01         0.0%
   43     2.4890E-01         0.0%
   44     2.4848E-01         0.0%
   45     2.4805E-01         0.0%
1                            ***** END OF OUTPUT *****
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2.65 Design of Beam Taper to Match Two Eigenvector and Two 
Frequencies Using DMATCH2

Example ID:
D032

Design Data Used:
DVAR, DOMAIN, DVGRIDC, DRESP1, DMATCH2, DOPT

Special Features Used:
Uses EVECT type DRESP1 to get eigenvector components as response quantities.
Uses POINT normalization of eigenvectors.
Use DMATCH2 to specify weighting factors. A value of 1 is used to mach the eigenvectors com-
ponents. A value of 2.0 is used to match the frequncies. 

Problem Statement:
Design the beam cross sectional dimensions such that the w-components of the first and second 
eigenvectors and the first and second mode frequencies match the target values.

Design Problem: 
Match 12 responses; 5 property design variables.

Design Data Relationships: 

Problem Description:
The structure consists of a 5 element cantilevered beam. Eigenvalues and eigenvectors for a target 
beam with taper were obtained from a numerical experiment.  These values are used as target val-
ues for the DMATCH2 statement.

DVPROP3

DRESP1 DMATCH2

DVAR

TARGET BEAM
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Results:

The final design matches the desired responses with a small error.

Note:
If weighting factors are not needed use DMATCH instead of DMATCH2. See example D032.
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2.65.1 INPUT DATA
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 8.0 (2005-11-01)
$ Exported on 2005-11-09 13:03
$----------------------------------------------------------------------$
DIAG=85
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES
SUBTITLE = DEMOSTRATE THE USE DMATCH2
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
$
$ Set definitions
$
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = EIGENANALYSIS
   SPC = 10
   METHOD = 100
   DISP = ALL
BEGIN BULK
$
$ Topology Optimization definitions
$
$
$ Coordinate systems
$
$
$ Grid points
$
GRID         101             0.0     0.0     0.0             246
GRID         102        100.0000     0.0     0.0             246
GRID         103        200.0000     0.0     0.0             246
GRID         104        300.0000     0.0     0.0             246
GRID         105        400.0000     0.0     0.0             246
GRID         106        500.0000     0.0     0.0             246
$
$ Element definitions
$
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CBAR         101     101     101     102     0.01.000000     0.0
CBAR         102     102     102     103     0.01.000000     0.0
CBAR         103     103     103     104     0.01.000000     0.0
CBAR         104     104     104     105     0.01.000000     0.0
CBAR         105     105     105     106     0.01.000000     0.0
$
$ Property definitions
$
$HMCOLOR COMP      101       1
PBAR         101      11400.000013330.0013330.00        
$HMCOLOR COMP      102       2
PBAR         102      11400.000013330.0013330.00        
$HMCOLOR COMP      103       3
PBAR         103      11400.000013330.0013330.00        
$HMCOLOR COMP      104       4
PBAR         104      11400.000013330.0013330.00        
$HMCOLOR COMP      105       5
PBAR         105      11400.000013330.0013330.00        
$
$ Material definitions
$
$HMNAME MAT       11 “MAT1 11”
MAT1          11207000.0        .30000008.9000-9                        
$
$ Load definitions
$
$HMNAME LOADCOL         100 “Method 100”
EIGR         100     SUB                               3   POINT
+              1     106       3               2     106       3
+              3     106       3
$
$ Boundary Condition definitions
$
$HMNAME GCSET       10 “SPC Set 10”
SPC1          10  123456     101
$
$ Parameters
$
PARAM     MODTRK     ALL
DOPT          12
+,imatch,1
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 “B1      “
DVAR           1      B120.000005.00000050.00000                
$HMNAME DVAR        2 “B2      “
DVAR           2      B220.000005.00000050.00000                
$HMNAME DVAR        3 “B3      “
DVAR           3      B320.000005.00000050.00000                
$HMNAME DVAR        4 “B4      “
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DVAR           4      B420.000005.00000050.00000                
$HMNAME DVAR        5 “B5      “
DVAR           5      B520.000005.00000050.00000                
DVPROP3        1     101  SQUARE                                
+              1
DVPROP3        2     102  SQUARE                                
+              2
DVPROP3        3     103  SQUARE                                
+              3
DVPROP3        4     104  SQUARE                                
+              4
DVPROP3        5     105  SQUARE                                
+              5
DMATCH2       12       1.01262001.000000
+             13       1.06342401.000000
+             14       1.21477001.000000
+             15       1.52730001.000000
+             16       11.0000001.000000
+             22       1-.0441271.000000
+             23       1-.1744401.000000
+             24       1-.3097201.000000
+             25       1-.0662861.000000
+             26       11.0000001.000000
+              1       1207.43002.000000
+              2       1550.43002.0
DRESP1        12EVECT1_2   EVECT       1               3     102
DRESP1        13EVECT1_3   EVECT       1               3     103
DRESP1        14EVECT1_4   EVECT       1               3     104
DRESP1        15EVECT1_4   EVECT       1               3     105
DRESP1        16EVECT1_5   EVECT       1               3     106
DRESP1        22EVECT2_2   EVECT       2               3     102
DRESP1        23EVECT2_3   EVECT       2               3     103
DRESP1        24EVECT2_4   EVECT       2               3     104
DRESP1        25EVECT2_5   EVECT       2               3     105
DRESP1        26EVECT2_6   EVECT       2               3     106
DRESP1         1FREQ1       FREQ       1                
DRESP1         2FREQ2       FREQ       2                
ENDDATA
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2.65.2 OUTPUT DATA
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2006           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611271425 BETA

     PROJECT NAME: D065
     RUN STARTED:  Nov 27, 2006 16:39
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    1
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
 DIAG=85                                                                         
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 SUBTITLE = DEMOSTRATE THE USE DMATCH2                                           
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 1                                                                      
    LABEL = EIGENANALYSIS                                                        
    SPC = 10                                                                     
    METHOD = 100                                                                 
    DISP = ALL                                                                   
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    2
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                           ---  BULKDATA SECTION  ---
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 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 PARAM   MODTRK  ALL                                                             
 DOPT    12                                                                      
 +       imatch  1                                                               
 ENDDATA

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    3
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                      6
                   NUMBER OF CBAR ELEMENTS:                    5
                   TOTAL NUMBER OF NON RIGID ELEMENTS:         5
                   NUMBER OF ELEMENT PROPERTIES:               5
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:              15

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       5
                  TOTAL NUMBER OF DESIGN VARIABLES:             5
                  NUMBER OF DIRECT RESPONSES:                  12

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    4
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    5
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
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 DEMOSTRATE THE USE DMATCH2                                              

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.780000E-03
                    SYSTEM VOLUME            2.000000E+05
                    SYSTEM MASS/VOLUME       8.900000E-09
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    6
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   5.000E+02  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    7
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              
 EIGENANALYSIS                                                LOADCASE         1

                           E I G E N V A L U E S

        NEW                                             GENERALIZED  GENERALIZED
 MODE  MODE      CYCLES      EIGENVALUE     RADIANS         MASS      STIFFNESS

     1     1  6.230627E+01  1.532580E+05  3.914818E+02  4.45226E-04  6.82345E+01
     2     2  3.899348E+02  6.002659E+06  2.450032E+03  4.46451E-04  2.67989E+03
     3     3  1.091925E+03  4.707016E+07  6.860769E+03  4.45095E-04  2.09507E+04
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE    8
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

-----------------------------------------------------
Parts of this files has been deleted to reduce space
-----------------------------------------------------

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  118
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              
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               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  119
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              
 EIGENANALYSIS                                                LOADCASE         1
                           E I G E N V E C T O R

 EIGENVECTOR NUMBER        1      FREQUENCY (HZ) =  2.058283E+02
                                  EIGENVALUE     =  1.672514E+06

  GRID ID            T1                T2                T3
                     R1                R2                R3

      101      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

      102      3.182363E-23      0.000000E+00      1.281489E-02
               0.000000E+00     -2.421358E-04      0.000000E+00

      103      7.550027E-23      0.000000E+00      6.440346E-02
               0.000000E+00     -7.477796E-04      0.000000E+00

      104      1.347729E-22      0.000000E+00      2.114535E-01
               0.000000E+00     -2.033458E-03      0.000000E+00

      105      1.899969E-22      0.000000E+00      5.217892E-01
               0.000000E+00     -3.798730E-03      0.000000E+00

      106      2.226620E-22      0.000000E+00      1.000000E+00
               0.000000E+00     -5.122871E-03      0.000000E+00

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  120
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              
 EIGENANALYSIS                                                LOADCASE         1
                           E I G E N V E C T O R

 EIGENVECTOR NUMBER        2      FREQUENCY (HZ) =  5.546804E+02
                                  EIGENVALUE     =  1.214634E+07

  GRID ID            T1                T2                T3
                     R1                R2                R3

      101      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00
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      102      4.253677E-22      0.000000E+00     -4.344561E-02
               0.000000E+00      7.725458E-04      0.000000E+00

      103      1.009168E-21      0.000000E+00     -1.722839E-01
               0.000000E+00      1.570505E-03      0.000000E+00

      104      1.801429E-21      0.000000E+00     -3.087716E-01
               0.000000E+00      7.228939E-04      0.000000E+00

      105      2.539576E-21      0.000000E+00     -6.549731E-02
               0.000000E+00     -5.141589E-03      0.000000E+00

      106      2.976191E-21      0.000000E+00      1.000000E+00
               0.000000E+00     -1.272000E-02      0.000000E+00

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  121
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              
 EIGENANALYSIS                                                LOADCASE         1
                           E I G E N V E C T O R

 EIGENVECTOR NUMBER        3      FREQUENCY (HZ) =  1.126686E+03
                                  EIGENVALUE     =  5.011476E+07

  GRID ID            T1                T2                T3
                     R1                R2                R3

      101      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

      102     -5.103099E-21      0.000000E+00      8.234700E-02
               0.000000E+00     -1.325974E-03      0.000000E+00

      103     -1.210689E-20      0.000000E+00      2.140050E-01
               0.000000E+00     -8.187624E-04      0.000000E+00

      104     -2.161159E-20      0.000000E+00     -2.506523E-02
               0.000000E+00      4.716862E-03      0.000000E+00

      105     -3.046707E-20      0.000000E+00     -4.658493E-01
               0.000000E+00      1.021766E-03      0.000000E+00

      106     -3.570510E-20      0.000000E+00      1.000000E+00
               0.000000E+00     -2.135496E-02      0.000000E+00

1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  122
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 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.544408E-02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     B1          5.000000E+00    3.913175E+01    5.000000E+01
          2     B2          5.000000E+00    2.932775E+01    5.000000E+01
          3     B3          5.000000E+00    1.996483E+01    5.000000E+01
          4     B4          5.000000E+00    1.448951E+01    5.000000E+01
          5     B5          5.000000E+00    9.739276E+00    5.000000E+01
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  123
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

  DMATCH

            BETA METHOD    IMATCH = 1    RMATCH =  1.000000E-02
 ---------------------------------------------------------------------------
----
    RESPONSE LOADCASE RESPONSE    RESPONSE        TARGET       MUL*(R-T)
    ID       ID       TYPE        VALUE           VALUE
                                                  MULTIPLIER
 ---------------------------------------------------------------------------
----
       12         1   EVECT     1.281489E-02    1.262000E-02    1.544322E-02
                                                7.923930E+01
       13         1   EVECT     6.440346E-02    6.342400E-02    1.544311E-02
                                                1.576690E+01
       14         1   EVECT     2.114535E-01    2.147700E-01   -1.544222E-02
                                                4.656144E+00
       15         1   EVECT     5.217892E-01    5.273000E-01   -1.045094E-02
                                                1.896454E+00
       16         1   EVECT     1.000000E+00    1.000000E+00    0.000000E+00
                                                1.000000E+00
       22         1   EVECT    -4.344561E-02   -4.412700E-02    1.544168E-02
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                                                2.266186E+01
       23         1   EVECT    -1.722839E-01   -1.744400E-01    1.236027E-02
                                                5.732630E+00
       24         1   EVECT    -3.087716E-01   -3.097200E-01    3.061991E-03
                                                3.228723E+00
       25         1   EVECT    -6.549731E-02   -6.628600E-02    1.189828E-02
                                                1.508614E+01
       26         1   EVECT     1.000000E+00    1.000000E+00    0.000000E+00
                                                1.000000E+00
        1         1   FREQ      2.058283E+02    2.074300E+02   -1.544337E-02
                                                9.641807E-03
        2         1   FREQ      5.546804E+02    5.504300E+02    1.544408E-02
                                                3.633523E-03
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  124
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                       ***********************************
                       * S O F T   C O N V E R G E N C E *
                       * NO FURTHER PROGRESS CAN BE MADE *
                       ***********************************

 THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-06

 THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  125
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.8217E+00         0.0%
    1     4.0173E+00         0.0%
    2     2.3763E+00         0.0%
    3     2.0684E+00         0.0%
    4     9.8284E-01         0.0%
    5     5.5863E-01         0.0%
    6     1.4167E-01         0.0%
    7     2.5674E-02         0.0%
    8     1.6184E-02         0.0%
    9     1.5544E-02         0.0%
   10     1.5444E-02         0.0%
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1GENESIS   VERSION  9.0                   DATE 11-27-2006  TIME 16:39  PAGE  126
 DESIGN OF BEAM TAPER TO MATCH MODE SHAPES AND FREQUENCIES               
 DEMOSTRATE THE USE DMATCH2                                              

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
                1             2             3             4             5
               B1            B2            B3            B4            B5

    0     2.0000E+01    2.0000E+01    2.0000E+01    2.0000E+01    2.0000E+01 
    1     2.2134E+01    2.1326E+01    2.0551E+01    1.8595E+01    1.7759E+01 
    2     2.4495E+01    2.0447E+01    2.1349E+01    1.6121E+01    1.4933E+01 
    3     2.5082E+01    2.0144E+01    2.1216E+01    1.6050E+01    1.4955E+01 
    4     2.9405E+01    2.2278E+01    1.9042E+01    1.3496E+01    1.2576E+01 
    5     3.4473E+01    2.4655E+01    2.0347E+01    1.3150E+01    9.7435E+00 
    6     3.8841E+01    2.8654E+01    1.9449E+01    1.4459E+01    9.1696E+00 
    7     3.9006E+01    2.9331E+01    1.9759E+01    1.4424E+01    9.6160E+00 
    8     3.9082E+01    2.9360E+01    1.9899E+01    1.4489E+01    9.7048E+00 
    9     3.9126E+01    2.9331E+01    1.9957E+01    1.4489E+01    9.7353E+00 
   10     3.9132E+01    2.9328E+01    1.9965E+01    1.4490E+01    9.7393E+00 
1                            ***** END OF OUTPUT *****
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2.66 Multi-objective Coarse Topometry Optimization 

Example ID:
D066

Design Data Used:
DINDEX, DCONS, DSPLIT, DVPROP3, DVAR, DRESP1

Special Features Used:
DINDEX data entry used to select three respones for the ojective: mass and the strain energies  of  
two loadcases. 
COARSE option in the DSPLIT data entry to perform coarse topometry optmization. 

Problem Statement:
The flat plate being pinned at the four corners is designed to be as light as possible and as stiff as 
possible to carry a point load at middle of the plate in the first loadcase and pressure loads in the 
second loacase. The three responses are normalized and added to the objective function using 
equal weighting factors.  
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Problem Description:
1. The designable region  was discretized using a mesh with  18*18 CQUAD4 

elements. 
2. A point load was applied in the middle grid in the original plate. 
3. Pressure loads were applied through out the surface of the  plate. 
4. Each of the 4 corners was restricted  to move in the 123 directions.

Results:
The composite objective function was reduced from  3.0 to 2.13 (28% reduction)  
The mass (wf=1.0) was reduced from1,516E-6 to 1,510  (0.38% reduction).  
The strain energy of loadcase 1 (wf=1.0) was reduced from 15.76 to 8.80  (44% reduction) . 
The strain energy of loadcase 2 (wf=1.0) was reduced from 7,815 to 4,526 (42% reduction) . 

The following figure shows the inital and  final thickness distributions using both colours and 
actual thickesses. The thickness  are obtained using  the SSOL command. In the figure, red repre-
sents the highest possible thickness and blue the lowest. 
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2.66.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D066.dat and is provide with the installation CD.

ID D066
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-17 10:00
$----------------------------------------------------------------------$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION
SUBTITLE = MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
APRINT = FLAST
DPRINT = LAST
UPRINT = FIRST
THICKNESS = POST
TVAR = NONE
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 200
   LABEL = POINT LOAD AT CENTER OF PLATE
   SPC = 200
   LOAD = 200
LOADCASE 201
   LABEL = Pressure Load
   SPC = 200
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
DOPT          20
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        2 "THCK4"
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DVAR           2   THCK4.60000005.0000-31.800000                
DVPROP3        1       4   SOLID       1
+              2
DSPLIT         4
+ COARSEMAXELEM 4
DINDEX       204     2001.000000
+            205     2011.000000
+            206        1.000000
$HMNAME RESP      204 "Obj2"
DRESP1       204    Obj2 SENERGY                        
$HMNAME RESP      205 "Obj2"
DRESP1       205    Obj2 SENERGY                        
$HMNAME RESP      206 "Obj3"
DRESP1       206    Obj3    MASS                        
DCONS        201                1.816-06
$HMNAME RESP      201 "MASS"
DRESP1       201    MASS  MASS                        
$
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2.66.2 Ouput
11

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2005           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611170944 BETA

     PROJECT NAME: D066
     RUN STARTED:  Nov 17, 2006 11:31
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    1
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 SUBTITLE = MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 APRINT = FLAST                                                                  
 DPRINT = LAST                                                                   
 UPRINT = FIRST                                                                  
 THICKNESS = POST                                                                
 TVAR = NONE                                                                     
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 200                                                                    
    LABEL = POINT LOAD AT CENTER OF PLATE                                        
    SPC = 200                                                                    
    LOAD = 200                                                                   
 LOADCASE 201                                                                    
    LABEL = PRESSURE LOAD                                                        
    SPC = 200                                                                    
    LOAD = 201                                                                   
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    2
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    20                                                                      
 ENDDATA

     WARNING MESSAGE FROM SUBROUTINE "GN16CB".
     WARNING CODE = 160103
     THERE IS A CONSTRAINT BOUND IN DRESP1      201 THAT
     HAS AN ABSOLUTE VALUE LESS THAN 1.0E-04.  THIS MAY REDUCE
     OPTIMIZATION SPEED.  IF POSSIBLE, RESCALE THE PROBLEM SO
     THAT THE ABSOLUTE VALUE OF THE BOUND IS GREATER THAN  1.0E-04.
     THIS CAN BE DONE USING DRESP2 DATA.

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    3
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:              81
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      81
                  TOTAL NUMBER OF DESIGN VARIABLES:            81
                  NUMBER OF DIRECT RESPONSES:                   4
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY
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                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    4
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    5
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.516320E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    6
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    7
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.218692E-12 ; STRAIN ENERGY :  1.576366E+01
 LOADCASE      201 ; RESIDUAL : -1.426887E-12 ; STRAIN ENERGY :  7.815384E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    8
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    9
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 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   10
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   11
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      477     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      477     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   12
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     3.1527E-01  0.0000E+00  0.0000E+00  3.1527E-01
     201      837     6.6431E+00  0.0000E+00  0.0000E+00  6.6431E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   13
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   14
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 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   
----------------------------------------
This input data listing is intentionally cut to save space. The complete file 
is provided with the installation CD>

----------------------------------------

               ****************************************************
               *  D E S I G N  C Y C L E     20 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  186
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.510532E-06
                    SYSTEM VOLUME            1.936580E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  187
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  188
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL :  8.741579E-13 ; STRAIN ENERGY :  8.800582E+00
 LOADCASE      201 ; RESIDUAL :  9.194376E-13 ; STRAIN ENERGY :  4.526065E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  189
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  190
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
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 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  191
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  192
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      477     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      477     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  193
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.7601E-01  0.0000E+00  0.0000E+00  1.7601E-01
     201      997     4.8950E+00  0.0000E+00  0.0000E+00  4.8950E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  194
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

               ********************************************
               *  D E S I G N  C Y C L E     20 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  195
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
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 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

               ********************************************
               *  D E S I G N  C Y C L E     20 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.133588E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  196
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        3
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      3
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           4.534865E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      2.610383E+03
             AVERAGE OF CURRENT DINDEX RESPONES       1.511622E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES    -4.209195E+01%
             DINDEX ORIGINAL VALUE                    3.000000E+00
             DINDEX CURRENT VALUE                     2.133588E+00
             CHANGE OF DINDEX                        -2.888040E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.000E+00  1.576366E+01  8.800582E+00  5.582828E-01
                                                    (-0.441717E+02%)
      205      201 SENERGY   1.000E+00  7.815384E+03  4.526065E+03  5.791225E-01
                                                    (-0.420878E+02%)
      206      200 MASS      1.000E+00  1.516320E-06  1.510532E-06  9.961829E-01
                                                    (-0.381712E+00%)
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  197
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

  CONSTRAINT
1222 Design Examples Manual November 2009 GENESIS



                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             1.510532E-06  UB   1.816000E-06   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  198
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  199
 MULTI OBJECTIVES COARSE TOPOMETRY OPTIMIZATION                          
 MASS WF=1.0  POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                   

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.0000E+00         0.0%
    1     2.9341E+00         0.0%
    2     2.8996E+00         0.0%
    3     2.8707E+00         0.0%
    4     2.8331E+00         0.0%
    5     2.7940E+00         0.0%
    6     2.7491E+00         0.0%
    7     2.6943E+00         0.0%
    8     2.6267E+00         0.0%
    9     2.5355E+00         0.0%
   10     2.4309E+00         0.0%
   11     2.3743E+00         0.0%
   12     2.3654E+00         0.0%
   13     2.3529E+00         0.0%
   14     2.3373E+00         0.0%
   15     2.3180E+00         0.0%
   16     2.2805E+00         0.0%
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   17     2.2149E+00         0.0%
   18     2.1649E+00         0.0%
   19     2.1434E+00         0.0%
   20     2.1336E+00         0.0%
 ***** THERE WERE        2 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.67 Two Objectives Coarse Topometry Optimization: Case 1 

Example ID:
D067

Design Data Used:
DINDEX, DCONS, DSPLIT, DVPROP3, DVAR, DRESP1

Special Features Used:
DINDEX data entry to select three respones (mass and 2 strain energies)  
COARSE option DSPLIT data entry to perform coarse topometry optmization. 

Problem Statement:
The flat plate being pinned at the four corners is designed to be as stiff as possible to carry the 
point load at middle of the plate.on first loadcase, and pressure loads on a second loacase 2 

Design Problem: 
Minimize the weighted sum of  the normalized strain energies of the load cases subject to  a  mass 
constraint

Case 1: 
Weighting factor for point load = 1.0 
Weighting factor for pressure load = 1.0 
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Problem Description:
1. The designable region  was discretized with 18*18 CQUAD4 elements. 
2. Point load was applied to middle point in the original plate. 
3. Pressure load were applied trhough out the surface of the  plate. 
4. Each of the 4 corners were not allowed to move in the 123 directions.

Results:
The DINDEX objective function was reduced from  2.0 to 1.13 (43% reduction)  
The strain energy of loadcase 1 (wf=1.0)  was reduced from 15.76 to 8.85  (44% reduction) . 
The strain energy of loadcase 2 (wf=1.0) was reduced from 7,815 to 4,512 (42% reduction) . 

This results are very similar to the one obtainied in D066. Unlike D066, in this example the mass 
was not added to the objective. The similaries are due to the fact that in D066 the mass did not 
change match. 

The following figure shows the inital and final thickness distribution using both colours and 
actual thickess as revealed by the SSOL file. In the figure, red represents the highest possible 
thickness and blue the lowest. 

                                                    Inital and Final Structure
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2.67.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D067.dat and is provide with the installation CD.

ID D067
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 13:34
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1
SUBTITLE = POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
APRINT = FLAST
DPRINT = LAST
UPRINT = FIRST
THICKNESS = POST
TVAR = NONE
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 200
   LABEL = POINT LOAD AT CENTER OF PLATE
   SPC = 200
   LOAD = 200
LOADCASE 201
   LABEL = Pressure Load
   SPC = 200
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
DOPT          20
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
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$HMNAME DVAR        2 "THCK4"
DVAR           2   THCK4.6000000.0050   1.8        
DVPROP3        1       4   SOLID       1
+              2
DSPLIT         4
+,coarse,maxelem,4
DINDEX       204     2001.00000
+            205     2011.00000
$HMNAME RESP      200 "MASS"
$DRESP1,200,VOLUME,VOLUME
$HMNAME RESP      204 "Obj2"
DRESP1       204    Obj2 SENERGY                        
$HMNAME RESP      205 "Obj2"
DRESP1       205    Obj2 SENERGY                        
DCONS        201                194.4000
$HMNAME RESP      201 "MASS"
DRESP1,201,VOLUME,VOLUME
$
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2.67.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2005           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611170944 BETA

     PROJECT NAME: D067
     RUN STARTED:  Nov 17, 2006 11:31
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    1
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 SUBTITLE = POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                             
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 APRINT = FLAST                                                                  
 DPRINT = LAST                                                                   
 UPRINT = FIRST                                                                  
 THICKNESS = POST                                                                
 TVAR = NONE                                                                     
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 200                                                                    
    LABEL = POINT LOAD AT CENTER OF PLATE                                        
    SPC = 200                                                                    
    LOAD = 200                                                                   
 LOADCASE 201                                                                    
    LABEL = PRESSURE LOAD                                                        
    SPC = 200                                                                    
    LOAD = 201                                                                   
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    2
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    20                                                                      
 ENDDATA

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    3
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:              81
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      81
                  TOTAL NUMBER OF DESIGN VARIABLES:            81
                  NUMBER OF DIRECT RESPONSES:                   3
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    4
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

               ****************************************************
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               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    5
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.516320E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    6
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    7
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.218692E-12 ; STRAIN ENERGY :  1.576366E+01
 LOADCASE      201 ; RESIDUAL : -1.426887E-12 ; STRAIN ENERGY :  7.815384E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    8
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE    9
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
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     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   10
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   11
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      477     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      477     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   12
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     3.1527E-01  0.0000E+00  0.0000E+00  3.1527E-01
     201      837     6.6431E+00  0.0000E+00  0.0000E+00  6.6431E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   13
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE   14
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                
-------------------------
Intentioanlly cut

-------------------------

               ****************************************************
               *  D E S I G N  C Y C L E     20 (ANALYSIS SUMMARY)*
               ****************************************************
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  186
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.511787E-06
                    SYSTEM VOLUME            1.938188E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  187
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  188
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL :  8.685497E-15 ; STRAIN ENERGY :  8.848950E+00
 LOADCASE      201 ; RESIDUAL : -5.324897E-14 ; STRAIN ENERGY :  4.512584E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  189
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  190
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  191
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 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  192
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200     1197     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201     1197     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  193
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.7698E-01  0.0000E+00  0.0000E+00  1.7698E-01
     201     1005     5.0264E+00  0.0000E+00  0.0000E+00  5.0264E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  194
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

               ********************************************
               *  D E S I G N  C Y C L E     20 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  195
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

               ********************************************
               *  D E S I G N  C Y C L E     20 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.138749E+00
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  196
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        2
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      2
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           4.521433E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      3.915574E+03
             AVERAGE OF CURRENT DINDEX RESPONES       2.260717E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES    -4.226347E+01%
             DINDEX ORIGINAL VALUE                    2.000000E+00
             DINDEX CURRENT VALUE                     1.138749E+00
             CHANGE OF DINDEX                        -4.306256E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.000E+00  1.576366E+01  8.848950E+00  5.613511E-01
                                                    (-0.438649E+02%)
      205      201 SENERGY   1.000E+00  7.815384E+03  4.512584E+03  5.773976E-01
                                                    (-0.422602E+02%)
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  197
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.938188E+02  UB   1.944000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  198
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 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:31  PAGE  199
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 1                   
 POINT LOAD WF=1.0  PRESSURE LOADS WF=1.0                                

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     2.0000E+00         0.0%
    1     1.9339E+00         0.0%
    2     1.8982E+00         0.0%
    3     1.8695E+00         0.0%
    4     1.8345E+00         0.0%
    5     1.7977E+00         0.0%
    6     1.7565E+00         0.0%
    7     1.7100E+00         0.0%
    8     1.6458E+00         0.0%
    9     1.5586E+00         0.0%
   10     1.4554E+00         0.0%
   11     1.3803E+00         0.0%
   12     1.3693E+00         0.0%
   13     1.3559E+00         0.0%
   14     1.3431E+00         0.0%
   15     1.3285E+00         0.0%
   16     1.3025E+00         0.0%
   17     1.2476E+00         0.0%
   18     1.1824E+00         0.0%
   19     1.1538E+00         0.0%
   20     1.1387E+00         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
GENESIS November 2009 Design Examples Manual 1237



2.68 Two Objectives Coarse Topometry Optimization: Case 2 

Example ID:
D068

Design Data Used:
DINDEX, DCONS, DSPLIT, DVPROP3, DVAR, DRESP1

Special Features Used:
DINDEX data entry to select three respones (mass and 2 strain energies)  
COARSE option DSPLIT data entry to perform coarse topometry optmization. 

Problem Statement:
The flat plate being pinned at the four corners is designed to be as stiff as possible to carry the 
point load at middle of the plate.on first loadcase, and pressure loads on a second loacase 2 

Design Problem: 
Minimize the weighted sum of  the normalized strain energies of the load cases subject to  a  mass 
constraint

Case 2: 
For Point Force load case use WF=1.9 
For Pressure  loads case use   WF=0.1 
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Problem Description:
1. The designable region  was discretized with 18*18 CQUAD4 elements. 
2. Point load was applied to middle point in the original plate. 
3. Pressure load were applied trhough out the surface of the  plate. 
4. Each of the 4 corners were not allowed to move in the 123 directions.

Results:
The DINDEX objective function was reduced from  2.0 to 0.94 (54% reduction)  
The strain energy of loadcase 1 (wf=1.9)  was reduced from 15.76 to 6,84  (57% reduction) . 
The strain energy of loadcase 2 (wf=0.1)  was reduced from 7,815 to 7,052 (10% reduction) . 

The following figure shows the inital and final thickness distribution using both colours and 
actual thickess as revealed by the SSOL file. In the figure, red represents the highest possible 
thickness and blue the lowest 

Final Solution
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2.68.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D068.dat and is provide with the installation CD.

ID D068
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 13:34
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2
SUBTITLE = POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
APRINT = FLAST
DPRINT = FLAST
UPRINT = FIRST
THICKNESS = POST
TVAR = NONE
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 200
   LABEL = POINT LOAD AT CENTER OF PLATE
   SPC = 200
   LOAD = 200
LOADCASE 201
   LABEL = Pressure Load
   SPC = 200
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
DOPT          20
$+       ISENVAR 1       
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
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$
$HMNAME DVAR        2 "THCK4"
$ 23 4 5 67
DVAR           2   THCK4.6000000.0050   1.8        
DVPROP3        1       4   SOLID       1
+              2
DSPLIT         4
+,coarse,maxelem,4
DINDEX       204     2001.9
+            205     2010.1
$HMNAME RESP      200 "MASS"
$DRESP1 200VOLUME VOLUME
$HMNAME RESP      204 "Obj2"
DRESP1       204    Obj2 SENERGY                        
$HMNAME RESP      205 "Obj2"
DRESP1       205    Obj2 SENERGY                        
DCONS        201                194.4000
$HMNAME RESP      201 "MASS"
DRESP1 201VOLUME VOLUME
$
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2.68.2 Ouput

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2006           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200612011006 BETA

     PROJECT NAME: D068b
     RUN STARTED:  Dec  1, 2006 12:13
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    1
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 SUBTITLE = POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                             
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 APRINT = FLAST                                                                  
 DPRINT = FLAST                                                                  
 UPRINT = FIRST                                                                  
 THICKNESS = POST                                                                
 TVAR = NONE                                                                     
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 200                                                                    
    LABEL = POINT LOAD AT CENTER OF PLATE                                        
    SPC = 200                                                                    
    LOAD = 200                                                                   
 LOADCASE 201                                                                    
    LABEL = PRESSURE LOAD                                                        
    SPC = 200                                                                    
    LOAD = 201                                                                   
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    2
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
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 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    30                                                                      
 ENDDATA

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    3
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:              81
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      81
                  TOTAL NUMBER OF DESIGN VARIABLES:            81
                  NUMBER OF DIRECT RESPONSES:                   3
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    4
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    5
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.516320E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    6
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    7
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.218692E-12 ; STRAIN ENERGY :  1.576366E+01
 LOADCASE      201 ; RESIDUAL : -1.426887E-12 ; STRAIN ENERGY :  7.815384E+03
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    8
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE    9
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   10
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   11
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      477     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      477     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   12
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     3.1527E-01  0.0000E+00  0.0000E+00  3.1527E-01
     201      837     6.6431E+00  0.0000E+00  0.0000E+00  6.6431E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   13
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   14
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************
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  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.000000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   15
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        2
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      2
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           7.831148E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      3.915574E+03
             AVERAGE OF CURRENT DINDEX RESPONES       3.915574E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES     0.000000E+00%
             DINDEX ORIGINAL VALUE                    2.000000E+00
             DINDEX CURRENT VALUE                     2.000000E+00
             CHANGE OF DINDEX                         0.000000E+00%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.900E+00  1.576366E+01  1.576366E+01  1.900000E+00
                                                    ( 0.000000E+00%)
      205      201 SENERGY   1.000E-01  7.815384E+03  7.815384E+03  1.000000E-01
                                                    ( 0.000000E+00%)
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE   16
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.944000E+02  UB   1.944000E+02   A
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

-----------
Pasts of this file has been deleted to save space
----------

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  278
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

               ****************************************************
               *  D E S I G N  C Y C L E     30 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  279
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.511794E-06
                    SYSTEM VOLUME            1.938198E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  280
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  281
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.287039E-12 ; STRAIN ENERGY :  6.837003E+00
 LOADCASE      201 ; RESIDUAL : -6.773304E-13 ; STRAIN ENERGY :  7.052109E+03
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  282
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                         O L O A D   R E S U L T A N T S
1248 Design Examples Manual November 2009 GENESIS



 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  283
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  284
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  285
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      459     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      459     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  286
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.3674E-01  0.0000E+00  0.0000E+00  1.3674E-01
     201      669     1.2830E+01  0.0000E+00  0.0000E+00  1.2830E+01
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  287
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
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 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

               ********************************************
               *  D E S I G N  C Y C L E     30 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  288
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

               ********************************************
               *  D E S I G N  C Y C L E     30 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.143000E-01
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  289
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        2
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      2
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           7.058946E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      3.915574E+03
             AVERAGE OF CURRENT DINDEX RESPONES       3.529473E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES    -9.860649E+00%
             DINDEX ORIGINAL VALUE                    2.000000E+00
             DINDEX CURRENT VALUE                     9.143000E-01
             CHANGE OF DINDEX                        -5.428500E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.900E+00  1.576366E+01  6.837003E+00  8.240664E-01
                                                    (-0.566281E+02%)
      205      201 SENERGY   1.000E-01  7.815384E+03  7.052109E+03  9.023368E-02
                                                    (-0.976632E+01%)
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  290
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 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.938198E+02  UB   1.944000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  291
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:13  PAGE  292
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 2                   
 POINT LOAD WF=1.9  PRESSURE LOADS WF=0.1                                

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     2.0000E+00         0.0%
    1     1.8432E+00         0.0%
    2     1.7692E+00         0.0%
    3     1.7526E+00         0.0%
    4     1.7403E+00         0.0%
    5     1.7300E+00         0.0%
    6     1.7136E+00         0.0%
    7     1.6983E+00         0.0%
    8     1.6759E+00         0.0%
    9     1.6501E+00         0.0%
   10     1.6162E+00         0.0%
   11     1.5879E+00         0.0%
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   12     1.5705E+00         0.0%
   13     1.5510E+00         0.0%
   14     1.5261E+00         0.0%
   15     1.4952E+00         0.0%
   16     1.4556E+00         0.0%
   17     1.4066E+00         0.0%
   18     1.3841E+00         0.0%
   19     1.3409E+00         0.0%
   20     1.2587E+00         0.0%
   21     1.1220E+00         0.0%
   22     1.0021E+00         0.0%
   23     9.5729E-01         0.0%
   24     9.3652E-01         0.0%
   25     9.2589E-01         0.0%
   26     9.2169E-01         0.0%
   27     9.1690E-01         0.0%
   28     9.1523E-01         0.0%
   29     9.1288E-01         0.0%
   30     9.1430E-01         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.69 Two Objectives Coarse Topometry Optimization: Case 3 

Example ID:
D069

Design Data Used:
DINDEX, DCONS, DSPLIT, DVPROP3, DVAR, DRESP1

Special Features Used:
DINDEX data entry to select three respones (mass and 2 strain energies)  
COARSE option DSPLIT data entry to perform coarse topometry optmization. 

Problem Statement:
The flat plate being pinned at the four corners is designed to be as stiff as possible to carry the 
point load at middle of the plate.on first loadcase, and pressure loads on a second loacase 2 

Design Problem: 
Minimize the weighted sum of  the normalized strain energies of the load cases subject to  a  mass 
constraint

Case 3: 
For Point Force load case use WF=0.1 
For Pressure  loads case use   WF=1.9 
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Problem Description:
1. The designable region  was discretized with 18*18 CQUAD4 elements. 
2. Point load was applied to middle point in the original plate. 
3. Pressure load were applied trhough out the surface of the  plate. 
4. Each of the 4 corners were not allowed to move in the 123 directions.

Results:
The DINDEX objective function was reduced from  2.0 to 1.12 (44% reduction)  
The strain energy of loadcase 1 (wf=0.1)  was increased from 15.76 to 16.13  (2% increase) . 
The strain energy of loadcase 2 (wf=1.9)  was reduced from 7,815 to 4,208 (46% reduction) . 

The following figure shows the inital and final thickness distribution using both colours and 
actual thickess as revealed by the SSOL file. In the figure, red represents the highest possible 
thickness and blue the lowest. 

Final Solution

Comparing Case 1 (D067) Case 2 (D068) & Case 3 (This) Results:
Case 1
The DINDEX objective function was reduced from  2.00 to 1.13 (43% reduction)  
The strain energy of loadcase 1 (wf=1.0)  was reduced from 15.76 to 8.85  (44% reduction) . 
The strain energy of loadcase 2 (wf=1.0) was reduced from 7,815 to 4,512 (42% reduction) . 
Case 2
The DINDEX objective function was reduced from  2.00 to 0.94 (54% reduction)  
The strain energy of loadcase 1 (wf=1.9)  was reduced from 15.76 to 6,84  (57% reduction) . 
The strain energy of loadcase 2 (wf=0.1)  was reduced from 7,815 to 7,052 (10% reduction) . 
Case 3
The DINDEX objective function was reduced from  2.00 to 1.12 (44% reduction)  
The strain energy of loadcase 1 (wf=0.1)  was increased from 15.76 to 16.13  (2% increase) . 
The strain energy of loadcase 2 (wf=1.9)  was reduced from 7,815 to 4,208 (46% reduction) . 
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The following figure shows the final thickness distribution using three different sets of weighting 
factors. In the left  are the results of problem D068, Case 2 (1.9,0.1) where the the Point Load load 
case is given a higher weighting factor. In the middle of the figure, is the results for  Case 1 where 
both load cases are giving equal weighting factors. (1.0,10.) . In the right of the figure,  Case 3 
(0.1,1.9) .where the pressure load case is given the height weight factor 

As in most multi objective optimization problem, different weighing factors 
produced different results. The designer, ultimately, has to make a trade off 
analysis between the different objectives and pick the result that better 
satify the problem in hand.  
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2.69.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D069.dat and is provide with the installation CD.

ID D069
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 13:34
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3
SUBTITLE = POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
APRINT = FLAST
DPRINT = LAST
UPRINT = FIRST
THICKNESS = POST
TVAR = NONE
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 200
   LABEL = POINT LOAD AT CENTER OF PLATE
   SPC = 200
   LOAD = 200
LOADCASE 201
   LABEL = Pressure Load
   SPC = 200
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
DOPT          20
$+       ISENVAR 1       
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
1256 Design Examples Manual November 2009 GENESIS



$
$HMNAME DVAR        2 "THCK4"
$ 23 4 5 67
DVAR           2   THCK4.6000000.0050   1.8        
DVPROP3        1       4   SOLID       1
+              2
DSPLIT         4
+,coarse,maxelem,4
DINDEX       204     2000.1
+            205     2011.9
$HMNAME RESP      200 "MASS"
$DRESP1 200VOLUME VOLUME
$HMNAME RESP      204 "Obj2"
DRESP1       204    Obj2 SENERGY                        
$HMNAME RESP      205 "Obj2"
DRESP1       205    Obj2 SENERGY                        
DCONS        201                194.4000
$HMNAME RESP      201 "MASS"
DRESP1 201VOLUME VOLUME
$
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2.69.2 Ouput
111

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2006           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200612011006 BETA

     PROJECT NAME: D069b
     RUN STARTED:  Dec  1, 2006 12:36
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    1
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 SUBTITLE = POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                             
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 APRINT = FLAST                                                                  
 DPRINT = FLAST                                                                  
 UPRINT = FIRST                                                                  
 THICKNESS = POST                                                                
 TVAR = NONE                                                                     
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 200                                                                    
    LABEL = POINT LOAD AT CENTER OF PLATE                                        
    SPC = 200                                                                    
    LOAD = 200                                                                   
 LOADCASE 201                                                                    
    LABEL = PRESSURE LOAD                                                        
    SPC = 200                                                                    
    LOAD = 201                                                                   
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    2
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    30                                                                      
 ENDDATA

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    3
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:              81
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      81
                  TOTAL NUMBER OF DESIGN VARIABLES:            81
                  NUMBER OF DIRECT RESPONSES:                   3
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    4
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

               ****************************************************
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               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    5
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.516320E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    6
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    7
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE      200 ; RESIDUAL : -1.218692E-12 ; STRAIN ENERGY :  1.576366E+01
 LOADCASE      201 ; RESIDUAL : -1.426887E-12 ; STRAIN ENERGY :  7.815384E+03
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    8
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
     201  0.0000E+00  0.0000E+00  3.2400E+03  3.5640E+04 -2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE    9
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

     200  0.0000E+00  0.0000E+00 -1.0000E+02 -1.1000E+03  9.0000E+02  0.0000E+00
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     201  0.0000E+00  0.0000E+00 -3.2400E+03 -3.5640E+04  2.9160E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   10
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
     201      501     1.0000E+01  0.0000E+00  0.0000E+00  1.0000E+01
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   11
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      477     2.5000E+01  0.0000E+00  0.0000E+00 -2.5000E+01
     201      477     8.1000E+02  0.0000E+00  0.0000E+00 -8.1000E+02
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   12
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

     200      837     3.1527E-01  0.0000E+00  0.0000E+00  3.1527E-01
     201      837     6.6431E+00  0.0000E+00  0.0000E+00  6.6431E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   13
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   14
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  2.000000E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   15
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        2
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      2
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           7.831148E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      3.915574E+03
             AVERAGE OF CURRENT DINDEX RESPONES       3.915574E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES     0.000000E+00%
             DINDEX ORIGINAL VALUE                    2.000000E+00
             DINDEX CURRENT VALUE                     2.000000E+00
             CHANGE OF DINDEX                         0.000000E+00%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.000E-01  1.576366E+01  1.576366E+01  1.000000E-01
                                                    ( 0.000000E+00%)
      205      201 SENERGY   1.900E+00  7.815384E+03  7.815384E+03  1.900000E+00
                                                    ( 0.000000E+00%)
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE   16
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.944000E+02  UB   1.944000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

------------------------------------------------------------
Parts of this file have been deleted to save space
------------------------------------------------------------

1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  242
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

               ********************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  243
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

               ********************************************
               *  D E S I G N  C Y C L E     25 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.125192E+00
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  244
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

  DINDEX

                       DINDEX INFORMATION (TINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        2
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      2
             SUM OF ORIGINAL DINDEX RESPONES          7.831148E+03
             SUM OF CURRENT DINDEX RESPONES           4.223621E+03
             AVERAGE OF ORIGINAL DINDEX RESPONES      3.915574E+03
             AVERAGE OF CURRENT DINDEX RESPONES       2.111811E+03
             CHANGE OF AVERAGE OF DINDEX RESPONES    -4.606639E+01%
             DINDEX ORIGINAL VALUE                    2.000000E+00
             DINDEX CURRENT VALUE                     1.125192E+00
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             CHANGE OF DINDEX                        -4.374039E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
      204      200 SENERGY   1.000E-01  1.576366E+01  1.612740E+01  1.023075E-01
                                                    ( 0.230745E+01%)
      205      201 SENERGY   1.900E+00  7.815384E+03  4.207494E+03  1.022885E+00
                                                    (-0.461640E+02%)
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  245
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.938190E+02  UB   1.944000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  246
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  9.0                   DATE 12-01-2006  TIME 12:36  PAGE  247
 TWO OBJECTIVES COARSE TOPOMETRY OPTIMIZATION:  CASE 3                   
 POINT LOAD WF=0.1  PRESSURE LOADS WF=1.9                                

 D E S I G N   C Y C L E   H I S T O R Y
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 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     2.0000E+00         0.0%
    1     1.9835E+00         0.0%
    2     1.9375E+00         0.0%
    3     1.8588E+00         0.0%
    4     1.7744E+00         0.0%
    5     1.6729E+00         0.0%
    6     1.5398E+00         0.0%
    7     1.3320E+00         0.0%
    8     1.1887E+00         0.0%
    9     1.1676E+00         0.0%
   10     1.1649E+00         0.0%
   11     1.1625E+00         0.0%
   12     1.1637E+00         0.0%
   13     1.1611E+00         0.0%
   14     1.1605E+00         0.0%
   15     1.1581E+00         0.0%
   16     1.1570E+00         0.0%
   17     1.1548E+00         0.0%
   18     1.1533E+00         0.0%
   19     1.1503E+00         0.0%
   20     1.1464E+00         0.0%
   21     1.1402E+00         0.0%
   22     1.1323E+00         0.0%
   23     1.1255E+00         0.0%
   24     1.1253E+00         0.0%
   25     1.1252E+00         0.0%
1                            ***** END OF OUTPUT *****
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2.70 Topometry Optimization with Double Mirror Symmetries
D070

Design Data Used:
DOBJ, DCONS, DSPLIT(SYM), DVPROP3, DVAR, DRESP1

Special Features Used:
SYM option in DSPLIT data entry to enforce double mirro symmetries. 

Problem Statement:
The hat structure is fixed on its two ends  and is designed to be as stiff as possible to carry an 
unsymmeric point load on on its top. 

Design Problem: 
Find the thickness ditribution of the hat structure that minimizes the strain energy and satifies a   
mass constraint. The thickness distribution results needs to be symmetric with respect to two 
planes that pass through its center to make the structure easier to manufacture.
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Problem Description:
1. The designable region  was discretized with 2400 CQUAD4 elements. 
2. A Point load was applied on the top of the structure. The location of the load has on 

ffset from the middle  point as shown in the picture above. 
3. The grids on the ends are restrictred to move in  all  6 dof..

Results:
The following figure shows the inital and final thickness distributions using both colors and actual 
thickess as revealed by the SSOL command. In the figure, red represents the highest possible 
thickness and blue the lowest. 
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2.70.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D070.dat and is provide with the installation CD.

ID D070
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 15:33
$----------------------------------------------------------------------$
POST = PUNCH
SOL COMPAT1
CEND
DPRINT=FLAST
$
$ Solution Control
$
TITLE = TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET
SUBTITLE = LOADING CONDITION IS UNSYMMETRIC
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
THICKNESS = POST
SSOL=yes,fixnorm
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = CENTER Z LOAD
   SPC = 1
   LOAD = 1
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T3"
DVAR           1      T31.000000.01000002.000000                
DVPROP3        1       3   SOLID       1
+              1
DSPLIT         3
+       SYM            1     MZX   MYZ                                        
DOBJ           1    Obj1       1        
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1 SENERGY                        
DCONS          2                1200.000
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$HMNAME RESP        2 "Cons1"
DRESP1         2   Cons1  VOLUME                        
$
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2.70.2 Ouput
11

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2005           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611170944 BETA

     PROJECT NAME: D070
     RUN STARTED:  Nov 17, 2006 11:42
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    1
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        
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                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
 DPRINT=FLAST                                                                    
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 SUBTITLE = LOADING CONDITION IS UNSYMMETRIC                                     
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 THICKNESS = POST                                                                
 SSOL=YES,FIXNORM                                                                
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 1                                                                      
    LABEL = CENTER Z LOAD                                                        
    SPC = 1                                                                      
    LOAD = 1                                                                     
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    2
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

      
     WARNING MESSAGE FROM GN1245:
     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
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     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
     SPC/SPC1              62         124

  
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    3
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   2511
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:       2400
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      2400
                   NUMBER OF ELEMENT PROPERTIES:             600
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:           14879

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     600
                  TOTAL NUMBER OF DESIGN VARIABLES:           600
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    4
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    5
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.872000E-05
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                    SYSTEM VOLUME            2.400000E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    6
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    7
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  6.633372E-10 ; STRAIN ENERGY :  5.914809E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    8
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE    9
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -2.8644E-07 -1.2595E-07 -1.0000E+03 -1.2000E+04  2.9000E+04 -3.1911E-
06
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   10
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   11
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                        M A X I M U M   S P C   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     4.4449E+01 -2.8544E-07 -2.5314E-01 -4.4448E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   12
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     1.2670E+01 -3.2311E+00  4.9058E-01  1.2241E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   13
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   14
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.914809E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000000E+00    2.000000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   15
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

  CONSTRAINT

                         MASS,VOLUME         
   ------------------------------------------------------------------------
---
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   ------------------------------------------------------------------------
---
    VOLUME           0  SYS             2.400000E+03  UB   1.200000E+03   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE   16
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                            
----------------------------------------
This output data listing is intentionally cut to save space. The complete 
file is provided with the installation CD>
----------------------------------------

   -------------------------------------------------------------------------
--

               ********************************************
               *  D E S I G N  C Y C L E     23 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  246
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ****************************************************
               *  D E S I G N  C Y C L E     24 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  247
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              9.331749E-06
                    SYSTEM VOLUME            1.196378E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  248
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  249
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                       S O L U T I O N   R E S I D U A L S
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 LOADCASE        1 ; RESIDUAL : -2.526376E-11 ; STRAIN ENERGY :  3.749274E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  250
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  251
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  4.7625E-09 -7.5720E-09 -1.0000E+03 -1.2000E+04  2.9000E+04 -3.0235E-07
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  252
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  253
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       12     2.1546E+02  3.6672E-12 -1.2871E-01 -2.1546E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  254
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     8.4436E+00 -2.0543E+00  5.7757E-01  8.1695E+00
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  255
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ********************************************
               *  D E S I G N  C Y C L E     24 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  256
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ****************************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  257
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              9.331844E-06
                    SYSTEM VOLUME            1.196390E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  258
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  259
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -2.227341E-11 ; STRAIN ENERGY :  3.741135E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  260
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  261
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  2.4642E-08 -1.6477E-09 -1.0000E+03 -1.2000E+04  2.9000E+04 -4.3293E-07
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  262
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  263
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       12     2.0947E+02 -2.8948E-12 -1.4242E-01 -2.0947E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  264
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     8.4254E+00 -2.0535E+00  5.7383E-01  8.1512E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  265
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
 LOADING CONDITION IS UNSYMMETRIC                                        

               ********************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 11:42  PAGE  266
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED BRACKET      
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               ********************************************
               *  D E S I G N  C Y C L E     25 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.741135E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000000E-02    2.000000E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.196390E+03  UB   1.200000E+03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.9148E+03       100.0%
    1     1.3997E+04        50.0%
    2     3.3145E+04        12.5%
    3     3.9652E+04         0.0%
    4     3.5323E+04         0.0%
    5     3.3089E+04         0.0%
    6     3.1237E+04         0.0%
    7     2.8882E+04         0.0%
    8     2.5287E+04         0.0%
    9     2.0701E+04         0.0%
   10     1.5499E+04         0.0%
   11     1.1107E+04         0.0%
   12     7.9575E+03         0.0%
   13     6.1724E+03         0.0%
   14     5.2499E+03         0.0%
   15     4.7504E+03         0.0%
   16     4.4431E+03         0.0%
   17     4.2520E+03         0.0%
   18     4.1284E+03         0.0%
   19     4.0454E+03         0.0%
   20     3.9690E+03         0.0%
   21     3.8840E+03         0.0%
   22     3.8028E+03         0.0%
   23     3.7646E+03         0.0%
   24     3.7493E+03         0.0%
   25     3.7411E+03         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
               T3

    0     1.0000E+00 
    1     7.5000E-01 
    2     5.6250E-01 
    3     4.2188E-01 
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    4     3.1641E-01 
    5     2.1645E-01 
    6     1.1665E-01 
    7     9.3319E-02 
    8     8.6258E-02 
    9     6.6978E-02 
   10     4.3467E-02 
   11     1.5206E-02 
   12     1.0005E-02 
   13     1.0000E-02 
   14     1.0000E-02 
   15     1.0000E-02*
   16     1.0000E-02*
   17     1.0000E-02*
   18     1.0000E-02*
   19     1.0000E-02*
   20     1.0000E-02*
   21     1.0000E-02*
   22     1.0000E-02*
   23     1.0000E-02*
   24     1.0000E-02*
   25     1.0000E-02*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
 ***** THERE WERE        2 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.71 Topometry Optimization with Extrusion and Mirror 
Symmetry 

D071

Design Data Used:
DOBJ, DCONS, DSPLIT(SYM), DVPROP3, DVAR, DRESP1

Special Features Used:
SYM option in DSPLIT data entry to enforce extrucion and  mirror symmetries. 

Problem Statement:
The hat structure is fixed on its two ends  and is designed to be as stiff as possible to carry an 
unsymmeric point load on on its top. 

Design Problem: 
Find the thickness ditribution of the hat structure that minimizes the strain energy and satifies a   
mass constraint. The thickness distribution results needs to be symmetric with respect a XZ plane 
that pass through its center of thestrucre

Problem Description:
1. The designable region  was discretized with 2400 CQUAD4 elements. 
2. A Point load was applied on the top of the structure. The location of the load has an 

offset from the middle  point as shown in the picture above. 
3. The grids on the ends are restrictred to move in  all  6 dof..
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Results:
The following figure shows the final thickness distribution using both colours and actual thickess 
as revealed by the SSOL command. In the figure, red represents the highest possible thickness 
and blue the lowest. 

Final Solution
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2.71.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D071.dat and is provide with the installation CD.

ID D071
----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 16:25
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED
SUBTITLE = LOADING CONDITION IS UNSYMMETRIC
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DPRINT = FLAST
THICKNESS = POST
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = CENTER Z LOAD
   SPC = 1
   LOAD = 1
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T3"
DVAR           1      T31.0000001.0000-22.000000                
DVPROP3        1       3   SOLID       1
+              1
DSPLIT         3
+       SYM            1     MZX      EX                                
DOBJ           1    Obj1       1        
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$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1 SENERGY                        
DCONS          2                1200.000
$HMNAME RESP        2 "Cons1"
DRESP1         2   Cons1  VOLUME                        
$
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2.71.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2005           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611170944 BETA

     PROJECT NAME: D071
     RUN STARTED:  Nov 17, 2006 13:20
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:20  PAGE    1
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED              
 LOADING CONDITION IS UNSYMMETRIC                                        

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED              
 SUBTITLE = LOADING CONDITION IS UNSYMMETRIC                                     
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DPRINT = FLAST                                                                  
 THICKNESS = POST                                                                
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 1                                                                      
    LABEL = CENTER Z LOAD                                                        
    SPC = 1                                                                      
    LOAD = 1                                                                     
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
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 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

      
     WARNING MESSAGE FROM GN1245:
     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
     SPC/SPC1              62         124
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   2511
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:       2400
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      2400
                   NUMBER OF ELEMENT PROPERTIES:             180
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:           14879

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     180
                  TOTAL NUMBER OF DESIGN VARIABLES:           180
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.872000E-05
                    SYSTEM VOLUME            2.400000E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  6.633372E-10 ; STRAIN ENERGY :  5.914809E+03
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                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
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                      S P C F O R C E   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -2.8644E-07 -1.2595E-07 -1.0000E+03 -1.2000E+04  2.9000E+04 -3.1911E-06
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     4.4449E+01 -2.8544E-07 -2.5314E-01 -4.4448E+01
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     1.2670E+01 -3.2311E+00  4.9058E-01  1.2241E+01
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  5.914809E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000000E+00    2.000000E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             2.400000E+03  UB   1.200000E+03   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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1

----------------------------------------
Cut to save space. File D071.dat provided with installation CD>
----------------------------------------

               ********************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E     25 (DESIGN)  *
               ********************************************
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  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.741212E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000000E-02    2.000000E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.196742E+03  UB   1.200000E+03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:20  PAGE  268
 TOPOMETRY OPTIMIZATION  WITH DOUBLE SYMMETRY OF HAT SHAPED              
 LOADING CONDITION IS UNSYMMETRIC                                        

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION
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    0     5.9148E+03       100.0%
    1     1.3997E+04        50.0%
    2     3.3145E+04        12.5%
    3     4.0546E+04         0.0%
    4     4.1689E+04         0.0%
    5     3.9843E+04         0.0%
    6     3.9102E+04         0.0%
    7     3.6640E+04         0.0%
    8     3.3511E+04         0.0%
    9     2.9463E+04         0.0%
   10     2.4965E+04         0.0%
   11     2.0450E+04         0.0%
   12     1.6327E+04         0.0%
   13     1.2796E+04         0.0%
   14     9.8751E+03         0.0%
   15     7.8806E+03         0.0%
   16     6.7551E+03         0.0%
   17     5.9801E+03         0.0%
   18     5.4237E+03         0.0%
   19     4.9012E+03         0.0%
   20     4.4580E+03         0.0%
   21     4.2059E+03         0.0%
   22     3.9874E+03         0.0%
   23     3.8425E+03         0.0%
   24     3.7649E+03         0.0%
   25     3.7412E+03         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
               T3

    0     1.0000E+00 
    1     7.5000E-01 
    2     5.6250E-01 
    3     4.2188E-01 
    4     3.9260E-01 
    5     3.9734E-01 
    6     3.6890E-01 
    7     3.4121E-01 
    8     2.9136E-01 
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    9     2.4143E-01 
   10     1.9143E-01 
   11     1.4145E-01 
   12     9.1458E-02 
   13     4.1460E-02 
   14     1.0005E-02 
   15     1.0000E-02 
   16     1.0000E-02 
   17     1.0000E-02 
   18     1.0000E-02 
   19     1.0000E-02 
   20     1.0000E-02 
   21     1.0000E-02 
   22     1.0000E-02*
   23     1.0000E-02*
   24     1.0000E-02*
   25     1.0000E-02*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
 ***** THERE WERE        2 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.72 Topometry Optimization with Multiple Sets of Extrusion 
and Mirror Symmetry Conditions 

D072

Design Data Used:
DOBJ, DCONS, DSPLIT(SYM), DVPROP3, DVAR, DRESP1

Special Features Used:
SYM option in DSPLIT data entry to enforce extrucion and  mirror symmetries. 

Problem Statement:
The hat structure is fixed on its two ends  and is designed to be as stiff as possible to carry an 
unsymmeric point load on on its top. 

Design Problem: 
Find the thickness ditribution of the hat structure that minimizes the strain energy and satifies a   
mass constraint. The thickness distribution results needs to be symmetric with respect a XZ plane 
that pass through its center of thestrucre

Problem Description:
1. The designable region  was discretized with 2400 CQUAD4 elements. 
2. A Point load was applied on the top of the structure. The location of the load has an 

offset from the middle  point as shown in the picture above. 
3. The grids on the ends are restrictred to move in  all  6 dof..
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Results:
The following figure shows the final thickness distribution using both colours and actual thickess 
as revealed by the SSOL command. In the figure, red represents the highest possible thickness 
and blue the lowest. 

Figure 2-26Final Solution
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2.72.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D072.dat and is provide with the installation CD.

ID D072
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-06)
$ Exported on 2006-11-16 17:20
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION 
SUBTITLE =  WITH MULTIPLE SETS AND TYPES OF SYMMETRIS 
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DPRINT = FLAST
THICKNESS = POST
SSOL = YES,FIXNORM
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = CENTER Z LOAD
   SPC = 1
   LOAD = 1
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T3"
DVAR           1      T31.0000001.0000-22.000000                
$HMNAME DVAR        3 "T4"
DVAR           3      T31.0000001.0000-22.000000                
$HMNAME DVAR        4 "T5"
DVAR           4      T31.0000001.0000-22.000000                
DVPROP3        1       3   SOLID       1
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+              1
DVPROP3        2       4   SOLID       1
+              3
DVPROP3        3       5   SOLID       1
+              4
DSPLIT         3
+       SYM            1     MZX      EZ                                
DSPLIT         4
+       SYM            1      EX     MZX                                
DSPLIT         5
+       SYM            1      EX     MZX                                
DOBJ           1    Obj1       1        
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1 SENERGY                        
DCONS          2                1200.000
$HMNAME RESP        2 "Cons1"
DRESP1         2   Cons1  VOLUME                        
$
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2.72.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2005           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611170944 BETA

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    1
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                   ***   I N P U T   D A T A    E C H O   ***
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                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 SUBTITLE =  WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                           
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DPRINT = FLAST                                                                  
 THICKNESS = POST                                                                
 SSOL = YES,FIXNORM                                                              
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 1                                                                      
    LABEL = CENTER Z LOAD                                                        
    SPC = 1                                                                      
    LOAD = 1                                                                     
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    2
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

      
     WARNING MESSAGE FROM GN1245:
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     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
     SPC/SPC1              62         124

  
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    3
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   2511
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:       2400
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      2400
                   NUMBER OF ELEMENT PROPERTIES:              60
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:           14879

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      60
                  TOTAL NUMBER OF DESIGN VARIABLES:            60
                  NUMBER OF DIRECT RESPONSES:                   2
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    4
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    5
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.872000E-05
                    SYSTEM VOLUME            2.400000E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    6
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    7
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  6.596677E-10 ; STRAIN ENERGY :  5.914809E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    8
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE    9
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -2.8643E-07 -1.2446E-07 -1.0000E+03 -1.2000E+04  2.9000E+04 -3.3745E-06
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   10
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   11
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     4.4449E+01 -2.8580E-07 -2.5314E-01 -4.4448E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   12
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     1.2670E+01 -3.2311E+00  4.9058E-01  1.2241E+01
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   13
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   14
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.914809E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
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   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000000E+00    2.000000E+00
          3     T3          1.000000E-02    1.000000E+00    2.000000E+00
          4     T3          1.000000E-02    1.000000E+00    2.000000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   15
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             2.400000E+03  UB   1.200000E+03   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE   16
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

-----------------------------------------------
Intentionally cut to reduce space
-----------------------------------------------

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  226
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ****************************************************
               *  D E S I G N  C Y C L E     22 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  227
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              9.331704E-06
                    SYSTEM VOLUME            1.196372E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
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1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  228
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   6.000E+01  3.000E+01  1.000E+01  1.800E+03  3.000E+02  6.000E+02  1.800E+04

1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  229
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -1.528408E-11 ; STRAIN ENERGY :  3.559974E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  230
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+03  1.2000E+04 -2.9000E+04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  231
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  7.4544E-08 -5.0111E-09 -1.0000E+03 -1.2000E+04  2.9000E+04 -1.2301E-06
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  232
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1284     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  233
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               
1306 Design Examples Manual November 2009 GENESIS



                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       13     1.2067E+02  1.1831E-12 -1.6916E-02 -1.2067E+02
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  234
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1303     7.6971E+00 -2.0383E+00  3.2294E-01  7.4153E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  235
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ********************************************
               *  D E S I G N  C Y C L E     22 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  236
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

               ********************************************
               *  D E S I G N  C Y C L E     22 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.559974E+03

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          1.000000E-02    1.000005E-02    2.000000E+00
          3     T3          1.000000E-02    1.000007E-02    2.000000E+00
          4     T3          1.000000E-02    1.000004E-02    2.000000E+00
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  237
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               
GENESIS November 2009 Design Examples Manual 1307



  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           0  SYS             1.196372E+03  UB   1.200000E+03   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  238
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 5.915E+00 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  239
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.9148E+03       100.0%
    1     1.3997E+04        50.0%
    2     3.3145E+04        12.5%
    3     4.0748E+04         0.0%
    4     4.0643E+04         0.0%
    5     3.9430E+04         0.0%
    6     3.6922E+04         0.0%
    7     3.1489E+04         0.0%
    8     2.3814E+04         0.0%
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    9     1.5837E+04         0.0%
   10     9.7999E+03         0.0%
   11     6.9240E+03         0.0%
   12     5.5081E+03         0.0%
   13     4.5297E+03         0.0%
   14     4.1096E+03         0.0%
   15     3.8764E+03         0.0%
   16     3.7188E+03         0.0%
   17     3.6514E+03         0.0%
   18     3.6055E+03         0.0%
   19     3.5777E+03         0.0%
   20     3.5619E+03         0.0%
   21     3.5609E+03         0.0%
   22     3.5600E+03         0.0%
1GENESIS   VERSION  9.0                   DATE 11-17-2006  TIME 13:26  PAGE  240
 HAT SHAPED BRACKET DESIGN USING TOPOMETRY OPTIMIZATION                  
 WITH MULTIPLE SETS AND TYPES OF SYMMETRIS                               

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE
                1             3             4
               T3            T3            T3

    0     1.0000E+00    1.0000E+00    1.0000E+00 
    1     7.5000E-01    7.5000E-01    7.5000E-01 
    2     5.6250E-01    5.6250E-01    5.6250E-01 
    3     5.1420E-01    4.2191E-01    6.1887E-01 
    4     5.4037E-01    4.0660E-01    5.3706E-01 
    5     4.2258E-01    4.1340E-01    5.2629E-01 
    6     3.8470E-01    3.7859E-01    3.9950E-01 
    7     2.8472E-01    3.3746E-01    2.9956E-01 
    8     1.8475E-01    2.4501E-01    1.9959E-01 
    9     8.4768E-02    1.4512E-01    9.9605E-02 
   10     1.2426E-02    4.5162E-02    1.0077E-02 
   11     1.0000E-02    1.0006E-02    1.0000E-02 
   12     1.0000E-02    1.0000E-02    1.0000E-02 
   13     1.0000E-02    1.0000E-02*   1.0000E-02*
   14     1.0000E-02    1.0000E-02*   1.0000E-02*
   15     1.0000E-02    1.0000E-02    1.0000E-02*
   16     1.0000E-02    1.0000E-02*   1.0000E-02*
   17     1.0000E-02    1.0000E-02    1.0000E-02*
   18     1.0000E-02*   1.0000E-02*   1.0000E-02 
   19     1.0000E-02    1.0000E-02    1.0000E-02*
   20     1.0000E-02    1.0000E-02    1.0000E-02 
   21     1.0000E-02    1.0000E-02*   1.0000E-02*
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   22     1.0000E-02    1.0000E-02    1.0000E-02 

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.73 Topography Optimization of Multiple Regions and with 
Multiple Sets of Extrusion, Cyclic, Axisymmetric and 
Mirror Symmetry Constraints 

D073

Design Data Used:
DOBJ, DCONS, DTGRID(SYM), DRESP1

Special Features Used:
SYM option in DTGRID data entry to enforce different types of symmetries. 

Problem Statement:
Each of the 6 individual plate structures is fixed on one its two short sides  and has to carry a 
bending  load on on its opposite side. Each plate has a differenet set of fabrication constraints. 
Each plate is designed to be as stiff as possible
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Design Problem: 
Find the shape of each of the 6 plates  that minimizes the strain energy, satifies 6 individual   mass 
constraints and 6 individual and different sets of manufacturing constraints. 

Problem Description:
1. Six plates structures modeled using CQUAD4 elements.  
2.  Point load were applied on one of the edges of each of the 6 plates structure. . 
3. The grids on 6 ends are restrictred to move in  all  6 dof..

Results:
The following figure shows the final topography optimized shapes  In the figure, red represents 
the highest possible movements and blue the lowest. Each shape is different because each plate 
has different fabrication constraint

Figure 2-27Final Solutions
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2.73.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D073.dat and is provide with the installation CD.

ID D073
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.0 (2008-03-11)
$ Exported on 2008-03-24 18:33
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
UPRINT = ALL
SHAPE = POST
DVGRID = PRINT
$
$ Loadcase definitions
$
SUBCASE 20
   LABEL = TORSION LOAD
   SPC = 201
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
PARAM    SHAPECK       0
DOPT          30
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
DTGRID         1   TP_P4PSHELL         4EDGE            
+       SHAPE   CONE    .8000000.1000000        
+       SYM            2     MYZ     MZX     MXY                
+       DVAR    .1000000                                
DTGRID         2       5PSHELL         5EDGE            
+       SHAPE   CONE    .8000000                
+       SYM            3      EX     MZX                        
+       DVAR    .1000000                                
DTGRID         3       6PSHELL         6                
GENESIS November 2009 Design Examples Manual 1313



+       SHAPE   CONE    .80000001.0000001.200000
+       SYM            4      CZ                       4        
+       DVAR    .1000000                                
DTGRID         4       7PSHELL         7                
+       SHAPE   CONE    .80000001.0000001.000000
+       SYM            5      CZ                                
+       DVAR    .1000000                                
DTGRID         5       8PSHELL         8EDGE            
+       SHAPE   CONE    .80000001.0000001.200000
+       SYM            6      CZ                       4        
+       DVAR    .1000000                                
+       NDGRID      2118    2126    2280    2288
DTGRID         6       9PSHELL         9                
+       SHAPE   LINE    .8000000                
DOBJ         100 SENERGY                
$HMNAME RESP      100 "SENERGY"
DRESP1       100 SENERGY SENERGY                        
DCONS        201                175.0000
$HMNAME RESP      201 "Cons2"
DRESP1       201   Cons2  VOLUME    PROP                       4
DCONS        202                175.0000
$HMNAME RESP      202 "Copy of Cons2"
DRESP1       202yofCons2  VOLUME    PROP                       5
DCONS        203                175.0000
$HMNAME RESP      203 "Copy of Cons2"
DRESP1       203yofCons2  VOLUME    PROP                       6
DCONS        204                175.0000
$HMNAME RESP      204 "Copy of Cons2"
DRESP1       204yofCons2  VOLUME    PROP                       7
DCONS        205                175.0000
$HMNAME RESP      205 "YOFCONS2"
DRESP1       205YOFCONS2  VOLUME    PROP                       8
DCONS        206                175.0000
$HMNAME RESP      206 "YOFCONS2"
DRESP1       206YOFCONS2  VOLUME    PROP                       9
$
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2.73.2 Ouput
1
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200803241716 BETA

     PROJECT NAME: D073
     RUN STARTED:  Mar 24, 2008 18:42
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS             
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 UPRINT = ALL                                                                    
 SHAPE = POST                                                                    
 DVGRID = PRINT                                                                  
                                                                                 
                                                                                 
                                                                                 
 SUBCASE 20                                                                      
    LABEL = TORSION LOAD                                                         
    SPC = 201                                                                    
    LOAD = 201                                                                   
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                           ---  BULKDATA SECTION  ---
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 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 PARAM   SHAPECK 0                                                               
 DOPT    30                                                                      
 ENDDATA

                                TOPOGRAPHY  SUMMARY         
                    
                  NUMBER OF TOPOGRAPHY REGIONS:                6
                  ADDED NUMBER OF INDEPENDENT VARIABLES:     275
                  ADDED NUMBER OF DEPENDENT VARIABLES:       448
                  TOTAL NUMBER OF ADDED DVAR DATA:           723
                  TOTAL NUMBER OF ADDED DVGRID DATA:        6924
                  TOTAL NUMBER OF ADDED DLINK DATA:          448
                  ADDED NUMBER DLINK COEFFICIENTS:           581
      

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   1026
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         6
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        864
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       864
                   NUMBER OF ELEMENT PROPERTIES:               6
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            5832
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                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     SENERGY 
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     275
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:     448
                  TOTAL NUMBER OF DESIGN VARIABLES:           723
                  NUMBER OF SHAPE DESIGN VARIABLES:           578
                  NUMBER OF DIRECT RESPONSES:                   7
                  NUMBER OF POTENTIAL CONSTRAINTS:             12

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE    5
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.741900E-06
                    SYSTEM VOLUME            8.643462E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.301E-01  1.120E+03  3.643E+00  5.204E+00  1.457E+02
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.419569E-12 ; STRAIN ENERGY :  3.315341E+00
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                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
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                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  2.5022E-12  1.7829E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -2.3222E-11
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      463     4.2481E+00  2.4571E+00 -4.3021E-14 -3.4654E+00
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     2103     1.2302E-01  1.4839E-04  4.2682E-12  1.2302E-01
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.315341E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.440107E+02  UB   1.750000E+02   I
    VOLUME           5 PROP             1.440186E+02  UB   1.750000E+02   I
    VOLUME           6 PROP             1.442386E+02  UB   1.750000E+02   I
    VOLUME           7 PROP             1.440487E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.440190E+02  UB   1.750000E+02   I
    VOLUME           9 PROP             1.440106E+02  UB   1.750000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).
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      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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               ****************************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS SUMMARY)*
               ****************************************************
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.762844E-06
                    SYSTEM VOLUME            8.670313E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  3.625E-01  1.120E+03  1.015E+01  1.450E+01  4.060E+02
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -9.874543E-13 ; STRAIN ENERGY :  3.213491E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
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                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  2.3876E-12 -3.6934E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -1.9164E-10
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      463     3.4172E+01  3.4008E+01  2.7267E-13 -3.3447E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   24
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2455     1.2300E-01  1.5537E-05  7.2148E-05  1.2300E-01
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               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   26
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
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               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.213491E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.440351E+02  UB   1.750000E+02   I
    VOLUME           5 PROP             1.463090E+02  UB   1.750000E+02   I
    VOLUME           6 PROP             1.443302E+02  UB   1.750000E+02   I
    VOLUME           7 PROP             1.443196E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.440229E+02  UB   1.750000E+02   I
    VOLUME           9 PROP             1.440144E+02  UB   1.750000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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               ****************************************************
               *  D E S I G N  C Y C L E      2 (ANALYSIS SUMMARY)*
               ****************************************************
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.824864E-06
                    SYSTEM VOLUME            8.749826E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  6.700E-01  1.120E+03  1.876E+01  2.680E+01  7.505E+02
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.267940E-13 ; STRAIN ENERGY :  2.967696E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
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                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -3.0844E-12  1.8282E-11 -5.4000E+01 -8.6400E+02  1.5660E+03  3.2662E-10
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                    M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      463     4.4303E+01  4.4207E+01  5.0626E-13 -2.9191E+00
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2455     1.2285E-01  2.2270E-05  1.0588E-04  1.2285E-01
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               ********************************************
               *  D E S I G N  C Y C L E      2 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      2 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.967696E+00
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  CONSTRAINT

                         MASS,VOLUME         
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   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.454428E+02  UB   1.750000E+02   I
    VOLUME           5 PROP             1.513497E+02  UB   1.750000E+02   I
    VOLUME           6 PROP             1.453936E+02  UB   1.750000E+02   I
    VOLUME           7 PROP             1.444636E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.442823E+02  UB   1.750000E+02   I
    VOLUME           9 PROP             1.440505E+02  UB   1.750000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      3 (ANALYSIS SUMMARY)*
               ****************************************************
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.984794E-06
                    SYSTEM VOLUME            8.954864E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y
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    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  9.900E-01  1.120E+03  2.772E+01  3.960E+01  1.109E+03
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.300343E-12 ; STRAIN ENERGY :  2.512914E+00
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   45
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.5184E-11 -7.2341E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -4.3370E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   46
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   47
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20      463     4.0747E+01  4.0679E+01 -7.4785E-13 -2.3528E+00
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   48
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.2015E-01  7.4028E-04 -9.6031E-09  1.2015E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   49
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      3 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   50
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      3 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.512914E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   51
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.493785E+02  UB   1.750000E+02   I
    VOLUME           5 PROP             1.585757E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.497209E+02  UB   1.750000E+02   I
    VOLUME           7 PROP             1.448806E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.466639E+02  UB   1.750000E+02   I
    VOLUME           9 PROP             1.462666E+02  UB   1.750000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   52
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      4 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   53
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.247190E-06
                    SYSTEM VOLUME            9.291270E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   54
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.310E+00  1.120E+03  3.668E+01  5.240E+01  1.467E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   55
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.380138E-12 ; STRAIN ENERGY :  2.060590E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   56
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   57
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  7.7889E-12 -8.6513E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -3.0266E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   58
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   59
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1365     3.8635E+01  3.8620E+01 -6.1132E-03 -1.0968E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   60
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1829E-01  9.1871E-04 -1.2654E-08  1.1829E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   61
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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               ********************************************
               *  D E S I G N  C Y C L E      4 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   62
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      4 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.060590E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   63
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.558324E+02  UB   1.750000E+02   I
    VOLUME           5 PROP             1.671869E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.562925E+02  UB   1.750000E+02   I
    VOLUME           7 PROP             1.455280E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.520967E+02  UB   1.750000E+02   I
    VOLUME           9 PROP             1.521905E+02  UB   1.750000E+02   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   64
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      5 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   65
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.564038E-06
                    SYSTEM VOLUME            9.697485E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   66
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.528E+00  1.120E+03  4.278E+01  6.112E+01  1.711E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   67
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.749211E-12 ; STRAIN ENERGY :  1.727229E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   68
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   69
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.3370E-11  2.5841E-13 -5.4000E+01 -8.6400E+02  1.5660E+03 -7.9901E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   70
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   71
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2119     3.7517E+01 -3.7435E+01  1.2681E+00 -2.1227E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   72
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1628E-01  1.0597E-03 -3.5525E-09  1.1628E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   73
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      5 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   74
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      5 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  1.727229E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   75
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.639591E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.737018E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.653121E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.463524E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.589333E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.614898E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   76
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      6 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   77
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y
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                    SYSTEM MASS              7.818647E-06
                    SYSTEM VOLUME            1.002391E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   78
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   79
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -4.178228E-12 ; STRAIN ENERGY :  1.527063E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   80
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   81
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.4996E-11  1.7006E-11 -5.4000E+01 -8.6400E+02  1.5660E+03 -2.6224E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   82
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   83
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     4.6310E+01  4.6017E+01  3.6461E+00  3.7090E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   84
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1599E-01  1.0890E-03  2.9122E-08  1.1598E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   85
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      6 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   86
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      6 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.527063E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   87
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
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    VOLUME           4 PROP             1.703709E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.746114E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.733054E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.464806E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.668357E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.707867E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   88
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   89
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.943143E-06
                    SYSTEM VOLUME            1.018352E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   90
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   91
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.113508E-12 ; STRAIN ENERGY :  1.447502E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   92
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   93
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  7.9004E-12  2.4129E-12 -5.4000E+01 -8.6400E+02  1.5660E+03  1.4895E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   94
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   95
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     5.1920E+01  5.1067E+01  5.8413E+00  7.3293E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   96
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1590E-01  1.1086E-03  5.8784E-08  1.1590E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   97
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      7 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   98
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      7 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.447502E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE   99
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.746560E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.742579E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.748329E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.466087E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.731486E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.748475E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
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     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  100
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      8 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  101
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.954213E-06
                    SYSTEM VOLUME            1.019771E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  102
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  103
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -1.301838E-12 ; STRAIN ENERGY :  1.430181E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  104
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  105
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  3.0204E-12  1.0786E-11 -5.4000E+01 -8.6400E+02  1.5660E+03  7.2803E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  106
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  107
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     5.2959E+01  5.1982E+01  7.1005E+00  7.2184E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  108
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1581E-01  1.1348E-03  1.0948E-07  1.1580E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  109
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      8 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  110
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      8 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.430181E+00
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.746280E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.743921E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.746897E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.467986E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.746526E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.746099E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190341
     THE ELEMENT SHAPE CHARACTERISTICS WERE NOT VERIFIED
     BECAUSE PARAM,SHAPECK,0 (OR DIAG=192) IS USED IN
     THE INPUT DATA. IT IS STRONGLY RECOMMENDED NOT TO USE
     PARAM,SHAPECK,0 (OR DIAG=192).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  112
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
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               *  D E S I G N  C Y C L E      9 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  113
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.953616E-06
                    SYSTEM VOLUME            1.019694E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  114
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  115
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.436782E-12 ; STRAIN ENERGY :  1.413837E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  116
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  117
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -1.2096E-11 -6.2450E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -1.7490E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  118
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  119
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     5.2544E+01  5.1542E+01  8.3485E+00  5.8771E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  120
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1595E-01  1.1383E-03  1.3625E-07  1.1595E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  121
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      9 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  122
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      9 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.413837E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  123
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744877E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744731E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.746338E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.468100E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.745996E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.746901E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  124
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  125
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.954053E-06
                    SYSTEM VOLUME            1.019750E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  126
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  127
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.966960E-12 ; STRAIN ENERGY :  1.406598E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  128
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  129
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  4.9252E-12 -1.6777E-11 -5.4000E+01 -8.6400E+02  1.5660E+03 -3.5190E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  130
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  131
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     5.1660E+01  5.0821E+01  8.3725E+00  3.9818E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  132
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1581E-01  1.1468E-03  1.4343E-07  1.1581E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  133
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  134
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.406598E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  135
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744830E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744680E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.746354E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.468903E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.746389E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.746347E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  136
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  137
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.951634E-06
                    SYSTEM VOLUME            1.019440E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  138
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  139
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.428618E-12 ; STRAIN ENERGY :  1.399755E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  140
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  141
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

      20  5.1490E-12  8.3027E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -1.3831E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  142
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  143
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     4.9997E+01  4.9330E+01  8.0292E+00  1.3514E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  144
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1594E-01  1.1384E-03  1.3497E-07  1.1594E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  145
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  146
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  1.399755E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  147
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744848E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744576E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.745587E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.468120E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.745287E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.745985E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  148
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     12 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  149
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.952529E-06
                    SYSTEM VOLUME            1.019555E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  150
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y
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    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  151
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.995482E-12 ; STRAIN ENERGY :  1.397242E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  152
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  153
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.0671E-12 -1.1262E-11 -5.4000E+01 -8.6400E+02  1.5660E+03 -2.4565E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  154
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  155
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2291     4.6584E+01  4.5952E+01  7.5983E+00  8.2743E-01
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  156
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1574E-01  1.1507E-03  1.4607E-07  1.1573E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  157
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     12 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  158
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     12 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.397242E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  159
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744666E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744757E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.745596E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469294E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.745096E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.746140E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  160
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     13 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  161
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.948551E-06
                    SYSTEM VOLUME            1.019045E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  162
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  163
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.448263E-12 ; STRAIN ENERGY :  1.392574E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  164
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  165
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  9.1492E-12  2.5751E-11 -5.4000E+01 -8.6400E+02  1.5660E+03  6.6129E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  166
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  167
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.3412E+01  4.3098E+01 -5.1793E+00 -6.0421E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  168
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1598E-01  1.1379E-03  1.3768E-07  1.1597E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  169
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     13 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  170
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
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               *  D E S I G N  C Y C L E     13 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.392574E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  171
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.742114E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744594E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.745199E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.468047E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.744501E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.745996E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  172
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  173
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.952670E-06
                    SYSTEM VOLUME            1.019573E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  174
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  175
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -6.442182E-12 ; STRAIN ENERGY :  1.397370E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  176
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  177
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -6.5883E-12  1.4040E-12 -5.4000E+01 -8.6400E+02  1.5660E+03  1.6415E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  178
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  179
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
1356 Design Examples Manual November 2009 GENESIS



                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.5879E+01  4.5579E+01 -5.1776E+00  7.6297E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  180
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1575E-01  1.1506E-03  1.4671E-07  1.1574E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  181
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  182
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     14 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.397370E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  183
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.745035E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744346E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.745543E+02  UB   1.750000E+02   A
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    VOLUME           7 PROP             1.469278E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.745613E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.745917E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  184
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     15 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  185
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.950396E-06
                    SYSTEM VOLUME            1.019282E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  186
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  187
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.991018E-12 ; STRAIN ENERGY :  1.389591E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  188
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  189
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.0889E-12 -4.8380E-12 -5.4000E+01 -8.6400E+02  1.5660E+03 -8.9366E-11
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  190
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  191
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.6571E+01  4.6276E+01 -5.1552E+00  9.0616E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  192
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1574E-01  1.1506E-03  1.4610E-07  1.1574E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  193
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     15 (ANALYSIS)*
               ********************************************
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  194
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     15 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.389591E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  195
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744855E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.743437E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.744907E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469286E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.745242E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.745089E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  196
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     16 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  197
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.951283E-06
                    SYSTEM VOLUME            1.019395E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  198
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  199
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -6.032839E-12 ; STRAIN ENERGY :  1.393234E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  200
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  201
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  9.4353E-12  8.3410E-12 -5.4000E+01 -8.6400E+02  1.5660E+03  2.2470E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  202
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  203
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.6652E+01  4.6357E+01 -5.1632E+00  9.0280E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  204
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1575E-01  1.1504E-03  1.4607E-07  1.1574E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  205
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     16 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  206
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     16 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.393234E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  207
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
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   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744805E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744617E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.744760E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469259E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.744896E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.745614E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  208
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     17 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  209
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.950765E-06
                    SYSTEM VOLUME            1.019329E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  210
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  211
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -5.504488E-12 ; STRAIN ENERGY :  1.388036E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  212
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  213
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  9.2453E-12  8.2532E-12 -5.4000E+01 -8.6400E+02  1.5660E+03  4.3381E-12
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  214
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  215
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.6852E+01  4.6562E+01 -5.1232E+00  9.4494E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  216
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1574E-01  1.1508E-03  1.4626E-07  1.1573E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  217
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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               ********************************************
               *  D E S I G N  C Y C L E     17 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  218
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     17 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.388036E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  219
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744790E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744456E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.744855E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469297E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.744918E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.744973E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  220
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     18 (ANALYSIS SUMMARY)*
               ****************************************************
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1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  221
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.949969E-06
                    SYSTEM VOLUME            1.019227E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  222
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  223
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.740674E-12 ; STRAIN ENERGY :  1.388312E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  224
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  225
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20 -3.3238E-12 -1.1533E-11 -5.4000E+01 -8.6400E+02  1.5660E+03 -2.9750E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  226
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  227
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.7107E+01  4.6821E+01 -5.1160E+00  8.2723E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  228
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2113     1.1579E-01  1.1479E-03  1.4455E-07  1.1579E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  229
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     18 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  230
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     18 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.388312E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  231
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT
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                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744792E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744643E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.744146E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469010E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.744794E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.744883E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  232
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E     19 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  233
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.951029E-06
                    SYSTEM VOLUME            1.019363E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  234
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.800E+01  1.600E+00  1.120E+03  4.480E+01  6.400E+01  1.792E+03

1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  235
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -3.289766E-12 ; STRAIN ENERGY :  1.387199E+00
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  5.4000E+01  8.6400E+02 -1.5660E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  237
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  1.2631E-11 -1.7037E-11 -5.4000E+01 -8.6400E+02  1.5660E+03 -7.5708E-10
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  238
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     1197     1.0000E+00  0.0000E+00  0.0000E+00  1.0000E+00
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     2292     4.7228E+01  4.6943E+01 -5.1202E+00  7.7976E-01
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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      20     2113     1.1574E-01  1.1507E-03  1.4639E-07  1.1574E-01
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  241
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     19 (ANALYSIS)*
               ********************************************
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     19 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.387199E+00
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    VOLUME           4 PROP             1.744851E+02  UB   1.750000E+02   A
    VOLUME           5 PROP             1.744954E+02  UB   1.750000E+02   A
    VOLUME           6 PROP             1.744784E+02  UB   1.750000E+02   A
    VOLUME           7 PROP             1.469291E+02  UB   1.750000E+02   I
    VOLUME           8 PROP             1.744877E+02  UB   1.750000E+02   A
    VOLUME           9 PROP             1.744869E+02  UB   1.750000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       ***********************************
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                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 3.315E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.0                   DATE 03-24-2008  TIME 18:42  PAGE  245
 MULTIPLE TOPOGRAPHY REGIONS WITH MANUFACTURING CONSTRAINTS              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.3153E+00         0.0%
    1     3.2135E+00         0.0%
    2     2.9677E+00         0.0%
    3     2.5129E+00         0.0%
    4     2.0606E+00         0.0%
    5     1.7272E+00         0.0%
    6     1.5271E+00         0.0%
    7     1.4475E+00         0.0%
    8     1.4302E+00         0.0%
    9     1.4138E+00         0.0%
   10     1.4066E+00         0.0%
   11     1.3998E+00         0.0%
   12     1.3972E+00         0.0%
   13     1.3926E+00         0.0%
   14     1.3974E+00         0.0%
   15     1.3896E+00         0.0%
   16     1.3932E+00         0.0%
   17     1.3880E+00         0.0%
   18     1.3883E+00         0.0%
   19     1.3872E+00         0.0%

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        190341           20 *
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     (*) ONLY THE FIRST  10 WARNING MESSAGES FOR EACH WARNING
         CODE WERE PRINTED. TO PRINT ALL WARNING MESSAGES,
         USE DIAG=111.

 ***** THERE WERE       20 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.74 Three Rod Truss - Discrete Optimization Using DSCDOT

Example ID:
D074

Design Data Used:
DVAR, DVSET1, DVPROP1, DRESP1, DOBJ, DCONS 

Special Feature Used:
Discrete design variables optimmization using the DSCDOT optimizer.

Problem Statement:
The same as D001 except that the ROD areas can only take discrete values from 0.1 to 100.0 by 
increments of 0.3. This problem is also similar to D047. D047 is solved with BIGDOT  using Dis-
crete variables with increments of 0.1.

Design Problem:
a. 3 discrete design variables.
b. 2 load cases.
c. 3 stress constraints per load case.
d. 2 displacement constraints per load case

Design Data Relationships:

Results:
The DSCDOT final  mass is 2.928 and the areas are A1=1.0, A2=0.1, A3=1.0.
The continuos final  mass (D001) is 2.6325 and the areas are A1=0.83, A2=0.35, A3=0.83.
The BIGDOT (DSCDOT=0) final  mass is 3.228 and the areas are A1=1.0, A2=0.4, A3=1.0.

DVSET1  DVAR  DVPROP1 
DRESP1  DOBJ 
DRESP1  DCONS 
GENESIS November 2009 Design Examples Manual 1373



2.74.1 Input Data
ID D074
CEND
LINE = 64,80
TITLE = THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT
SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS
SPC = 100
DISP = ALL
STRESS = ALL
LOADCASE 1
LABEL = LOAD CONDITION 1
LOAD = 300
LOADCASE 2
LABEL = LOAD CONDITION 2
LOAD = 310
ECHO=BOTH(DOPT)
BEGIN BULK
$
$--- DESIGN MODEL DESCRIPTION
DOPT    15
+       DSTART  -1
+       DSCDOT  1
$
$ TO USE THE DSCDOT OPTIMIZER USE DSCDOT = 1
$ TO USE THE BIGDOT OPTIMIZER USE DSCDOT = 0
$
$ DISCRET SET DEFINITION
DVSET1 10.1 20.0 0.2
$
$ DESIGN VARIABLE DEFINITION
DVAR    1       A1      1.0     0.1     100.0
+       1
DVAR    2       A2      2.0     0.1     100.0
+       1
DVAR    3       A3      1.0     0.1     100.0
+       1
$ DESIGN VARIABLE TO ANALYSIS MODEL PROPERTY RELATIONSHIPS
DVPROP1 10      11      1
+DP1    1       1.0
DVPROP1 20      12      1
+DP2    2       1.0
DVPROP1 30      13      1
+DP3    3       1.0
$ RESPONSES
DRESP1  20      W       MASS
DRESP1  21      U4      DISP                    1       4
DRESP1  22      V4      DISP                    2       4
DRESP1  23      S1      STRESS  PROD            2       11
DRESP1  24      S2      STRESS  PROD            2       12
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DRESP1  25      S3      STRESS  PROD            2       13
$ OBJECTIVE FUNCTION
DOBJ    20      W               MIN
$ CONSTRAINTS
DCONS   21      ALL     -0.20   0.20
DCONS   22      ALL     -0.20   0.20
DCONS   23      ALL     -15000. 20000.
DCONS   24      ALL     -15000. 20000.
DCONS   25      ALL     -15000. 20000.
$
$---- ANALYSIS DATA
$
$ GRID DATA
GRID    1               -10.    0.0     0.0
GRID    2               0.0     0.0     0.0
GRID    3               10.0    0.0     0.0
GRID    4               0.0     -10.0   0.0
$ BOUNDARY CONDITION DATA
GRDSET                                                  3456
SPC1    100     123456  1       2       3
SPC1    100     3456    4
$ ELEMENT DATA
CROD    1       11      1       4
CROD    2       12      2       4
CROD    3       13      3       4
$ PROPERTY AND MATERIAL DATA
PROD    11      1       1.0
PROD    12      1       2.0
PROD    13      1       1.0
MAT1    1       1.0E+7          0.33    0.1
$ LOAD DATA
FORCE   300     4               19000.  0.8     -0.6
FORCE   310     4               20000.  -0.8    -0.6
$
ENDDATA
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2.74.2 Output Data
The output file is provided with your installation CD. 

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200804231046 BETA

     PROJECT NAME: D074
     RUN STARTED:  Apr 23, 2008 11:02
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
1376 Design Examples Manual November 2009 GENESIS



1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    1
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D074                                                                         
 CEND                                                                            
 LINE = 64,80                                                                    
 TITLE = THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 SUBTITLE = STRESS AND DISPLACEMENT CONSTRAINTS                                  
 SPC = 100                                                                       
 DISP = ALL                                                                      
 STRESS = ALL                                                                    
 LOADCASE 1                                                                      
 LABEL = LOAD CONDITION 1                                                        
 LOAD = 300                                                                      
 LOADCASE 2                                                                      
 LABEL = LOAD CONDITION 2                                                        
 LOAD = 310                                                                      
 ECHO=BOTH(DOPT)                                                                 
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    2
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $--- DESIGN MODEL DESCRIPTION                                                   
 DOPT    15                                                                      
 +       DSTART  -1                                                              
 +       DSCDOT  1                                                               
 ENDDATA

1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    3
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                      4
                   NUMBER OF CROD ELEMENTS:                    3
                   TOTAL NUMBER OF NON RIGID ELEMENTS:         3
                   NUMBER OF ELEMENT PROPERTIES:               3
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:               2

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     W       
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       3
                  NUMBER OF DISCRETE    DESIGN VARIABLES:       3
                  TOTAL NUMBER OF DESIGN VARIABLES:             3
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   2
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    4
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                         D O P T   I N F O R M A T I O N

 1------12------23------34------45------56------67------78------89------9X--
----X

 DOPT          15
 +       DSTART        -1DSCDOT         1                                
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    5
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
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                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.828427E+00
                    SYSTEM VOLUME            4.828427E+01
                    SYSTEM MASS/VOLUME       1.000000E-01
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    7
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.000E+01  1.000E+01  0.000E+00  2.000E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    8
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  4.088101E-17 ; STRAIN ENERGY :  1.873734E+02
 LOADCASE        2 ; RESIDUAL :  2.370829E-16 ; STRAIN ENERGY :  2.076160E+02
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE    9
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.5200E+04 -1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.5200E+05
       2 -1.6000E+04 -1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.6000E+05
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   10
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -1.5200E+04  1.1400E+04  0.0000E+00  0.0000E+00  0.0000E+00 -1.5200E+05
       2  1.6000E+04  1.2000E+04  0.0000E+00  0.0000E+00  0.0000E+00  1.6000E+05
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   11
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        4     1.9000E+04  1.5200E+04 -1.1400E+04  0.0000E+00
       2        4     2.0000E+04 -1.6000E+04 -1.2000E+04  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   12
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     1.2854E+04 -9.0889E+03  9.0889E+03  0.0000E+00
       2        3     1.3530E+04  9.5672E+03  9.5672E+03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   13
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        4     2.1905E-02  2.1496E-02 -4.2111E-03  0.0000E+00
       2        4     2.3058E-02 -2.2627E-02 -4.4328E-03  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   14
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   15
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
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               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4      2.149605E-02     -4.211138E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   16
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2

                      G R I D   D I S P L A C E M E N T S

  GRID ID            T1                T2                T3
                     R1                R2                R3

        1      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        2      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        3      0.000000E+00      0.000000E+00      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

        4     -2.262742E-02     -4.432777E-03      0.000000E+00
               0.000000E+00      0.000000E+00      0.000000E+00

1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   17
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 1                                             LOADCASE         1

             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1        1.285359E+04        1.285359E+04
        2        4.211138E+03        4.211138E+03
        3       -8.642454E+03       -8.642454E+03
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   18
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     
 LOAD CONDITION 2                                             LOADCASE         2
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             S T R E S S E S   I N   R O D   E L E M E N T S

   ROD ID          STRESS-A            STRESS-B

        1       -9.097320E+03       -9.097320E+03
        2        4.432777E+03        4.432777E+03
        3        1.353010E+04        1.353010E+04
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   19
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.828427E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     A1          1.000000E-01    1.000000E+00    2.000000E+01
          2     A2          1.000000E-01    2.000000E+00    2.000000E+01
          3     A3          1.000000E-01    1.000000E+00    2.000000E+01
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   20
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                DISCRETE VARIABLES VALUES AND PROXIMITY PARAMETERS
   -------------------------------------------------------------------------
---
   VARIABLE  VARIABLE     LOWER          UPPER          ABS         BIAS STATUS
   ID        VALUE        CLOSEST        CLOSEST        (%)          (%)
   -------------------------------------------------------------------------
---

        1  1.00000E+00   9.00000E-01   1.10000E+00  11.1111      50.0000      V
        2  2.00000E+00   1.90000E+00   2.10000E+00  5.26316      50.0000      V
        3  1.00000E+00   9.00000E-01   1.10000E+00  11.1111      50.0000      V

                     DISCRETE VARIABLE STATUS 
                 [INITIAL OR RESTARTED DESIGN CYCLE] 
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         MAX DISCRETE VIOLATION (ABSOLUTE CRITERIA)          11.1%
         MAX DISCRETE VIOLATION (BIAS CRITERIA)              50.0%
         THE NUMBER OF VOLATED DISCRETE VARIABLES               3
         TOTAL NUMBER OF DISCRETE VARIABLES                     3
         NUMBER OF COMPLETED DISCRETE DESIGN CYCLES             0
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   21
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    ROD              1    2        1    1.285359E+04  UB   2.000000E+04   I
    ROD              3    2        1   -8.642454E+03  LB  -1.500000E+04   I
    ROD              1    2        2   -9.097320E+03  LB  -1.500000E+04   I
    ROD              3    2        2    1.353010E+04  UB   2.000000E+04   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE   22
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

This part of the files has been cut to reduce space. 

                          

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.845584E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
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   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     A1          1.000000E-01    9.000000E-01    2.000000E+01
          2     A2          1.000000E-01    3.000000E-01    2.000000E+01
          3     A3          1.000000E-01    9.000000E-01    2.000000E+01
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  207
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                DISCRETE VARIABLES VALUES AND PROXIMITY PARAMETERS
   -------------------------------------------------------------------------
---
   VARIABLE  VARIABLE     LOWER          UPPER          ABS         BIAS STATUS
   ID        VALUE        CLOSEST        CLOSEST        (%)          (%)
   -------------------------------------------------------------------------
---

        1  9.00000E-01   9.00000E-01   1.10000E+00  0.00000      0.00000       
        2  3.00000E-01   3.00000E-01   5.00000E-01  0.00000      0.00000       
        3  9.00000E-01   9.00000E-01   1.10000E+00  0.00000      0.00000       

                     DISCRETE 
VARIABLE STATUS 
               [DISCRETE 
OPTIMIZATION DESIGN CYCLE] 

         MAX DISCRETE VIOLATION 
(ABSOLUTE CRITERIA)           
0.0%

         MAX DISCRETE VIOLATION (BIAS CRITERIA)               0.0%
         THE NUMBER OF VOLATED DISCRETE VARIABLES               0
         TOTAL NUMBER OF DISCRETE VARIABLES                     3
         NUMBER OF COMPLETED DISCRETE DESIGN CYCLES             1
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  208
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

  CONSTRAINT

                         STRESS              
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    ROD              1    2        1    1.802942E+04  UB   2.000000E+04   A
    ROD              2    2        1    1.217434E+04  UB   2.000000E+04   I
    ROD              2    2        2    1.281509E+04  UB   2.000000E+04   I
    ROD              3    2        2    1.897833E+04  UB   2.000000E+04   A
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

     WARNING MESSAGE FROM SUBROUTINE "GN60DO".
     WARNING CODE = 600019
     THE DSCDOT OPTIMIZER IS ACTIVE IN THIS
     DESIGN CYCLE.  THE DOPT PARAMETER DSCDOT
     IS         1.
     NOT FURTHER ACTION IS REQUIRED.

   SAVE THE INITAL BOUNDS VALUES
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  209
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                       ***********************************
                       * S O F T   C O N V E R G E N C E *
                       * NO FURTHER PROGRESS CAN BE MADE *
                       ***********************************

 THE RELATIVE CHANGE IN ANY DESIGN VARIABLE DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE RELATIVE CHANGE IN ANY DESIGN PROPERTY DURING THE
 APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03

 THE ABSOLUTE CHANGE IN THE MOST CRITICAL CONSTRAINT BEFORE AND AFTER
 THE APPROXIMATE OPTIMIZATION WAS LESS THAN 1.0E-03
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  210
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.8284E+00         0.0%
    1     2.9116E+00         2.0%
    2     2.7744E+00         0.5%
    3     2.6501E+00         0.8%
    4     2.6424E+00         0.0%
    5     2.6223E+00         0.4%
    6     2.6312E+00         0.7%
    7     2.6390E+00         0.0%
    8     2.6316E+00         0.1%
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    9     2.6279E+00         0.4%
   10     2.6325E+00         0.1%
   11     2.8456E+00         0.0%
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  211
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE
                1             2             3
               A1            A2            A3

    0     1.0000E+00    2.0000E+00    1.0000E+00 
    1     6.4673E-01    1.0000E+00    7.0501E-01 
    2     6.8034E-01    7.5000E-01    7.5110E-01 
    3     7.3080E-01    5.0000E-01    7.8953E-01 
    4     7.6832E-01    3.8889E-01    8.2515E-01 
    5     8.0469E-01    2.7037E-01    8.5840E-01 
    6     7.5003E-01    4.2840E-01    8.0760E-01 
    7     7.8361E-01    3.4377E-01    8.3935E-01 
    8     8.0991E-01    2.6476E-01    8.6368E-01 
    9     7.7060E-01    3.6900E-01    8.2669E-01 
   10     8.1058E-01    2.6449E-01    8.6387E-01 
   11     9.0000E-01    3.0000E-01    9.0000E-01 
1GENESIS   VERSION 10.0                   DATE 04-23-2008  TIME 11:02  PAGE  212
 THREE ROD TRUSS - 3 DISCRET DESIGN VARIABLES - USE DSCDOT               
 STRESS AND DISPLACEMENT CONSTRAINTS                                     

     D I S C R E T E   V A R I A B L E S  V I O L A T I O N   H I S T O R Y

  DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT MAXIMUM DISCRETE     MAXIMUM DISCRETE
  CYCLE    FUNCTION        VIOLATION          VIOLATION             VIOLATION
                                          ABSOLUTE CRITERIA      BIAS  CRITERIA
                                          VIOL   # OF DVAR       VIOL  # OF DVAR

    0     4.8284E+00      0.0%           11.1%          3        50.0%         3
    1     2.9116E+00      2.0%           11.1%          3        50.0%         3
    2     2.7744E+00      0.5%            7.3%          3        25.5%         3
    3     2.6501E+00      0.8%           12.8%          2        44.8%         2
    4     2.6424E+00      0.0%           29.6%          3        44.4%         3
    5     2.6223E+00      0.4%           10.6%          3        47.7%         3
    6     2.6312E+00      0.7%           14.3%          3        46.2%         3
    7     2.6390E+00      0.0%           14.6%          3        41.8%         3
    8     2.6316E+00      0.1%           11.7%          3        45.0%         3
    9     2.6279E+00      0.4%           23.0%          3        36.7%         3
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   10     2.6325E+00      0.1%           11.8%          3        44.7%         3
   11     2.8456E+00      0.0%            0.0%          0         0.0%         0

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        430003            1  
        600018            1  
        600019            1  

 ***** THERE WERE        3 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.75 Topography Optimization using BEADFR and Mirror 
Symmetry Constraints 

Example ID:
D075

Design Data Used:
DOBJ, DCONS, DTGRID(BEADFR), DRESP1

Special Features Used:
SYM and BEADFR options in DTGRID data entry to enforce mirror symmetry and also con-
straint the movement of the grids to form distinct beads. 

Problem Statement:
The plate structure is simply supported at two of the corners and a point load is applied on one of 
the other corners so that the plate is in torsion. The plate is designed to be as stiff as possible
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Design Problem: 
Find the shape of the plate that minimizes the strain energy by only moving 25% of the grids and 
ensuring mirror symmetry along its diagonal. 

Problem Description:
1. A plate structure modeled using CQUAD4 elements.  
2.  Point load applied at one of the corners. 

Results:
The following figure shows the final topography optimized shape. In the figure, red represents the 
highest possible movements and blue the lowest. The answer is symmetric with respect to one of 
the diagonals as needed.

Figure 2-28Final Solution
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2.75.1 Input Data
The input data is quite large so only a portion of it is given here. This input data is named 
D075.dat and is provide with the installation CD.

ID D075
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.1 (2008-10-20)
$ Exported on 2008-12-03 14:35
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
LINE = 64,80
ECHO = NONE
SHAPE = POST
$
$ Loadcase definitions
$
SUBCASE 20
   LABEL = TORSION LOAD
   SPC = 200
   LOAD = 201
BEGIN BULK
$
$ Parameters
$
DOPT          20
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
DTGRID         1       4PSHELL         4                
+       SHAPE   CONE    .8000000                
+       SYM            1     MZX                                
+       DVAR    .3000000     0.0                        
+       BEADFR  .2500000                
DOBJ           1    Obj1      20        
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1 SENERGY                        
$
$ Property definitions
$
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$HMCOLOR COMP        4       1
PSHELL         4       11.000000       1               1        
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           1207000.0        .30000007.8000-9     0.0     0.0     0.0
$
$ Load definitions
$
$HMNAME LOADCOL      201 "Static Load 2"
FORCE        201    8685        100.0000     0.0     0.01.000000
$
$ Boundary Condition definitions
$
$HMNAME GCSET      200 "SPC Set 200"
SPC          200    7805  123456     0.0
SPC          200    6034  123456     0.0
$
$ Coordinate systems
$
$HMNAME SYSTCOL        1 "Coord_1"
CORD2R         1        20.0000011.00000     0.020.0000011.0000010.00000
+       27.071073.928933     0.0
$
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2.75.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE r106         BETA

     PROJECT NAME: D075
     RUN STARTED:  Dec  4, 2008 15:19
     SYSTEM TYPE:  Windows XP x86  1-CPU
     LENVEC:             127875000
     IOBUFF:               256,64K
     THREADS:                    1

     LICENSED TO: VR&D                                                        
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                                TOPOGRAPHY  SUMMARY         
                    
                  NUMBER OF TOPOGRAPHY REGIONS:                1
                  ADDED NUMBER OF INDEPENDENT VARIABLES:     780
                  ADDED NUMBER OF DEPENDENT VARIABLES:         0
                  TOTAL NUMBER OF ADDED DVAR DATA:           780
                  TOTAL NUMBER OF ADDED DVGRID DATA:        3003
                  TOTAL NUMBER OF ADDED DLINK DATA:            0
                  ADDED NUMBER DLINK COEFFICIENTS:             0
                  ADDED NUMBER OF DRESP3 DATA:                 1
                  ADDED NUMBER OF DRESP3-DVAR ARGUMENTS:     780
      

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    1
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   1681
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:       1600
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      1600
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:           10074

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     780
                  TOTAL NUMBER OF DESIGN VARIABLES:           780
                  NUMBER OF SHAPE DESIGN VARIABLES:           780
                  NUMBER OF DIRECT RESPONSES:                   1
                  NUMBER OF SYNTHETIC RESPONSES:                1
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    2
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 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    3
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.252195E-05
                    SYSTEM VOLUME            1.605378E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    4
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  4.000E+01  2.800E-01  1.600E+03  1.120E+01  1.120E+01  4.480E+02

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    5
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       20 ; RESIDUAL : -2.240629E-10 ; STRAIN ENERGY :  8.276136E+02
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    6
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      20  0.0000E+00  0.0000E+00  1.0000E+02 -9.0000E+02 -4.0000E+03  0.0000E+00
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    7
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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      20  3.6786E-11  1.7240E-09 -1.0000E+02  9.0000E+02  4.0000E+03  7.3183E-08
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    8
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     8685     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE    9
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     7805     3.6751E+02 -6.8029E-01  3.5307E+02 -1.0201E+02
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   10
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      20     8685     1.6552E+01  4.7519E-02 -3.4289E-02  1.6552E+01
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   11
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   12
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       4                2          ASAVG1        0        1         3.299050E-01
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   13
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
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 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.276136E+02
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   14
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    4                2                  3.299050E-01  UB   2.500000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE   15
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

----- Portions of this file has been deleted to reduce space ----------------

 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.002336E+02
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE  157
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 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    4                2                  2.492296E-01  UB   2.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE  158
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 8.276E-01 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:19  PAGE  159
 TOPOGRAPHY OPTIMIZATION USING BEAD FRACTION                             
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     8.2761E+02        32.0%
    1     8.0856E+02         0.0%
    2     7.6610E+02         0.0%
    3     7.3420E+02         0.0%
    4     7.1602E+02         0.0%
    5     7.0904E+02         0.0%
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    6     7.0533E+02         0.0%
    7     7.0271E+02         0.0%
    8     7.0171E+02         0.0%
    9     7.0087E+02         0.0%
   10     7.0070E+02         0.0%
   11     7.0023E+02         0.0%

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        190216           85 *

     (*) ONLY THE FIRST  10 WARNING MESSAGES FOR EACH WARNING
         CODE WERE PRINTED. TO PRINT ALL WARNING MESSAGES,
         USE DIAG=111.

 ***** THERE WERE       85 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.76 Design Using User-defined Composite Failure Equations

Example ID:
D076

Design Data Used:
DOBJ, DCONS, DSPLIT, DRESP1, FINDEX

Special Features Used:
FINDEX data entry is used to create an user-defined failure index equations for the composite 
laminate. This failure definition is synonymous to the VonMises criteria for isotropic materials. 

Problem Statement:
The plate structure is simply supported at the corners and a point load is applied at the center of 
the plate. The plate is designed to be as light as possible without failure.
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Design Problem: 
Find the optimal thickness distribution of the plate that minimizes the mass without failure of any 
of the composite layers. 

Problem Description:
1. A plate structure modeled using CQUAD4 elements.  
2. A six-layer composite laminate is defined using PCOMP. 
3. Point load applied at the center of the plate. 

Results:
The following figure shows the final thickness distribution. In the figure, red represents the high-
est thickness values and blue the lowest.
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2.76.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named D076.dat and is provide with the installation CD.

ID D076
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.1 (2008-10-20)
$ Exported on 2008-12-03 11:00
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA
SUBTITLE = MINIMIZE MASS SUBJECT TO FAILURE CRITERIA
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
THICKNESS = POST
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = Loading
   SPC = 1
   LOAD = 1
BEGIN BULK
$
$ Parameters
$
DOPT          20
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T1"
DVAR           1      T1.50000001.0000-22.000000                
$HMNAME DVAR        2 "T2"
DVAR           2      T2.50000001.0000-22.000000                
$HMNAME DVAR        3 "T3"
DVAR           3      T3.50000001.0000-22.000000                
$HMNAME DVAR        4 "T4"
DVAR           4      T4.50000001.0000-22.000000                
$HMNAME DVAR        5 "T5"
DVAR           5      T5.50000001.0000-22.000000                
$HMNAME DVAR        6 "T6"
DVAR           6      T6.50000001.0000-22.000000                
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DVPROP4        1       2
+       Layer1                 1                                
+       Layer2                 2                                
+       Layer3                 3                                
+       Layer4                 4                                
+       Layer5                 5                                
+       Layer6                 6                                
DSPLIT         2
DOBJ           1    Obj1                
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1    MASS                        
DCONS          2                100.0000
$HMNAME RESP        2 "Cons1"
DRESP1         2   Cons1  FINDEX   PCOMP               1       2
$
$ Property definitions
$
$HMNAME COMP        2 "Laminate"
$HMCOLOR COMP        2       3
PCOMP          2                               1                                
+              2.5000000     0.0     YES       3.5000000     0.0     YES
+              2.500000045.00000     YES       3.500000045.00000     YES
+              2.500000090.00000     YES       3.500000090.00000     YES
$
$ Material definitions
$
$HMNAME MAT        1 "Plate_Material"
MAT1           1207000.0        .30000007.8000-9                        
$HMNAME MAT        2 "Unidirectional"
MAT8           2185000.05000.000.05000001000.0001000.0001000.0001.6000-9
+            0.0     0.0     0.0950.0000600.000050.0000050.0000050.00000
$HMNAME MAT        3 "Cloth"
MAT8           381000.0075000.00.10000005000.0005000.0005000.0001.6000-9
+            0.0     0.0     0.0400.0000340.0000400.0000350.000088.00000
$
$ Composite failure equations
$
$HMNAME FINDEX        1 "VonMIses"
FINDEX         1 F(S1,S2,S12,XT,XC,YT,YC,S,F12)=SQRT(S1**2+S2**2-S1*S2+3
+        *S12**2)+0.0*(XT+XC+YT+YC+S+F12)                               
$
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2.76.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE r106         BETA

     PROJECT NAME: D076
     RUN STARTED:  Dec  4, 2008 15:38
     SYSTEM TYPE:  Windows XP x86  1-CPU
     LENVEC:             127875000
     IOBUFF:               256,64K
     THREADS:                    1

     LICENSED TO: VR&D                                                        

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 15:38  PAGE    1
 TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA               
 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               
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                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D076
 $----------------------------------------------------------------------$
 $ Data written by Design Studio for Genesis 10.1 (2008-10-20)
 $ Exported on 2008-12-03 11:00
 $----------------------------------------------------------------------$
 $
 $ Executive Control
 $
 POST = PUNCH
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 TITLE = TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA
 SUBTITLE = MINIMIZE MASS SUBJECT TO FAILURE CRITERIA
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 THICKNESS = POST
 $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = Loading
    SPC = 1
    LOAD = 1
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 $
 $ Parameters
 $
 DOPT    20                                                                      

     INFORMATIONAL MESSAGE FROM SUBROUTINE     GN12RV
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            6 DVPROP1 DATA WILL BE CREATED TO REPLACE
            1 DVPROP4 DATA.  
     THE ID OF REPLACED DVPROP1 STARTS FROM THE NUMBER 
            1 AND IS INCREMENTED BY 1.  

 ENDDATA

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        2
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        3
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        4
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        5
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        6
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        7
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        8
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     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER        9
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER       10
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160122
     THE THICKNESS OF A LAYER OF PCOMP NUMBER       11
     IS BEING DESIGNED, BUT Z0 IS NOT BEING UPDATED.
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 TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA               
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PCOMP ELEMENTS:         324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:             324
                   NUMBER OF MATERIALS:                        3
                   NUMBER OF DEGREES OF FREEDOM:            2154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:    1944
                  TOTAL NUMBER OF DESIGN VARIABLES:          1944
                  NUMBER OF DIRECT RESPONSES:                1945
                  NUMBER OF POTENTIAL CONSTRAINTS:           3888

                               LOAD CASES SUMMARY
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                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.555200E-06
                    SYSTEM VOLUME            9.720000E+02
                    SYSTEM MASS/VOLUME       1.600000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  1.830708E-14 ; STRAIN ENERGY :  2.219426E+00
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                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
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                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  4.1922E-13  1.3856E-13 -1.0000E+02 -1.1000E+03  9.0000E+02  1.4438E-11
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      181     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      343     2.9854E+01  2.0584E+00  1.6996E+01 -2.4457E+01
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      181     4.4389E-02 -3.8557E-18  4.6799E-18  4.4389E-02
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************
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  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.555200E-06

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T1          1.000000E-02    5.000000E-01    2.000000E+00
          2     T2          1.000000E-02    5.000000E-01    2.000000E+00
          3     T3          1.000000E-02    5.000000E-01    2.000000E+00
          4     T4          1.000000E-02    5.000000E-01    2.000000E+00
          5     T5          1.000000E-02    5.000000E-01    2.000000E+00
          6     T6          1.000000E-02    5.000000E-01    2.000000E+00
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-------Porsions of this file has been deted to reduce space ----
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               ****************************************************
               *  D E S I G N  C Y C L E     17 (ANALYSIS SUMMARY)*
               ****************************************************
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.010349E-07
                    SYSTEM VOLUME            1.881468E+02
                    SYSTEM MASS/VOLUME       1.600000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y
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    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -1.422407E-14 ; STRAIN ENERGY :  1.510509E+01
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 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.0000E+02  1.1000E+03 -9.0000E+02  0.0000E+00
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 TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA               
 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  5.1870E-13 -3.6948E-12 -1.0000E+02 -1.1000E+03  9.0000E+02 -3.0070E-11
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      181     1.0000E+02  0.0000E+00  0.0000E+00  1.0000E+02
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        1     1.0499E+02  5.9301E+01  8.2514E+01 -2.6432E+01
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 TOPOMETRY OPTIMIZATION WITH USER DEFINED FAILURE CRITERIA               
 MINIMIZE MASS SUBJECT TO FAILURE CRITERIA                               

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      181     3.0210E-01  1.5276E-04  3.4516E-04  3.0210E-01
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               ********************************************
               *  D E S I G N  C Y C L E     17 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E     17 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.010349E-07

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T1          1.000000E-02    1.469037E-01    2.000000E+00
          2     T2          1.000000E-02    9.891856E-02    2.000000E+00
          3     T3          1.000000E-02    1.158430E-01    2.000000E+00
          4     T4          1.000000E-02    4.994788E-01    2.000000E+00
          5     T5          1.000000E-02    3.002162E-01    2.000000E+00
          6     T6          1.000000E-02    7.283689E-01    2.000000E+00
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  CONSTRAINT
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                         FAILURE INDEX       
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4            1   34        1    7.432504E+01  UB   1.000000E+02   I
    QUAD4            1   44        1    9.967368E+01  UB   1.000000E+02   A
    QUAD4            1   54        1    9.042329E+01  UB   1.000000E+02   A
    QUAD4            1   64        1    9.956281E+01  UB   1.000000E+02   A
    QUAD4            2   14        1    7.097540E+01  UB   1.000000E+02   I
    QUAD4            2   44        1    6.736669E+01  UB   1.000000E+02   I
    QUAD4            2   64        1    5.844200E+01  UB   1.000000E+02   I
    QUAD4            3   14        1    7.273865E+01  UB   1.000000E+02   I
    QUAD4            3   34        1    6.630695E+01  UB   1.000000E+02   I
    QUAD4            4   54        1    8.253655E+01  UB   1.000000E+02   I
    QUAD4            4   64        1    9.091513E+01  UB   1.000000E+02   A
    QUAD4            6   14        1    9.089338E+01  UB   1.000000E+02   A
    QUAD4            7   14        1    9.939158E+01  UB   1.000000E+02   A
    QUAD4            8   14        1    9.937119E+01  UB   1.000000E+02   A
    QUAD4            9   14        1    9.873922E+01  UB   1.000000E+02   A
    QUAD4            9   64        1    5.374699E+01  UB   1.000000E+02   I
    QUAD4           10   14        1    9.942597E+01  UB   1.000000E+02   A
    QUAD4           10   34        1    5.090856E+01  UB   1.000000E+02   I
    QUAD4           10   64        1    5.855700E+01  UB   1.000000E+02   I
    QUAD4           11   14        1    9.877448E+01  UB   1.000000E+02   A
    QUAD4           11   64        1    5.975747E+01  UB   1.000000E+02   I
    QUAD4           12   14        1    6.906133E+01  UB   1.000000E+02   I
    QUAD4           12   34        1    7.213397E+01  UB   1.000000E+02   I
    QUAD4           12   44        1    5.220102E+01  UB   1.000000E+02   I
    QUAD4           12   64        1    5.955341E+01  UB   1.000000E+02   I
    QUAD4           13   14        1    6.217558E+01  UB   1.000000E+02   I
    QUAD4           13   34        1    5.022383E+01  UB   1.000000E+02   I
    QUAD4           14   14        1    9.697882E+01  UB   1.000000E+02   A
    QUAD4           15   14        1    9.283190E+01  UB   1.000000E+02   A
    QUAD4           15   44        1    7.156775E+01  UB   1.000000E+02   I
    QUAD4           15   54        1    5.376504E+01  UB   1.000000E+02   I
    QUAD4           16   14        1    9.884589E+01  UB   1.000000E+02   A
    QUAD4           17   14        1    9.597017E+01  UB   1.000000E+02   A
    QUAD4           17   44        1    7.700485E+01  UB   1.000000E+02   I
    QUAD4           17   64        1    9.028934E+01  UB   1.000000E+02   A
    QUAD4           18   24        1    5.444382E+01  UB   1.000000E+02   I
    QUAD4           18   34        1    6.035028E+01  UB   1.000000E+02   I
    QUAD4           18   44        1    9.962870E+01  UB   1.000000E+02   A
    QUAD4           18   54        1    8.649418E+01  UB   1.000000E+02   I
    QUAD4           18   64        1    9.968353E+01  UB   1.000000E+02   A
    QUAD4           19   34        1    8.611865E+01  UB   1.000000E+02   I
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    QUAD4           19   44        1    9.921902E+01  UB   1.000000E+02   A
    QUAD4           19   54        1    9.170937E+01  UB   1.000000E+02   A
    QUAD4           19   64        1    9.968864E+01  UB   1.000000E+02   A
    QUAD4           20   34        1    7.537483E+01  UB   1.000000E+02   I
    QUAD4           20   44        1    9.964466E+01  UB   1.000000E+02   A
    QUAD4           20   54        1    6.300088E+01  UB   1.000000E+02   I
    QUAD4           20   64        1    9.324875E+01  UB   1.000000E+02   A
    QUAD4           21   44        1    7.264513E+01  UB   1.000000E+02   I
    QUAD4           21   64        1    8.320996E+01  UB   1.000000E+02   I
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                         FAILURE INDEX       
   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           22   14        1    9.368051E+01  UB   1.000000E+02   A
    QUAD4           22   34        1    9.247028E+01  UB   1.000000E+02   A
    QUAD4           22   64        1    7.681297E+01  UB   1.000000E+02   I
    QUAD4           23   14        1    6.062943E+01  UB   1.000000E+02   I
    QUAD4           23   64        1    8.125355E+01  UB   1.000000E+02   I
    QUAD4           24   14        1    9.954564E+01  UB   1.000000E+02   A
    QUAD4           24   24        1    5.664777E+01  UB   1.000000E+02   I
    QUAD4           25   14        1    9.907322E+01  UB   1.000000E+02   A
    QUAD4           26   14        1    9.949321E+01  UB   1.000000E+02   A
    QUAD4           27   14        1    9.912266E+01  UB   1.000000E+02   A
    QUAD4           27   34        1    9.775148E+01  UB   1.000000E+02   A
    QUAD4           27   44        1    6.552391E+01  UB   1.000000E+02   I
    QUAD4           28   14        1    9.944045E+01  UB   1.000000E+02   A
    QUAD4           28   34        1    9.872483E+01  UB   1.000000E+02   A
    QUAD4           28   44        1    8.474212E+01  UB   1.000000E+02   I
    QUAD4           29   14        1    9.898076E+01  UB   1.000000E+02   A
    QUAD4           29   34        1    9.797439E+01  UB   1.000000E+02   A
    QUAD4           29   44        1    6.892157E+01  UB   1.000000E+02   I
    QUAD4           30   14        1    9.822210E+01  UB   1.000000E+02   A
    QUAD4           30   34        1    9.574910E+01  UB   1.000000E+02   A
    QUAD4           30   44        1    7.293513E+01  UB   1.000000E+02   I
    QUAD4           31   14        1    9.757905E+01  UB   1.000000E+02   A
    QUAD4           31   24        1    6.899701E+01  UB   1.000000E+02   I
    QUAD4           31   34        1    9.718125E+01  UB   1.000000E+02   A
    QUAD4           31   44        1    5.746687E+01  UB   1.000000E+02   I
    QUAD4           32   14        1    6.847639E+01  UB   1.000000E+02   I
    QUAD4           32   24        1    9.282889E+01  UB   1.000000E+02   A
    QUAD4           32   54        1    9.337700E+01  UB   1.000000E+02   A
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    QUAD4           32   64        1    9.919381E+01  UB   1.000000E+02   A
    QUAD4           33   14        1    9.630642E+01  UB   1.000000E+02   A
    QUAD4           33   64        1    9.893052E+01  UB   1.000000E+02   A
    QUAD4           34   14        1    9.194410E+01  UB   1.000000E+02   A
    QUAD4           34   44        1    9.912890E+01  UB   1.000000E+02   A
    QUAD4           34   54        1    6.612467E+01  UB   1.000000E+02   I
    QUAD4           34   64        1    9.890402E+01  UB   1.000000E+02   A
    QUAD4           35   14        1    9.904079E+01  UB   1.000000E+02   A
    QUAD4           35   24        1    6.125892E+01  UB   1.000000E+02   I
    QUAD4           35   44        1    9.894182E+01  UB   1.000000E+02   A
    QUAD4           35   64        1    9.951396E+01  UB   1.000000E+02   A
    QUAD4           36   24        1    5.302833E+01  UB   1.000000E+02   I
    QUAD4           36   44        1    9.431295E+01  UB   1.000000E+02   A
    QUAD4           36   54        1    9.868842E+01  UB   1.000000E+02   A
    QUAD4           36   64        1    9.968625E+01  UB   1.000000E+02   A
    QUAD4           37   14        1    9.890437E+01  UB   1.000000E+02   A
    QUAD4           37   24        1    9.752652E+01  UB   1.000000E+02   A
    QUAD4           37   54        1    8.623395E+01  UB   1.000000E+02   I
    QUAD4           37   64        1    8.058086E+01  UB   1.000000E+02   I
    QUAD4           38   44        1    9.966709E+01  UB   1.000000E+02   A
    QUAD4           38   54        1    9.950375E+01  UB   1.000000E+02   A
    QUAD4           38   64        1    6.208783E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           39   44        1    9.568907E+01  UB   1.000000E+02   A
    QUAD4           39   54        1    6.107709E+01  UB   1.000000E+02   I
    QUAD4           39   64        1    9.750331E+01  UB   1.000000E+02   A
    QUAD4           40   14        1    5.840711E+01  UB   1.000000E+02   I
    QUAD4           40   44        1    6.016337E+01  UB   1.000000E+02   I
    QUAD4           40   64        1    9.479796E+01  UB   1.000000E+02   A
    QUAD4           41   14        1    9.588639E+01  UB   1.000000E+02   A
    QUAD4           41   24        1    5.492393E+01  UB   1.000000E+02   I
    QUAD4           41   34        1    9.647851E+01  UB   1.000000E+02   A
    QUAD4           41   44        1    9.072770E+01  UB   1.000000E+02   A
    QUAD4           41   54        1    5.053712E+01  UB   1.000000E+02   I
    QUAD4           41   64        1    9.680925E+01  UB   1.000000E+02   A
    QUAD4           42   14        1    9.839613E+01  UB   1.000000E+02   A
    QUAD4           42   34        1    9.880765E+01  UB   1.000000E+02   A
    QUAD4           42   44        1    8.317669E+01  UB   1.000000E+02   I
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    QUAD4           42   64        1    5.288376E+01  UB   1.000000E+02   I
    QUAD4           43   14        1    9.887205E+01  UB   1.000000E+02   A
    QUAD4           43   34        1    7.049643E+01  UB   1.000000E+02   I
    QUAD4           43   44        1    5.266633E+01  UB   1.000000E+02   I
    QUAD4           44   14        1    9.939386E+01  UB   1.000000E+02   A
    QUAD4           44   24        1    7.834408E+01  UB   1.000000E+02   I
    QUAD4           44   34        1    5.507536E+01  UB   1.000000E+02   I
    QUAD4           44   54        1    8.458005E+01  UB   1.000000E+02   I
    QUAD4           44   64        1    8.314035E+01  UB   1.000000E+02   I
    QUAD4           45   14        1    9.864327E+01  UB   1.000000E+02   A
    QUAD4           45   24        1    5.596002E+01  UB   1.000000E+02   I
    QUAD4           45   34        1    8.913445E+01  UB   1.000000E+02   I
    QUAD4           45   54        1    7.287413E+01  UB   1.000000E+02   I
    QUAD4           45   64        1    7.952598E+01  UB   1.000000E+02   I
    QUAD4           46   14        1    9.684176E+01  UB   1.000000E+02   A
    QUAD4           46   34        1    9.695126E+01  UB   1.000000E+02   A
    QUAD4           46   44        1    6.366902E+01  UB   1.000000E+02   I
    QUAD4           47   14        1    9.831908E+01  UB   1.000000E+02   A
    QUAD4           47   34        1    9.808613E+01  UB   1.000000E+02   A
    QUAD4           47   44        1    8.406219E+01  UB   1.000000E+02   I
    QUAD4           48   14        1    9.852938E+01  UB   1.000000E+02   A
    QUAD4           48   34        1    9.506485E+01  UB   1.000000E+02   A
    QUAD4           48   44        1    9.911257E+01  UB   1.000000E+02   A
    QUAD4           48   54        1    9.092553E+01  UB   1.000000E+02   A
    QUAD4           49   14        1    9.934048E+01  UB   1.000000E+02   A
    QUAD4           49   34        1    9.889038E+01  UB   1.000000E+02   A
    QUAD4           49   44        1    5.175694E+01  UB   1.000000E+02   I
    QUAD4           50   14        1    5.921456E+01  UB   1.000000E+02   I
    QUAD4           50   24        1    6.020600E+01  UB   1.000000E+02   I
    QUAD4           50   44        1    5.237578E+01  UB   1.000000E+02   I
    QUAD4           50   64        1    9.873144E+01  UB   1.000000E+02   A
    QUAD4           51   24        1    7.033955E+01  UB   1.000000E+02   I
    QUAD4           51   44        1    7.543434E+01  UB   1.000000E+02   I
    QUAD4           51   54        1    8.661964E+01  UB   1.000000E+02   I
    QUAD4           51   64        1    9.739411E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           52   14        1    9.512785E+01  UB   1.000000E+02   A
    QUAD4           52   24        1    5.928593E+01  UB   1.000000E+02   I
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    QUAD4           52   44        1    6.906078E+01  UB   1.000000E+02   I
    QUAD4           52   54        1    9.914012E+01  UB   1.000000E+02   A
    QUAD4           52   64        1    8.343294E+01  UB   1.000000E+02   I
    QUAD4           53   14        1    8.633142E+01  UB   1.000000E+02   I
    QUAD4           53   44        1    9.964565E+01  UB   1.000000E+02   A
    QUAD4           53   54        1    8.749044E+01  UB   1.000000E+02   I
    QUAD4           53   64        1    9.182198E+01  UB   1.000000E+02   A
    QUAD4           54   14        1    5.352517E+01  UB   1.000000E+02   I
    QUAD4           54   24        1    9.938832E+01  UB   1.000000E+02   A
    QUAD4           54   44        1    7.399841E+01  UB   1.000000E+02   I
    QUAD4           54   54        1    9.474072E+01  UB   1.000000E+02   A
    QUAD4           54   64        1    9.967344E+01  UB   1.000000E+02   A
    QUAD4           55   54        1    9.963717E+01  UB   1.000000E+02   A
    QUAD4           55   64        1    6.913842E+01  UB   1.000000E+02   I
    QUAD4           56   44        1    7.393192E+01  UB   1.000000E+02   I
    QUAD4           56   54        1    9.962896E+01  UB   1.000000E+02   A
    QUAD4           56   64        1    5.491728E+01  UB   1.000000E+02   I
    QUAD4           57   14        1    6.043564E+01  UB   1.000000E+02   I
    QUAD4           57   24        1    6.201933E+01  UB   1.000000E+02   I
    QUAD4           57   44        1    9.966062E+01  UB   1.000000E+02   A
    QUAD4           57   54        1    7.670214E+01  UB   1.000000E+02   I
    QUAD4           57   64        1    8.360217E+01  UB   1.000000E+02   I
    QUAD4           58   24        1    5.759161E+01  UB   1.000000E+02   I
    QUAD4           58   34        1    8.544966E+01  UB   1.000000E+02   I
    QUAD4           58   44        1    7.003028E+01  UB   1.000000E+02   I
    QUAD4           58   54        1    9.636658E+01  UB   1.000000E+02   A
    QUAD4           59   44        1    8.347477E+01  UB   1.000000E+02   I
    QUAD4           59   54        1    7.825780E+01  UB   1.000000E+02   I
    QUAD4           59   64        1    9.885164E+01  UB   1.000000E+02   A
    QUAD4           60   14        1    9.923673E+01  UB   1.000000E+02   A
    QUAD4           60   34        1    9.822651E+01  UB   1.000000E+02   A
    QUAD4           60   44        1    9.646598E+01  UB   1.000000E+02   A
    QUAD4           60   54        1    8.000771E+01  UB   1.000000E+02   I
    QUAD4           60   64        1    6.932063E+01  UB   1.000000E+02   I
    QUAD4           61   14        1    9.962276E+01  UB   1.000000E+02   A
    QUAD4           61   24        1    5.504131E+01  UB   1.000000E+02   I
    QUAD4           61   44        1    5.803637E+01  UB   1.000000E+02   I
    QUAD4           61   54        1    7.621707E+01  UB   1.000000E+02   I
    QUAD4           61   64        1    6.445241E+01  UB   1.000000E+02   I
    QUAD4           62   14        1    9.893308E+01  UB   1.000000E+02   A
    QUAD4           62   24        1    9.021793E+01  UB   1.000000E+02   A
    QUAD4           62   34        1    8.186718E+01  UB   1.000000E+02   I
    QUAD4           62   54        1    8.538651E+01  UB   1.000000E+02   I
    QUAD4           62   64        1    9.622464E+01  UB   1.000000E+02   A
    QUAD4           63   14        1    9.952936E+01  UB   1.000000E+02   A
    QUAD4           63   24        1    9.655244E+01  UB   1.000000E+02   A
    QUAD4           63   34        1    9.774219E+01  UB   1.000000E+02   A
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    QUAD4           63   54        1    9.914607E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           63   64        1    9.265798E+01  UB   1.000000E+02   A
    QUAD4           64   14        1    9.929931E+01  UB   1.000000E+02   A
    QUAD4           64   24        1    9.910569E+01  UB   1.000000E+02   A
    QUAD4           64   34        1    9.290800E+01  UB   1.000000E+02   A
    QUAD4           64   64        1    9.892857E+01  UB   1.000000E+02   A
    QUAD4           65   14        1    9.866173E+01  UB   1.000000E+02   A
    QUAD4           65   34        1    7.795157E+01  UB   1.000000E+02   I
    QUAD4           65   44        1    9.299119E+01  UB   1.000000E+02   A
    QUAD4           65   54        1    9.599265E+01  UB   1.000000E+02   A
    QUAD4           65   64        1    6.145817E+01  UB   1.000000E+02   I
    QUAD4           66   14        1    9.802262E+01  UB   1.000000E+02   A
    QUAD4           66   24        1    7.256211E+01  UB   1.000000E+02   I
    QUAD4           66   34        1    9.786880E+01  UB   1.000000E+02   A
    QUAD4           66   44        1    7.433524E+01  UB   1.000000E+02   I
    QUAD4           66   54        1    9.194922E+01  UB   1.000000E+02   A
    QUAD4           66   64        1    8.486941E+01  UB   1.000000E+02   I
    QUAD4           67   14        1    9.893628E+01  UB   1.000000E+02   A
    QUAD4           67   34        1    9.383675E+01  UB   1.000000E+02   A
    QUAD4           67   44        1    5.763984E+01  UB   1.000000E+02   I
    QUAD4           67   54        1    9.600969E+01  UB   1.000000E+02   A
    QUAD4           67   64        1    5.498855E+01  UB   1.000000E+02   I
    QUAD4           68   14        1    9.932929E+01  UB   1.000000E+02   A
    QUAD4           68   24        1    7.376492E+01  UB   1.000000E+02   I
    QUAD4           68   34        1    9.704801E+01  UB   1.000000E+02   A
    QUAD4           68   44        1    5.997614E+01  UB   1.000000E+02   I
    QUAD4           68   64        1    5.924980E+01  UB   1.000000E+02   I
    QUAD4           69   24        1    7.711729E+01  UB   1.000000E+02   I
    QUAD4           69   44        1    5.972541E+01  UB   1.000000E+02   I
    QUAD4           69   54        1    9.875114E+01  UB   1.000000E+02   A
    QUAD4           70   44        1    9.967846E+01  UB   1.000000E+02   A
    QUAD4           70   54        1    9.675176E+01  UB   1.000000E+02   A
    QUAD4           70   64        1    7.654542E+01  UB   1.000000E+02   I
    QUAD4           71   44        1    6.274582E+01  UB   1.000000E+02   I
    QUAD4           71   54        1    5.666896E+01  UB   1.000000E+02   I
    QUAD4           72   24        1    5.752987E+01  UB   1.000000E+02   I
    QUAD4           72   54        1    8.269827E+01  UB   1.000000E+02   I
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    QUAD4           72   64        1    9.965559E+01  UB   1.000000E+02   A
    QUAD4           73   24        1    9.375200E+01  UB   1.000000E+02   A
    QUAD4           73   54        1    9.952537E+01  UB   1.000000E+02   A
    QUAD4           74   24        1    9.596172E+01  UB   1.000000E+02   A
    QUAD4           74   54        1    9.943514E+01  UB   1.000000E+02   A
    QUAD4           75   24        1    9.904045E+01  UB   1.000000E+02   A
    QUAD4           75   34        1    9.830686E+01  UB   1.000000E+02   A
    QUAD4           75   44        1    8.691815E+01  UB   1.000000E+02   I
    QUAD4           75   54        1    8.327586E+01  UB   1.000000E+02   I
    QUAD4           76   24        1    8.651522E+01  UB   1.000000E+02   I
    QUAD4           76   34        1    9.850882E+01  UB   1.000000E+02   A
    QUAD4           76   44        1    7.195713E+01  UB   1.000000E+02   I
    QUAD4           76   54        1    9.808567E+01  UB   1.000000E+02   A
    QUAD4           76   64        1    8.967445E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4           77   14        1    9.961766E+01  UB   1.000000E+02   A
    QUAD4           77   24        1    9.957110E+01  UB   1.000000E+02   A
    QUAD4           77   34        1    9.831908E+01  UB   1.000000E+02   A
    QUAD4           77   44        1    9.166842E+01  UB   1.000000E+02   A
    QUAD4           77   54        1    8.348841E+01  UB   1.000000E+02   I
    QUAD4           77   64        1    7.906100E+01  UB   1.000000E+02   I
    QUAD4           78   14        1    9.906713E+01  UB   1.000000E+02   A
    QUAD4           78   24        1    6.907736E+01  UB   1.000000E+02   I
    QUAD4           78   44        1    7.588426E+01  UB   1.000000E+02   I
    QUAD4           78   54        1    8.628822E+01  UB   1.000000E+02   I
    QUAD4           78   64        1    6.099179E+01  UB   1.000000E+02   I
    QUAD4           79   14        1    9.908316E+01  UB   1.000000E+02   A
    QUAD4           79   24        1    6.353409E+01  UB   1.000000E+02   I
    QUAD4           79   44        1    7.193223E+01  UB   1.000000E+02   I
    QUAD4           79   54        1    9.830485E+01  UB   1.000000E+02   A
    QUAD4           79   64        1    9.495350E+01  UB   1.000000E+02   A
    QUAD4           80   14        1    9.927284E+01  UB   1.000000E+02   A
    QUAD4           80   24        1    7.179553E+01  UB   1.000000E+02   I
    QUAD4           80   54        1    9.609560E+01  UB   1.000000E+02   A
    QUAD4           80   64        1    8.771541E+01  UB   1.000000E+02   I
    QUAD4           81   14        1    9.967711E+01  UB   1.000000E+02   A
    QUAD4           81   24        1    5.862806E+01  UB   1.000000E+02   I
    QUAD4           81   54        1    8.707969E+01  UB   1.000000E+02   I
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    QUAD4           81   64        1    9.137552E+01  UB   1.000000E+02   A
    QUAD4           82   14        1    9.962384E+01  UB   1.000000E+02   A
    QUAD4           82   24        1    8.026690E+01  UB   1.000000E+02   I
    QUAD4           82   34        1    8.932738E+01  UB   1.000000E+02   I
    QUAD4           82   54        1    9.690946E+01  UB   1.000000E+02   A
    QUAD4           82   64        1    9.292987E+01  UB   1.000000E+02   A
    QUAD4           83   14        1    9.898767E+01  UB   1.000000E+02   A
    QUAD4           83   24        1    5.238449E+01  UB   1.000000E+02   I
    QUAD4           83   34        1    8.723649E+01  UB   1.000000E+02   I
    QUAD4           83   44        1    6.676834E+01  UB   1.000000E+02   I
    QUAD4           83   54        1    8.562038E+01  UB   1.000000E+02   I
    QUAD4           83   64        1    9.798896E+01  UB   1.000000E+02   A
    QUAD4           84   14        1    9.963435E+01  UB   1.000000E+02   A
    QUAD4           84   34        1    9.618481E+01  UB   1.000000E+02   A
    QUAD4           84   44        1    9.677442E+01  UB   1.000000E+02   A
    QUAD4           84   54        1    6.327569E+01  UB   1.000000E+02   I
    QUAD4           84   64        1    6.058575E+01  UB   1.000000E+02   I
    QUAD4           85   14        1    9.789305E+01  UB   1.000000E+02   A
    QUAD4           85   24        1    8.641365E+01  UB   1.000000E+02   I
    QUAD4           85   34        1    9.825116E+01  UB   1.000000E+02   A
    QUAD4           85   44        1    8.277767E+01  UB   1.000000E+02   I
    QUAD4           85   54        1    9.167838E+01  UB   1.000000E+02   A
    QUAD4           85   64        1    9.208718E+01  UB   1.000000E+02   A
    QUAD4           86   14        1    9.955186E+01  UB   1.000000E+02   A
    QUAD4           86   24        1    9.139914E+01  UB   1.000000E+02   A
    QUAD4           86   34        1    9.820530E+01  UB   1.000000E+02   A
    QUAD4           86   44        1    5.850520E+01  UB   1.000000E+02   I
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    QUAD4           86   54        1    8.997710E+01  UB   1.000000E+02   I
    QUAD4           86   64        1    5.849293E+01  UB   1.000000E+02   I
    QUAD4           87   24        1    9.708136E+01  UB   1.000000E+02   A
    QUAD4           87   34        1    9.792877E+01  UB   1.000000E+02   A
    QUAD4           87   54        1    5.843026E+01  UB   1.000000E+02   I
    QUAD4           87   64        1    9.937206E+01  UB   1.000000E+02   A
    QUAD4           88   24        1    9.947967E+01  UB   1.000000E+02   A
    QUAD4           88   44        1    5.283191E+01  UB   1.000000E+02   I
    QUAD4           89   24        1    9.957082E+01  UB   1.000000E+02   A
    QUAD4           89   44        1    9.749338E+01  UB   1.000000E+02   A
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    QUAD4           89   64        1    6.860021E+01  UB   1.000000E+02   I
    QUAD4           90   24        1    7.909408E+01  UB   1.000000E+02   I
    QUAD4           90   44        1    5.611374E+01  UB   1.000000E+02   I
    QUAD4           90   54        1    9.870877E+01  UB   1.000000E+02   A
    QUAD4           91   24        1    9.972062E+01  UB   1.000000E+02   A
    QUAD4           92   14        1    5.292667E+01  UB   1.000000E+02   I
    QUAD4           92   24        1    9.947931E+01  UB   1.000000E+02   A
    QUAD4           92   54        1    9.838021E+01  UB   1.000000E+02   A
    QUAD4           92   64        1    7.152144E+01  UB   1.000000E+02   I
    QUAD4           93   24        1    9.958466E+01  UB   1.000000E+02   A
    QUAD4           93   34        1    5.567052E+01  UB   1.000000E+02   I
    QUAD4           93   54        1    9.870439E+01  UB   1.000000E+02   A
    QUAD4           94   24        1    9.928259E+01  UB   1.000000E+02   A
    QUAD4           94   44        1    7.744679E+01  UB   1.000000E+02   I
    QUAD4           94   54        1    9.894263E+01  UB   1.000000E+02   A
    QUAD4           94   64        1    5.657374E+01  UB   1.000000E+02   I
    QUAD4           95   14        1    9.957069E+01  UB   1.000000E+02   A
    QUAD4           95   24        1    9.969781E+01  UB   1.000000E+02   A
    QUAD4           95   34        1    5.049024E+01  UB   1.000000E+02   I
    QUAD4           95   44        1    7.228078E+01  UB   1.000000E+02   I
    QUAD4           95   54        1    9.960764E+01  UB   1.000000E+02   A
    QUAD4           96   14        1    9.895447E+01  UB   1.000000E+02   A
    QUAD4           96   24        1    5.225302E+01  UB   1.000000E+02   I
    QUAD4           96   34        1    5.383518E+01  UB   1.000000E+02   I
    QUAD4           96   44        1    6.648353E+01  UB   1.000000E+02   I
    QUAD4           96   54        1    9.751613E+01  UB   1.000000E+02   A
    QUAD4           96   64        1    6.935172E+01  UB   1.000000E+02   I
    QUAD4           97   14        1    9.922216E+01  UB   1.000000E+02   A
    QUAD4           97   24        1    5.312125E+01  UB   1.000000E+02   I
    QUAD4           97   44        1    5.627697E+01  UB   1.000000E+02   I
    QUAD4           97   54        1    9.521031E+01  UB   1.000000E+02   A
    QUAD4           97   64        1    8.394865E+01  UB   1.000000E+02   I
    QUAD4           98   14        1    9.927801E+01  UB   1.000000E+02   A
    QUAD4           98   34        1    5.612411E+01  UB   1.000000E+02   I
    QUAD4           98   54        1    8.906197E+01  UB   1.000000E+02   I
    QUAD4           98   64        1    9.427293E+01  UB   1.000000E+02   A
    QUAD4           99   14        1    9.947980E+01  UB   1.000000E+02   A
    QUAD4           99   24        1    6.700630E+01  UB   1.000000E+02   I
    QUAD4           99   64        1    9.283427E+01  UB   1.000000E+02   A
    QUAD4          100   14        1    9.916864E+01  UB   1.000000E+02   A
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    QUAD4          100   24        1    5.119032E+01  UB   1.000000E+02   I
    QUAD4          100   54        1    9.604788E+01  UB   1.000000E+02   A
    QUAD4          100   64        1    9.874065E+01  UB   1.000000E+02   A
    QUAD4          101   14        1    9.933021E+01  UB   1.000000E+02   A
    QUAD4          101   24        1    8.289648E+01  UB   1.000000E+02   I
    QUAD4          101   34        1    9.243495E+01  UB   1.000000E+02   A
    QUAD4          101   44        1    8.926784E+01  UB   1.000000E+02   I
    QUAD4          101   64        1    9.802664E+01  UB   1.000000E+02   A
    QUAD4          102   14        1    9.948458E+01  UB   1.000000E+02   A
    QUAD4          102   24        1    5.894536E+01  UB   1.000000E+02   I
    QUAD4          102   34        1    7.394574E+01  UB   1.000000E+02   I
    QUAD4          102   44        1    6.566760E+01  UB   1.000000E+02   I
    QUAD4          102   54        1    9.272897E+01  UB   1.000000E+02   A
    QUAD4          102   64        1    9.533313E+01  UB   1.000000E+02   A
    QUAD4          103   14        1    9.895742E+01  UB   1.000000E+02   A
    QUAD4          103   24        1    5.182857E+01  UB   1.000000E+02   I
    QUAD4          103   34        1    9.876080E+01  UB   1.000000E+02   A
    QUAD4          103   44        1    8.546017E+01  UB   1.000000E+02   I
    QUAD4          104   14        1    8.655935E+01  UB   1.000000E+02   I
    QUAD4          104   24        1    9.830388E+01  UB   1.000000E+02   A
    QUAD4          104   34        1    8.781612E+01  UB   1.000000E+02   I
    QUAD4          104   44        1    7.808898E+01  UB   1.000000E+02   I
    QUAD4          104   54        1    9.669913E+01  UB   1.000000E+02   A
    QUAD4          104   64        1    8.589633E+01  UB   1.000000E+02   I
    QUAD4          105   14        1    9.584605E+01  UB   1.000000E+02   A
    QUAD4          105   24        1    8.511026E+01  UB   1.000000E+02   I
    QUAD4          105   34        1    9.870166E+01  UB   1.000000E+02   A
    QUAD4          105   44        1    9.874852E+01  UB   1.000000E+02   A
    QUAD4          105   54        1    9.302229E+01  UB   1.000000E+02   A
    QUAD4          105   64        1    6.345597E+01  UB   1.000000E+02   I
    QUAD4          106   14        1    6.031192E+01  UB   1.000000E+02   I
    QUAD4          106   24        1    9.910277E+01  UB   1.000000E+02   A
    QUAD4          106   34        1    6.256083E+01  UB   1.000000E+02   I
    QUAD4          106   54        1    9.511928E+01  UB   1.000000E+02   A
    QUAD4          107   24        1    9.959528E+01  UB   1.000000E+02   A
    QUAD4          107   54        1    9.769963E+01  UB   1.000000E+02   A
    QUAD4          107   64        1    8.870753E+01  UB   1.000000E+02   I
    QUAD4          108   14        1    5.886825E+01  UB   1.000000E+02   I
    QUAD4          108   24        1    9.970441E+01  UB   1.000000E+02   A
    QUAD4          108   54        1    9.209711E+01  UB   1.000000E+02   A
    QUAD4          108   64        1    5.882283E+01  UB   1.000000E+02   I
    QUAD4          109   24        1    9.967589E+01  UB   1.000000E+02   A
    QUAD4          109   54        1    6.451535E+01  UB   1.000000E+02   I
    QUAD4          110   24        1    9.946706E+01  UB   1.000000E+02   A
    QUAD4          110   54        1    9.893656E+01  UB   1.000000E+02   A
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    QUAD4          110   64        1    9.108494E+01  UB   1.000000E+02   A
    QUAD4          111   24        1    9.967341E+01  UB   1.000000E+02   A
    QUAD4          111   34        1    5.265693E+01  UB   1.000000E+02   I
    QUAD4          111   54        1    9.877055E+01  UB   1.000000E+02   A
    QUAD4          111   64        1    5.144651E+01  UB   1.000000E+02   I
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    QUAD4          112   14        1    9.960888E+01  UB   1.000000E+02   A
    QUAD4          112   24        1    9.953895E+01  UB   1.000000E+02   A
    QUAD4          112   44        1    7.008193E+01  UB   1.000000E+02   I
    QUAD4          112   54        1    6.180273E+01  UB   1.000000E+02   I
    QUAD4          113   14        1    8.691315E+01  UB   1.000000E+02   I
    QUAD4          113   24        1    9.968810E+01  UB   1.000000E+02   A
    QUAD4          113   64        1    5.509310E+01  UB   1.000000E+02   I
    QUAD4          114   14        1    9.933888E+01  UB   1.000000E+02   A
    QUAD4          114   24        1    7.501444E+01  UB   1.000000E+02   I
    QUAD4          114   64        1    9.729204E+01  UB   1.000000E+02   A
    QUAD4          115   14        1    9.845808E+01  UB   1.000000E+02   A
    QUAD4          115   34        1    8.502490E+01  UB   1.000000E+02   I
    QUAD4          115   44        1    8.828247E+01  UB   1.000000E+02   I
    QUAD4          115   54        1    9.775213E+01  UB   1.000000E+02   A
    QUAD4          115   64        1    9.501703E+01  UB   1.000000E+02   A
    QUAD4          116   14        1    9.917883E+01  UB   1.000000E+02   A
    QUAD4          116   24        1    7.583399E+01  UB   1.000000E+02   I
    QUAD4          116   54        1    7.641366E+01  UB   1.000000E+02   I
    QUAD4          116   64        1    9.719195E+01  UB   1.000000E+02   A
    QUAD4          117   14        1    9.907554E+01  UB   1.000000E+02   A
    QUAD4          117   64        1    9.600975E+01  UB   1.000000E+02   A
    QUAD4          118   14        1    9.944392E+01  UB   1.000000E+02   A
    QUAD4          118   64        1    9.942249E+01  UB   1.000000E+02   A
    QUAD4          119   14        1    9.891607E+01  UB   1.000000E+02   A
    QUAD4          119   44        1    6.732451E+01  UB   1.000000E+02   I
    QUAD4          119   64        1    9.713234E+01  UB   1.000000E+02   A
    QUAD4          120   14        1    9.791199E+01  UB   1.000000E+02   A
    QUAD4          120   24        1    7.210931E+01  UB   1.000000E+02   I
    QUAD4          120   34        1    8.445506E+01  UB   1.000000E+02   I
    QUAD4          120   44        1    7.214211E+01  UB   1.000000E+02   I
    QUAD4          120   64        1    9.415133E+01  UB   1.000000E+02   A
    QUAD4          121   14        1    9.906013E+01  UB   1.000000E+02   A
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    QUAD4          121   24        1    5.737516E+01  UB   1.000000E+02   I
    QUAD4          121   34        1    8.786353E+01  UB   1.000000E+02   I
    QUAD4          121   44        1    8.112079E+01  UB   1.000000E+02   I
    QUAD4          121   64        1    9.737471E+01  UB   1.000000E+02   A
    QUAD4          122   14        1    9.901836E+01  UB   1.000000E+02   A
    QUAD4          122   24        1    9.379713E+01  UB   1.000000E+02   A
    QUAD4          122   34        1    8.833390E+01  UB   1.000000E+02   I
    QUAD4          122   44        1    6.698824E+01  UB   1.000000E+02   I
    QUAD4          122   64        1    8.449924E+01  UB   1.000000E+02   I
    QUAD4          123   14        1    9.968559E+01  UB   1.000000E+02   A
    QUAD4          123   24        1    9.944667E+01  UB   1.000000E+02   A
    QUAD4          123   34        1    9.732862E+01  UB   1.000000E+02   A
    QUAD4          123   44        1    6.658473E+01  UB   1.000000E+02   I
    QUAD4          123   64        1    8.074234E+01  UB   1.000000E+02   I
    QUAD4          124   14        1    7.846286E+01  UB   1.000000E+02   I
    QUAD4          124   24        1    9.960451E+01  UB   1.000000E+02   A
    QUAD4          124   34        1    9.313456E+01  UB   1.000000E+02   A
    QUAD4          124   54        1    8.693749E+01  UB   1.000000E+02   I
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    QUAD4          125   24        1    9.966054E+01  UB   1.000000E+02   A
    QUAD4          125   54        1    9.904692E+01  UB   1.000000E+02   A
    QUAD4          125   64        1    9.631876E+01  UB   1.000000E+02   A
    QUAD4          126   24        1    9.953331E+01  UB   1.000000E+02   A
    QUAD4          126   34        1    5.846049E+01  UB   1.000000E+02   I
    QUAD4          126   54        1    9.011340E+01  UB   1.000000E+02   A
    QUAD4          126   64        1    6.466945E+01  UB   1.000000E+02   I
    QUAD4          127   24        1    9.950913E+01  UB   1.000000E+02   A
    QUAD4          127   54        1    7.360794E+01  UB   1.000000E+02   I
    QUAD4          127   64        1    5.449902E+01  UB   1.000000E+02   I
    QUAD4          128   24        1    9.884220E+01  UB   1.000000E+02   A
    QUAD4          128   54        1    9.827519E+01  UB   1.000000E+02   A
    QUAD4          128   64        1    8.972303E+01  UB   1.000000E+02   I
    QUAD4          129   14        1    9.759278E+01  UB   1.000000E+02   A
    QUAD4          129   24        1    9.969584E+01  UB   1.000000E+02   A
    QUAD4          129   54        1    9.033493E+01  UB   1.000000E+02   A
    QUAD4          130   14        1    9.972947E+01  UB   1.000000E+02   A
    QUAD4          130   24        1    9.971236E+01  UB   1.000000E+02   A
    QUAD4          130   44        1    5.191789E+01  UB   1.000000E+02   I
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    QUAD4          130   54        1    9.942995E+01  UB   1.000000E+02   A
    QUAD4          131   14        1    9.891796E+01  UB   1.000000E+02   A
    QUAD4          131   24        1    9.542466E+01  UB   1.000000E+02   A
    QUAD4          131   64        1    8.278562E+01  UB   1.000000E+02   I
    QUAD4          132   14        1    9.973353E+01  UB   1.000000E+02   A
    QUAD4          132   24        1    9.596245E+01  UB   1.000000E+02   A
    QUAD4          132   54        1    9.768210E+01  UB   1.000000E+02   A
    QUAD4          132   64        1    9.494053E+01  UB   1.000000E+02   A
    QUAD4          133   14        1    9.790624E+01  UB   1.000000E+02   A
    QUAD4          133   24        1    5.276407E+01  UB   1.000000E+02   I
    QUAD4          133   64        1    9.847634E+01  UB   1.000000E+02   A
    QUAD4          134   14        1    9.744892E+01  UB   1.000000E+02   A
    QUAD4          134   34        1    5.313888E+01  UB   1.000000E+02   I
    QUAD4          134   44        1    7.337534E+01  UB   1.000000E+02   I
    QUAD4          134   64        1    9.778067E+01  UB   1.000000E+02   A
    QUAD4          135   14        1    9.906997E+01  UB   1.000000E+02   A
    QUAD4          135   64        1    9.947605E+01  UB   1.000000E+02   A
    QUAD4          136   14        1    9.847489E+01  UB   1.000000E+02   A
    QUAD4          136   24        1    6.483825E+01  UB   1.000000E+02   I
    QUAD4          136   34        1    5.806891E+01  UB   1.000000E+02   I
    QUAD4          136   64        1    9.523268E+01  UB   1.000000E+02   A
    QUAD4          137   14        1    9.917492E+01  UB   1.000000E+02   A
    QUAD4          137   44        1    5.523285E+01  UB   1.000000E+02   I
    QUAD4          137   64        1    9.969336E+01  UB   1.000000E+02   A
    QUAD4          138   14        1    9.889191E+01  UB   1.000000E+02   A
    QUAD4          138   64        1    9.944505E+01  UB   1.000000E+02   A
    QUAD4          139   14        1    9.945661E+01  UB   1.000000E+02   A
    QUAD4          139   24        1    8.299707E+01  UB   1.000000E+02   I
    QUAD4          139   34        1    7.776584E+01  UB   1.000000E+02   I
    QUAD4          139   54        1    6.957505E+01  UB   1.000000E+02   I
    QUAD4          139   64        1    9.887414E+01  UB   1.000000E+02   A
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    QUAD4          140   14        1    9.925730E+01  UB   1.000000E+02   A
    QUAD4          140   24        1    9.304254E+01  UB   1.000000E+02   A
    QUAD4          140   34        1    6.654294E+01  UB   1.000000E+02   I
    QUAD4          140   64        1    9.826266E+01  UB   1.000000E+02   A
    QUAD4          141   14        1    9.966371E+01  UB   1.000000E+02   A
    QUAD4          141   24        1    9.728572E+01  UB   1.000000E+02   A
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    QUAD4          141   34        1    9.914601E+01  UB   1.000000E+02   A
    QUAD4          141   54        1    7.897581E+01  UB   1.000000E+02   I
    QUAD4          141   64        1    9.547352E+01  UB   1.000000E+02   A
    QUAD4          142   14        1    9.420044E+01  UB   1.000000E+02   A
    QUAD4          142   24        1    9.968806E+01  UB   1.000000E+02   A
    QUAD4          142   54        1    7.013625E+01  UB   1.000000E+02   I
    QUAD4          142   64        1    7.892987E+01  UB   1.000000E+02   I
    QUAD4          143   24        1    9.943992E+01  UB   1.000000E+02   A
    QUAD4          143   54        1    9.844493E+01  UB   1.000000E+02   A
    QUAD4          143   64        1    9.746480E+01  UB   1.000000E+02   A
    QUAD4          144   24        1    9.965735E+01  UB   1.000000E+02   A
    QUAD4          144   54        1    9.303729E+01  UB   1.000000E+02   A
    QUAD4          144   64        1    5.679093E+01  UB   1.000000E+02   I
    QUAD4          145   24        1    9.965404E+01  UB   1.000000E+02   A
    QUAD4          145   54        1    7.011291E+01  UB   1.000000E+02   I
    QUAD4          145   64        1    5.151126E+01  UB   1.000000E+02   I
    QUAD4          146   24        1    9.931026E+01  UB   1.000000E+02   A
    QUAD4          146   54        1    9.905007E+01  UB   1.000000E+02   A
    QUAD4          146   64        1    9.397273E+01  UB   1.000000E+02   A
    QUAD4          147   14        1    9.724370E+01  UB   1.000000E+02   A
    QUAD4          147   24        1    9.969441E+01  UB   1.000000E+02   A
    QUAD4          147   54        1    8.122379E+01  UB   1.000000E+02   I
    QUAD4          147   64        1    8.505418E+01  UB   1.000000E+02   I
    QUAD4          148   14        1    9.910285E+01  UB   1.000000E+02   A
    QUAD4          148   24        1    9.930973E+01  UB   1.000000E+02   A
    QUAD4          148   64        1    8.593538E+01  UB   1.000000E+02   I
    QUAD4          149   14        1    9.962404E+01  UB   1.000000E+02   A
    QUAD4          149   24        1    9.539335E+01  UB   1.000000E+02   A
    QUAD4          149   34        1    5.188619E+01  UB   1.000000E+02   I
    QUAD4          149   54        1    9.958604E+01  UB   1.000000E+02   A
    QUAD4          149   64        1    9.928609E+01  UB   1.000000E+02   A
    QUAD4          150   14        1    9.964648E+01  UB   1.000000E+02   A
    QUAD4          150   24        1    6.621869E+01  UB   1.000000E+02   I
    QUAD4          150   64        1    9.942820E+01  UB   1.000000E+02   A
    QUAD4          151   14        1    9.965143E+01  UB   1.000000E+02   A
    QUAD4          151   24        1    8.385889E+01  UB   1.000000E+02   I
    QUAD4          151   34        1    5.767988E+01  UB   1.000000E+02   I
    QUAD4          151   54        1    9.966647E+01  UB   1.000000E+02   A
    QUAD4          151   64        1    9.969620E+01  UB   1.000000E+02   A
    QUAD4          152   14        1    9.938993E+01  UB   1.000000E+02   A
    QUAD4          152   24        1    5.899302E+01  UB   1.000000E+02   I
    QUAD4          152   64        1    9.970115E+01  UB   1.000000E+02   A
    QUAD4          153   14        1    9.809902E+01  UB   1.000000E+02   A
    QUAD4          153   24        1    6.012100E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          153   44        1    5.863554E+01  UB   1.000000E+02   I
    QUAD4          153   64        1    9.905978E+01  UB   1.000000E+02   A
    QUAD4          154   14        1    9.873923E+01  UB   1.000000E+02   A
    QUAD4          154   24        1    5.595755E+01  UB   1.000000E+02   I
    QUAD4          154   34        1    7.006600E+01  UB   1.000000E+02   I
    QUAD4          154   64        1    9.970203E+01  UB   1.000000E+02   A
    QUAD4          155   14        1    9.828026E+01  UB   1.000000E+02   A
    QUAD4          155   24        1    8.025233E+01  UB   1.000000E+02   I
    QUAD4          155   34        1    8.446499E+01  UB   1.000000E+02   I
    QUAD4          155   44        1    6.087040E+01  UB   1.000000E+02   I
    QUAD4          155   54        1    6.616217E+01  UB   1.000000E+02   I
    QUAD4          155   64        1    9.722563E+01  UB   1.000000E+02   A
    QUAD4          156   14        1    9.925154E+01  UB   1.000000E+02   A
    QUAD4          156   24        1    6.378070E+01  UB   1.000000E+02   I
    QUAD4          156   34        1    5.436442E+01  UB   1.000000E+02   I
    QUAD4          156   64        1    9.968170E+01  UB   1.000000E+02   A
    QUAD4          157   14        1    9.967480E+01  UB   1.000000E+02   A
    QUAD4          157   24        1    7.772395E+01  UB   1.000000E+02   I
    QUAD4          157   64        1    9.958110E+01  UB   1.000000E+02   A
    QUAD4          158   14        1    9.956503E+01  UB   1.000000E+02   A
    QUAD4          158   24        1    8.047468E+01  UB   1.000000E+02   I
    QUAD4          158   34        1    7.993308E+01  UB   1.000000E+02   I
    QUAD4          158   54        1    9.969044E+01  UB   1.000000E+02   A
    QUAD4          158   64        1    9.939912E+01  UB   1.000000E+02   A
    QUAD4          159   14        1    9.967473E+01  UB   1.000000E+02   A
    QUAD4          159   24        1    9.934782E+01  UB   1.000000E+02   A
    QUAD4          159   64        1    8.898099E+01  UB   1.000000E+02   I
    QUAD4          160   14        1    9.832493E+01  UB   1.000000E+02   A
    QUAD4          160   24        1    9.969493E+01  UB   1.000000E+02   A
    QUAD4          160   54        1    9.663074E+01  UB   1.000000E+02   A
    QUAD4          160   64        1    8.422516E+01  UB   1.000000E+02   I
    QUAD4          161   24        1    9.905015E+01  UB   1.000000E+02   A
    QUAD4          161   54        1    9.843280E+01  UB   1.000000E+02   A
    QUAD4          161   64        1    9.414295E+01  UB   1.000000E+02   A
    QUAD4          162   24        1    9.949567E+01  UB   1.000000E+02   A
    QUAD4          162   54        1    8.126025E+01  UB   1.000000E+02   I
    QUAD4          162   64        1    5.343279E+01  UB   1.000000E+02   I
    QUAD4          163   24        1    9.952345E+01  UB   1.000000E+02   A
    QUAD4          163   54        1    8.780186E+01  UB   1.000000E+02   I
    QUAD4          163   64        1    5.714977E+01  UB   1.000000E+02   I
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    QUAD4          164   24        1    9.890035E+01  UB   1.000000E+02   A
    QUAD4          164   54        1    9.817743E+01  UB   1.000000E+02   A
    QUAD4          164   64        1    9.157560E+01  UB   1.000000E+02   A
    QUAD4          165   14        1    9.851598E+01  UB   1.000000E+02   A
    QUAD4          165   24        1    9.969250E+01  UB   1.000000E+02   A
    QUAD4          165   54        1    9.694926E+01  UB   1.000000E+02   A
    QUAD4          165   64        1    8.261045E+01  UB   1.000000E+02   I
    QUAD4          166   14        1    9.963568E+01  UB   1.000000E+02   A
    QUAD4          166   24        1    9.921634E+01  UB   1.000000E+02   A
    QUAD4          166   64        1    8.853424E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          167   14        1    9.968650E+01  UB   1.000000E+02   A
    QUAD4          167   24        1    8.455973E+01  UB   1.000000E+02   I
    QUAD4          167   34        1    8.422604E+01  UB   1.000000E+02   I
    QUAD4          167   54        1    9.968502E+01  UB   1.000000E+02   A
    QUAD4          167   64        1    9.965974E+01  UB   1.000000E+02   A
    QUAD4          168   14        1    9.970314E+01  UB   1.000000E+02   A
    QUAD4          168   24        1    8.125646E+01  UB   1.000000E+02   I
    QUAD4          168   64        1    9.939882E+01  UB   1.000000E+02   A
    QUAD4          169   14        1    9.898634E+01  UB   1.000000E+02   A
    QUAD4          169   24        1    6.254423E+01  UB   1.000000E+02   I
    QUAD4          169   64        1    9.969269E+01  UB   1.000000E+02   A
    QUAD4          170   14        1    9.844023E+01  UB   1.000000E+02   A
    QUAD4          170   24        1    7.957548E+01  UB   1.000000E+02   I
    QUAD4          170   34        1    7.948468E+01  UB   1.000000E+02   I
    QUAD4          170   44        1    6.283796E+01  UB   1.000000E+02   I
    QUAD4          170   54        1    6.163991E+01  UB   1.000000E+02   I
    QUAD4          170   64        1    9.740280E+01  UB   1.000000E+02   A
    QUAD4          171   14        1    9.856375E+01  UB   1.000000E+02   A
    QUAD4          171   24        1    5.186499E+01  UB   1.000000E+02   I
    QUAD4          171   34        1    6.691007E+01  UB   1.000000E+02   I
    QUAD4          171   64        1    9.969321E+01  UB   1.000000E+02   A
    QUAD4          172   14        1    9.776392E+01  UB   1.000000E+02   A
    QUAD4          172   24        1    5.870945E+01  UB   1.000000E+02   I
    QUAD4          172   44        1    5.677105E+01  UB   1.000000E+02   I
    QUAD4          172   64        1    9.901081E+01  UB   1.000000E+02   A
    QUAD4          173   14        1    9.942983E+01  UB   1.000000E+02   A
    QUAD4          173   24        1    6.318351E+01  UB   1.000000E+02   I
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    QUAD4          173   64        1    9.969560E+01  UB   1.000000E+02   A
    QUAD4          174   14        1    9.965418E+01  UB   1.000000E+02   A
    QUAD4          174   24        1    8.670849E+01  UB   1.000000E+02   I
    QUAD4          174   54        1    9.958798E+01  UB   1.000000E+02   A
    QUAD4          174   64        1    9.969674E+01  UB   1.000000E+02   A
    QUAD4          175   14        1    9.950442E+01  UB   1.000000E+02   A
    QUAD4          175   24        1    7.671006E+01  UB   1.000000E+02   I
    QUAD4          175   54        1    5.639451E+01  UB   1.000000E+02   I
    QUAD4          175   64        1    9.582909E+01  UB   1.000000E+02   A
    QUAD4          176   14        1    9.969601E+01  UB   1.000000E+02   A
    QUAD4          176   24        1    9.398086E+01  UB   1.000000E+02   A
    QUAD4          176   34        1    5.454914E+01  UB   1.000000E+02   I
    QUAD4          176   54        1    9.952884E+01  UB   1.000000E+02   A
    QUAD4          176   64        1    9.945218E+01  UB   1.000000E+02   A
    QUAD4          177   14        1    9.935272E+01  UB   1.000000E+02   A
    QUAD4          177   24        1    9.934264E+01  UB   1.000000E+02   A
    QUAD4          177   64        1    8.432423E+01  UB   1.000000E+02   I
    QUAD4          178   14        1    9.587034E+01  UB   1.000000E+02   A
    QUAD4          178   24        1    9.969325E+01  UB   1.000000E+02   A
    QUAD4          178   54        1    7.513099E+01  UB   1.000000E+02   I
    QUAD4          178   64        1    8.565013E+01  UB   1.000000E+02   I
    QUAD4          179   24        1    9.953629E+01  UB   1.000000E+02   A
    QUAD4          179   54        1    9.948705E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          179   64        1    9.639369E+01  UB   1.000000E+02   A
    QUAD4          180   24        1    9.959784E+01  UB   1.000000E+02   A
    QUAD4          180   54        1    6.724022E+01  UB   1.000000E+02   I
    QUAD4          181   24        1    9.967148E+01  UB   1.000000E+02   A
    QUAD4          181   54        1    9.700754E+01  UB   1.000000E+02   A
    QUAD4          181   64        1    5.980913E+01  UB   1.000000E+02   I
    QUAD4          182   24        1    9.950836E+01  UB   1.000000E+02   A
    QUAD4          182   54        1    9.808555E+01  UB   1.000000E+02   A
    QUAD4          182   64        1    9.398962E+01  UB   1.000000E+02   A
    QUAD4          183   14        1    9.451415E+01  UB   1.000000E+02   A
    QUAD4          183   24        1    9.968914E+01  UB   1.000000E+02   A
    QUAD4          183   54        1    6.434096E+01  UB   1.000000E+02   I
    QUAD4          183   64        1    7.631820E+01  UB   1.000000E+02   I
    QUAD4          184   14        1    9.964790E+01  UB   1.000000E+02   A
1428 Design Examples Manual November 2009 GENESIS



    QUAD4          184   24        1    9.844684E+01  UB   1.000000E+02   A
    QUAD4          184   34        1    9.942835E+01  UB   1.000000E+02   A
    QUAD4          184   54        1    8.329267E+01  UB   1.000000E+02   I
    QUAD4          184   64        1    9.320065E+01  UB   1.000000E+02   A
    QUAD4          185   14        1    9.936904E+01  UB   1.000000E+02   A
    QUAD4          185   24        1    9.299477E+01  UB   1.000000E+02   A
    QUAD4          185   34        1    6.435442E+01  UB   1.000000E+02   I
    QUAD4          185   64        1    9.751950E+01  UB   1.000000E+02   A
    QUAD4          186   14        1    9.959832E+01  UB   1.000000E+02   A
    QUAD4          186   24        1    8.787070E+01  UB   1.000000E+02   I
    QUAD4          186   34        1    8.264457E+01  UB   1.000000E+02   I
    QUAD4          186   54        1    9.965876E+01  UB   1.000000E+02   A
    QUAD4          186   64        1    9.919931E+01  UB   1.000000E+02   A
    QUAD4          187   14        1    9.900480E+01  UB   1.000000E+02   A
    QUAD4          187   44        1    5.297578E+01  UB   1.000000E+02   I
    QUAD4          187   64        1    9.926552E+01  UB   1.000000E+02   A
    QUAD4          188   14        1    9.918951E+01  UB   1.000000E+02   A
    QUAD4          188   44        1    5.757632E+01  UB   1.000000E+02   I
    QUAD4          188   64        1    9.962566E+01  UB   1.000000E+02   A
    QUAD4          189   14        1    9.839546E+01  UB   1.000000E+02   A
    QUAD4          189   24        1    6.428990E+01  UB   1.000000E+02   I
    QUAD4          189   34        1    6.801880E+01  UB   1.000000E+02   I
    QUAD4          189   44        1    5.062151E+01  UB   1.000000E+02   I
    QUAD4          189   64        1    9.181523E+01  UB   1.000000E+02   A
    QUAD4          190   14        1    9.908976E+01  UB   1.000000E+02   A
    QUAD4          190   24        1    5.114800E+01  UB   1.000000E+02   I
    QUAD4          190   64        1    9.955276E+01  UB   1.000000E+02   A
    QUAD4          191   14        1    9.819574E+01  UB   1.000000E+02   A
    QUAD4          191   34        1    5.253687E+01  UB   1.000000E+02   I
    QUAD4          191   44        1    7.411712E+01  UB   1.000000E+02   I
    QUAD4          191   54        1    5.923494E+01  UB   1.000000E+02   I
    QUAD4          191   64        1    9.900126E+01  UB   1.000000E+02   A
    QUAD4          192   14        1    9.840779E+01  UB   1.000000E+02   A
    QUAD4          192   24        1    5.805300E+01  UB   1.000000E+02   I
    QUAD4          192   54        1    6.967592E+01  UB   1.000000E+02   I
    QUAD4          192   64        1    9.966417E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          193   14        1    9.939539E+01  UB   1.000000E+02   A
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    QUAD4          193   24        1    8.372416E+01  UB   1.000000E+02   I
    QUAD4          193   64        1    9.899980E+01  UB   1.000000E+02   A
    QUAD4          194   14        1    9.943072E+01  UB   1.000000E+02   A
    QUAD4          194   24        1    9.450021E+01  UB   1.000000E+02   A
    QUAD4          194   64        1    8.968298E+01  UB   1.000000E+02   I
    QUAD4          195   14        1    9.965850E+01  UB   1.000000E+02   A
    QUAD4          195   24        1    9.953282E+01  UB   1.000000E+02   A
    QUAD4          195   54        1    6.418819E+01  UB   1.000000E+02   I
    QUAD4          195   64        1    5.790101E+01  UB   1.000000E+02   I
    QUAD4          196   14        1    9.779646E+01  UB   1.000000E+02   A
    QUAD4          196   24        1    9.970349E+01  UB   1.000000E+02   A
    QUAD4          196   54        1    9.199880E+01  UB   1.000000E+02   A
    QUAD4          197   24        1    9.835563E+01  UB   1.000000E+02   A
    QUAD4          197   54        1    9.781739E+01  UB   1.000000E+02   A
    QUAD4          197   64        1    9.045784E+01  UB   1.000000E+02   A
    QUAD4          198   24        1    9.945479E+01  UB   1.000000E+02   A
    QUAD4          198   54        1    7.016960E+01  UB   1.000000E+02   I
    QUAD4          198   64        1    5.303304E+01  UB   1.000000E+02   I
    QUAD4          199   24        1    9.961095E+01  UB   1.000000E+02   A
    QUAD4          199   34        1    5.718511E+01  UB   1.000000E+02   I
    QUAD4          199   54        1    9.716401E+01  UB   1.000000E+02   A
    QUAD4          199   64        1    7.244610E+01  UB   1.000000E+02   I
    QUAD4          200   24        1    9.970063E+01  UB   1.000000E+02   A
    QUAD4          200   54        1    9.873651E+01  UB   1.000000E+02   A
    QUAD4          200   64        1    9.039501E+01  UB   1.000000E+02   A
    QUAD4          201   14        1    8.857079E+01  UB   1.000000E+02   I
    QUAD4          201   24        1    9.966711E+01  UB   1.000000E+02   A
    QUAD4          201   34        1    9.393938E+01  UB   1.000000E+02   A
    QUAD4          201   54        1    9.433903E+01  UB   1.000000E+02   A
    QUAD4          202   14        1    9.967965E+01  UB   1.000000E+02   A
    QUAD4          202   24        1    9.930737E+01  UB   1.000000E+02   A
    QUAD4          202   34        1    9.425285E+01  UB   1.000000E+02   A
    QUAD4          202   44        1    5.877355E+01  UB   1.000000E+02   I
    QUAD4          202   64        1    8.373351E+01  UB   1.000000E+02   I
    QUAD4          203   14        1    9.907238E+01  UB   1.000000E+02   A
    QUAD4          203   24        1    8.897046E+01  UB   1.000000E+02   I
    QUAD4          203   34        1    7.886730E+01  UB   1.000000E+02   I
    QUAD4          203   44        1    6.485392E+01  UB   1.000000E+02   I
    QUAD4          203   64        1    9.051141E+01  UB   1.000000E+02   A
    QUAD4          204   14        1    9.891819E+01  UB   1.000000E+02   A
    QUAD4          204   24        1    5.212461E+01  UB   1.000000E+02   I
    QUAD4          204   34        1    7.575775E+01  UB   1.000000E+02   I
    QUAD4          204   44        1    6.838810E+01  UB   1.000000E+02   I
    QUAD4          204   64        1    9.445545E+01  UB   1.000000E+02   A
    QUAD4          205   14        1    9.790543E+01  UB   1.000000E+02   A
    QUAD4          205   24        1    6.834205E+01  UB   1.000000E+02   I
    QUAD4          205   34        1    8.472351E+01  UB   1.000000E+02   I
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    QUAD4          205   44        1    7.207380E+01  UB   1.000000E+02   I
    QUAD4          205   64        1    9.540461E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          206   14        1    9.900432E+01  UB   1.000000E+02   A
    QUAD4          206   44        1    6.642240E+01  UB   1.000000E+02   I
    QUAD4          206   64        1    9.853925E+01  UB   1.000000E+02   A
    QUAD4          207   14        1    9.919062E+01  UB   1.000000E+02   A
    QUAD4          207   64        1    9.942140E+01  UB   1.000000E+02   A
    QUAD4          208   14        1    9.933913E+01  UB   1.000000E+02   A
    QUAD4          208   64        1    9.558208E+01  UB   1.000000E+02   A
    QUAD4          209   14        1    9.916259E+01  UB   1.000000E+02   A
    QUAD4          209   24        1    7.377556E+01  UB   1.000000E+02   I
    QUAD4          209   54        1    8.241223E+01  UB   1.000000E+02   I
    QUAD4          209   64        1    9.375204E+01  UB   1.000000E+02   A
    QUAD4          210   14        1    9.853342E+01  UB   1.000000E+02   A
    QUAD4          210   34        1    7.184180E+01  UB   1.000000E+02   I
    QUAD4          210   44        1    7.221508E+01  UB   1.000000E+02   I
    QUAD4          210   54        1    9.812737E+01  UB   1.000000E+02   A
    QUAD4          210   64        1    9.264574E+01  UB   1.000000E+02   A
    QUAD4          211   14        1    9.966233E+01  UB   1.000000E+02   A
    QUAD4          211   24        1    8.185315E+01  UB   1.000000E+02   I
    QUAD4          211   54        1    9.931935E+01  UB   1.000000E+02   A
    QUAD4          211   64        1    6.349242E+01  UB   1.000000E+02   I
    QUAD4          212   14        1    9.753601E+01  UB   1.000000E+02   A
    QUAD4          212   24        1    9.879113E+01  UB   1.000000E+02   A
    QUAD4          212   44        1    5.168966E+01  UB   1.000000E+02   I
    QUAD4          212   64        1    6.044277E+01  UB   1.000000E+02   I
    QUAD4          213   14        1    9.943071E+01  UB   1.000000E+02   A
    QUAD4          213   24        1    9.899297E+01  UB   1.000000E+02   A
    QUAD4          213   44        1    7.615466E+01  UB   1.000000E+02   I
    QUAD4          213   54        1    7.029715E+01  UB   1.000000E+02   I
    QUAD4          214   24        1    9.966845E+01  UB   1.000000E+02   A
    QUAD4          214   54        1    9.774818E+01  UB   1.000000E+02   A
    QUAD4          215   24        1    9.906916E+01  UB   1.000000E+02   A
    QUAD4          215   54        1    9.850882E+01  UB   1.000000E+02   A
    QUAD4          215   64        1    9.237197E+01  UB   1.000000E+02   A
    QUAD4          216   14        1    5.122356E+01  UB   1.000000E+02   I
    QUAD4          216   24        1    9.967284E+01  UB   1.000000E+02   A
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    QUAD4          216   54        1    6.276165E+01  UB   1.000000E+02   I
    QUAD4          217   14        1    5.811216E+01  UB   1.000000E+02   I
    QUAD4          217   24        1    9.959064E+01  UB   1.000000E+02   A
    QUAD4          217   54        1    9.707562E+01  UB   1.000000E+02   A
    QUAD4          217   64        1    6.841249E+01  UB   1.000000E+02   I
    QUAD4          218   24        1    9.971247E+01  UB   1.000000E+02   A
    QUAD4          218   54        1    9.838848E+01  UB   1.000000E+02   A
    QUAD4          218   64        1    9.052428E+01  UB   1.000000E+02   A
    QUAD4          219   14        1    7.706530E+01  UB   1.000000E+02   I
    QUAD4          219   24        1    9.800388E+01  UB   1.000000E+02   A
    QUAD4          219   34        1    7.404185E+01  UB   1.000000E+02   I
    QUAD4          219   54        1    9.346385E+01  UB   1.000000E+02   A
    QUAD4          220   14        1    7.894136E+01  UB   1.000000E+02   I
    QUAD4          220   24        1    9.490781E+01  UB   1.000000E+02   A
    QUAD4          220   34        1    9.900545E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          220   44        1    9.903039E+01  UB   1.000000E+02   A
    QUAD4          220   54        1    9.788144E+01  UB   1.000000E+02   A
    QUAD4          220   64        1    6.674732E+01  UB   1.000000E+02   I
    QUAD4          221   14        1    9.787273E+01  UB   1.000000E+02   A
    QUAD4          221   24        1    9.916338E+01  UB   1.000000E+02   A
    QUAD4          221   34        1    9.411751E+01  UB   1.000000E+02   A
    QUAD4          221   44        1    7.747377E+01  UB   1.000000E+02   I
    QUAD4          221   54        1    9.838774E+01  UB   1.000000E+02   A
    QUAD4          221   64        1    9.001775E+01  UB   1.000000E+02   A
    QUAD4          222   14        1    9.958298E+01  UB   1.000000E+02   A
    QUAD4          222   24        1    5.574842E+01  UB   1.000000E+02   I
    QUAD4          222   34        1    9.892762E+01  UB   1.000000E+02   A
    QUAD4          222   44        1    9.569254E+01  UB   1.000000E+02   A
    QUAD4          222   54        1    7.013177E+01  UB   1.000000E+02   I
    QUAD4          223   14        1    9.923565E+01  UB   1.000000E+02   A
    QUAD4          223   24        1    5.961757E+01  UB   1.000000E+02   I
    QUAD4          223   34        1    8.273408E+01  UB   1.000000E+02   I
    QUAD4          223   44        1    6.721536E+01  UB   1.000000E+02   I
    QUAD4          223   54        1    8.700448E+01  UB   1.000000E+02   I
    QUAD4          223   64        1    9.703610E+01  UB   1.000000E+02   A
    QUAD4          224   14        1    9.956240E+01  UB   1.000000E+02   A
    QUAD4          224   24        1    8.347227E+01  UB   1.000000E+02   I
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    QUAD4          224   34        1    9.478898E+01  UB   1.000000E+02   A
    QUAD4          224   44        1    9.562913E+01  UB   1.000000E+02   A
    QUAD4          224   64        1    9.905878E+01  UB   1.000000E+02   A
    QUAD4          225   14        1    9.933694E+01  UB   1.000000E+02   A
    QUAD4          225   54        1    9.096513E+01  UB   1.000000E+02   A
    QUAD4          225   64        1    9.848134E+01  UB   1.000000E+02   A
    QUAD4          226   14        1    9.949030E+01  UB   1.000000E+02   A
    QUAD4          226   24        1    6.291660E+01  UB   1.000000E+02   I
    QUAD4          226   64        1    9.273336E+01  UB   1.000000E+02   A
    QUAD4          227   14        1    9.923387E+01  UB   1.000000E+02   A
    QUAD4          227   54        1    9.752798E+01  UB   1.000000E+02   A
    QUAD4          227   64        1    9.450496E+01  UB   1.000000E+02   A
    QUAD4          228   14        1    9.955620E+01  UB   1.000000E+02   A
    QUAD4          228   24        1    6.153192E+01  UB   1.000000E+02   I
    QUAD4          228   44        1    5.388867E+01  UB   1.000000E+02   I
    QUAD4          228   54        1    7.450081E+01  UB   1.000000E+02   I
    QUAD4          228   64        1    6.155774E+01  UB   1.000000E+02   I
    QUAD4          229   14        1    9.905291E+01  UB   1.000000E+02   A
    QUAD4          229   24        1    5.794157E+01  UB   1.000000E+02   I
    QUAD4          229   44        1    5.664143E+01  UB   1.000000E+02   I
    QUAD4          229   54        1    9.822383E+01  UB   1.000000E+02   A
    QUAD4          229   64        1    7.478035E+01  UB   1.000000E+02   I
    QUAD4          230   14        1    9.970936E+01  UB   1.000000E+02   A
    QUAD4          230   24        1    9.966095E+01  UB   1.000000E+02   A
    QUAD4          230   34        1    8.769548E+01  UB   1.000000E+02   I
    QUAD4          230   44        1    6.550061E+01  UB   1.000000E+02   I
    QUAD4          230   54        1    9.841649E+01  UB   1.000000E+02   A
    QUAD4          231   24        1    9.877593E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          231   44        1    7.494683E+01  UB   1.000000E+02   I
    QUAD4          231   54        1    9.607755E+01  UB   1.000000E+02   A
    QUAD4          232   24        1    9.970888E+01  UB   1.000000E+02   A
    QUAD4          232   34        1    5.138786E+01  UB   1.000000E+02   I
    QUAD4          232   54        1    9.912871E+01  UB   1.000000E+02   A
    QUAD4          233   14        1    5.545926E+01  UB   1.000000E+02   I
    QUAD4          233   24        1    9.938534E+01  UB   1.000000E+02   A
    QUAD4          233   54        1    9.882358E+01  UB   1.000000E+02   A
    QUAD4          233   64        1    6.935816E+01  UB   1.000000E+02   I
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    QUAD4          234   24        1    9.971673E+01  UB   1.000000E+02   A
    QUAD4          235   14        1    6.060364E+01  UB   1.000000E+02   I
    QUAD4          235   24        1    9.762313E+01  UB   1.000000E+02   A
    QUAD4          235   44        1    6.892768E+01  UB   1.000000E+02   I
    QUAD4          235   54        1    9.877560E+01  UB   1.000000E+02   A
    QUAD4          236   24        1    9.880100E+01  UB   1.000000E+02   A
    QUAD4          236   44        1    9.645572E+01  UB   1.000000E+02   A
    QUAD4          237   24        1    9.997450E+01  UB   1.000000E+02   A
    QUAD4          237   34        1    9.248675E+01  UB   1.000000E+02   A
    QUAD4          237   44        1    7.126077E+01  UB   1.000000E+02   I
    QUAD4          238   14        1    7.283168E+01  UB   1.000000E+02   I
    QUAD4          238   24        1    9.576466E+01  UB   1.000000E+02   A
    QUAD4          238   34        1    9.693504E+01  UB   1.000000E+02   A
    QUAD4          238   54        1    5.048790E+01  UB   1.000000E+02   I
    QUAD4          239   14        1    9.803768E+01  UB   1.000000E+02   A
    QUAD4          239   24        1    8.263944E+01  UB   1.000000E+02   I
    QUAD4          239   34        1    9.897173E+01  UB   1.000000E+02   A
    QUAD4          239   44        1    5.499953E+01  UB   1.000000E+02   I
    QUAD4          239   54        1    8.295887E+01  UB   1.000000E+02   I
    QUAD4          239   64        1    5.645906E+01  UB   1.000000E+02   I
    QUAD4          240   14        1    9.967856E+01  UB   1.000000E+02   A
    QUAD4          240   24        1    9.483783E+01  UB   1.000000E+02   A
    QUAD4          240   34        1    9.822620E+01  UB   1.000000E+02   A
    QUAD4          240   44        1    8.075471E+01  UB   1.000000E+02   I
    QUAD4          240   54        1    9.786329E+01  UB   1.000000E+02   A
    QUAD4          240   64        1    9.132445E+01  UB   1.000000E+02   A
    QUAD4          241   14        1    9.952165E+01  UB   1.000000E+02   A
    QUAD4          241   34        1    9.539726E+01  UB   1.000000E+02   A
    QUAD4          241   44        1    9.741919E+01  UB   1.000000E+02   A
    QUAD4          241   54        1    7.415491E+01  UB   1.000000E+02   I
    QUAD4          241   64        1    5.999389E+01  UB   1.000000E+02   I
    QUAD4          242   14        1    9.945162E+01  UB   1.000000E+02   A
    QUAD4          242   24        1    5.097536E+01  UB   1.000000E+02   I
    QUAD4          242   34        1    9.822147E+01  UB   1.000000E+02   A
    QUAD4          242   44        1    8.220257E+01  UB   1.000000E+02   I
    QUAD4          242   54        1    7.852150E+01  UB   1.000000E+02   I
    QUAD4          242   64        1    9.819841E+01  UB   1.000000E+02   A
    QUAD4          243   14        1    9.961023E+01  UB   1.000000E+02   A
    QUAD4          243   24        1    7.935201E+01  UB   1.000000E+02   I
    QUAD4          243   34        1    9.330797E+01  UB   1.000000E+02   A
    QUAD4          243   44        1    5.113169E+01  UB   1.000000E+02   I
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--
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--
    QUAD4          243   54        1    9.842693E+01  UB   1.000000E+02   A
    QUAD4          243   64        1    9.421226E+01  UB   1.000000E+02   A
    QUAD4          244   14        1    9.942597E+01  UB   1.000000E+02   A
    QUAD4          244   54        1    9.097197E+01  UB   1.000000E+02   A
    QUAD4          244   64        1    8.670857E+01  UB   1.000000E+02   I
    QUAD4          245   14        1    9.952737E+01  UB   1.000000E+02   A
    QUAD4          245   24        1    7.314861E+01  UB   1.000000E+02   I
    QUAD4          245   54        1    5.649518E+01  UB   1.000000E+02   I
    QUAD4          245   64        1    7.563389E+01  UB   1.000000E+02   I
    QUAD4          246   14        1    9.875380E+01  UB   1.000000E+02   A
    QUAD4          246   34        1    6.485878E+01  UB   1.000000E+02   I
    QUAD4          246   44        1    8.188469E+01  UB   1.000000E+02   I
    QUAD4          246   54        1    9.816803E+01  UB   1.000000E+02   A
    QUAD4          246   64        1    9.360434E+01  UB   1.000000E+02   A
    QUAD4          247   14        1    9.913490E+01  UB   1.000000E+02   A
    QUAD4          247   24        1    7.854686E+01  UB   1.000000E+02   I
    QUAD4          247   34        1    8.345264E+01  UB   1.000000E+02   I
    QUAD4          247   44        1    5.867529E+01  UB   1.000000E+02   I
    QUAD4          248   14        1    9.952129E+01  UB   1.000000E+02   A
    QUAD4          248   24        1    9.964117E+01  UB   1.000000E+02   A
    QUAD4          248   34        1    9.446419E+01  UB   1.000000E+02   A
    QUAD4          248   44        1    8.917586E+01  UB   1.000000E+02   I
    QUAD4          248   54        1    9.610473E+01  UB   1.000000E+02   A
    QUAD4          248   64        1    5.803959E+01  UB   1.000000E+02   I
    QUAD4          249   24        1    7.998079E+01  UB   1.000000E+02   I
    QUAD4          249   34        1    9.789641E+01  UB   1.000000E+02   A
    QUAD4          249   44        1    7.817198E+01  UB   1.000000E+02   I
    QUAD4          249   54        1    9.057567E+01  UB   1.000000E+02   A
    QUAD4          249   64        1    9.661663E+01  UB   1.000000E+02   A
    QUAD4          250   24        1    9.847911E+01  UB   1.000000E+02   A
    QUAD4          250   34        1    9.893560E+01  UB   1.000000E+02   A
    QUAD4          250   44        1    8.069666E+01  UB   1.000000E+02   I
    QUAD4          250   54        1    9.354671E+01  UB   1.000000E+02   A
    QUAD4          251   24        1    9.544134E+01  UB   1.000000E+02   A
    QUAD4          251   54        1    9.945422E+01  UB   1.000000E+02   A
    QUAD4          252   24        1    7.666652E+01  UB   1.000000E+02   I
    QUAD4          252   54        1    9.923052E+01  UB   1.000000E+02   A
    QUAD4          253   24        1    6.859976E+01  UB   1.000000E+02   I
    QUAD4          253   54        1    7.602254E+01  UB   1.000000E+02   I
    QUAD4          253   64        1    9.974475E+01  UB   1.000000E+02   A
    QUAD4          254   44        1    5.862242E+01  UB   1.000000E+02   I
    QUAD4          254   54        1    6.849539E+01  UB   1.000000E+02   I
    QUAD4          255   44        1    9.970606E+01  UB   1.000000E+02   A
    QUAD4          255   54        1    9.588051E+01  UB   1.000000E+02   A
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    QUAD4          255   64        1    8.377557E+01  UB   1.000000E+02   I
    QUAD4          256   24        1    7.276421E+01  UB   1.000000E+02   I
    QUAD4          256   44        1    7.155450E+01  UB   1.000000E+02   I
    QUAD4          256   54        1    9.944585E+01  UB   1.000000E+02   A
    QUAD4          257   14        1    9.925326E+01  UB   1.000000E+02   A
    QUAD4          257   24        1    7.027366E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          257   34        1    9.906599E+01  UB   1.000000E+02   A
    QUAD4          257   44        1    5.989747E+01  UB   1.000000E+02   I
    QUAD4          257   54        1    6.793842E+01  UB   1.000000E+02   I
    QUAD4          257   64        1    6.028713E+01  UB   1.000000E+02   I
    QUAD4          258   14        1    9.931314E+01  UB   1.000000E+02   A
    QUAD4          258   34        1    9.094248E+01  UB   1.000000E+02   A
    QUAD4          258   44        1    6.950857E+01  UB   1.000000E+02   I
    QUAD4          258   54        1    9.800525E+01  UB   1.000000E+02   A
    QUAD4          258   64        1    5.142929E+01  UB   1.000000E+02   I
    QUAD4          259   14        1    9.838301E+01  UB   1.000000E+02   A
    QUAD4          259   24        1    7.291494E+01  UB   1.000000E+02   I
    QUAD4          259   34        1    9.452764E+01  UB   1.000000E+02   A
    QUAD4          259   44        1    7.934778E+01  UB   1.000000E+02   I
    QUAD4          259   54        1    8.432566E+01  UB   1.000000E+02   I
    QUAD4          259   64        1    8.152281E+01  UB   1.000000E+02   I
    QUAD4          260   14        1    9.947035E+01  UB   1.000000E+02   A
    QUAD4          260   34        1    8.434616E+01  UB   1.000000E+02   I
    QUAD4          260   44        1    7.214886E+01  UB   1.000000E+02   I
    QUAD4          260   54        1    9.914611E+01  UB   1.000000E+02   A
    QUAD4          260   64        1    6.340869E+01  UB   1.000000E+02   I
    QUAD4          261   14        1    9.890676E+01  UB   1.000000E+02   A
    QUAD4          261   24        1    9.423882E+01  UB   1.000000E+02   A
    QUAD4          261   34        1    9.608975E+01  UB   1.000000E+02   A
    QUAD4          261   64        1    9.854906E+01  UB   1.000000E+02   A
    QUAD4          262   14        1    9.915916E+01  UB   1.000000E+02   A
    QUAD4          262   24        1    8.231668E+01  UB   1.000000E+02   I
    QUAD4          262   34        1    8.927874E+01  UB   1.000000E+02   I
    QUAD4          262   54        1    9.763994E+01  UB   1.000000E+02   A
    QUAD4          262   64        1    8.813131E+01  UB   1.000000E+02   I
    QUAD4          263   14        1    9.919941E+01  UB   1.000000E+02   A
    QUAD4          263   24        1    6.323859E+01  UB   1.000000E+02   I
1436 Design Examples Manual November 2009 GENESIS



    QUAD4          263   54        1    6.988586E+01  UB   1.000000E+02   I
    QUAD4          263   64        1    8.484027E+01  UB   1.000000E+02   I
    QUAD4          264   14        1    9.965004E+01  UB   1.000000E+02   A
    QUAD4          264   24        1    5.335606E+01  UB   1.000000E+02   I
    QUAD4          265   14        1    9.967242E+01  UB   1.000000E+02   A
    QUAD4          265   34        1    9.469679E+01  UB   1.000000E+02   A
    QUAD4          265   44        1    9.635921E+01  UB   1.000000E+02   A
    QUAD4          265   54        1    9.858675E+01  UB   1.000000E+02   A
    QUAD4          265   64        1    7.397287E+01  UB   1.000000E+02   I
    QUAD4          266   34        1    7.351799E+01  UB   1.000000E+02   I
    QUAD4          266   44        1    6.331737E+01  UB   1.000000E+02   I
    QUAD4          266   54        1    6.844942E+01  UB   1.000000E+02   I
    QUAD4          266   64        1    9.958289E+01  UB   1.000000E+02   A
    QUAD4          267   24        1    5.215207E+01  UB   1.000000E+02   I
    QUAD4          267   34        1    7.539366E+01  UB   1.000000E+02   I
    QUAD4          267   44        1    6.245619E+01  UB   1.000000E+02   I
    QUAD4          267   54        1    9.853951E+01  UB   1.000000E+02   A
    QUAD4          268   14        1    5.453904E+01  UB   1.000000E+02   I
    QUAD4          268   44        1    9.972402E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          268   54        1    6.015918E+01  UB   1.000000E+02   I
    QUAD4          268   64        1    9.160840E+01  UB   1.000000E+02   A
    QUAD4          269   44        1    7.770496E+01  UB   1.000000E+02   I
    QUAD4          269   54        1    9.938613E+01  UB   1.000000E+02   A
    QUAD4          269   64        1    5.678148E+01  UB   1.000000E+02   I
    QUAD4          270   54        1    9.970888E+01  UB   1.000000E+02   A
    QUAD4          270   64        1    6.805299E+01  UB   1.000000E+02   I
    QUAD4          271   14        1    5.230595E+01  UB   1.000000E+02   I
    QUAD4          271   24        1    9.940952E+01  UB   1.000000E+02   A
    QUAD4          271   44        1    7.402308E+01  UB   1.000000E+02   I
    QUAD4          271   54        1    9.680011E+01  UB   1.000000E+02   A
    QUAD4          271   64        1    9.960353E+01  UB   1.000000E+02   A
    QUAD4          272   14        1    8.582009E+01  UB   1.000000E+02   I
    QUAD4          272   24        1    5.153772E+01  UB   1.000000E+02   I
    QUAD4          272   44        1    9.967360E+01  UB   1.000000E+02   A
    QUAD4          272   54        1    8.198797E+01  UB   1.000000E+02   I
    QUAD4          272   64        1    9.233722E+01  UB   1.000000E+02   A
    QUAD4          273   14        1    7.590376E+01  UB   1.000000E+02   I
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    QUAD4          273   24        1    5.615781E+01  UB   1.000000E+02   I
    QUAD4          273   44        1    6.882861E+01  UB   1.000000E+02   I
    QUAD4          273   54        1    9.497802E+01  UB   1.000000E+02   A
    QUAD4          273   64        1    9.713348E+01  UB   1.000000E+02   A
    QUAD4          274   24        1    5.679354E+01  UB   1.000000E+02   I
    QUAD4          274   44        1    7.732642E+01  UB   1.000000E+02   I
    QUAD4          274   54        1    7.255528E+01  UB   1.000000E+02   I
    QUAD4          274   64        1    9.961879E+01  UB   1.000000E+02   A
    QUAD4          275   24        1    5.026276E+01  UB   1.000000E+02   I
    QUAD4          275   34        1    6.117333E+01  UB   1.000000E+02   I
    QUAD4          275   64        1    9.944841E+01  UB   1.000000E+02   A
    QUAD4          276   14        1    9.872987E+01  UB   1.000000E+02   A
    QUAD4          276   34        1    9.943315E+01  UB   1.000000E+02   A
    QUAD4          276   44        1    7.861056E+01  UB   1.000000E+02   I
    QUAD4          276   54        1    7.456003E+01  UB   1.000000E+02   I
    QUAD4          277   14        1    9.922584E+01  UB   1.000000E+02   A
    QUAD4          277   34        1    9.721403E+01  UB   1.000000E+02   A
    QUAD4          277   44        1    9.847045E+01  UB   1.000000E+02   A
    QUAD4          277   54        1    9.887628E+01  UB   1.000000E+02   A
    QUAD4          277   64        1    5.004714E+01  UB   1.000000E+02   I
    QUAD4          278   14        1    9.904603E+01  UB   1.000000E+02   A
    QUAD4          278   34        1    9.940934E+01  UB   1.000000E+02   A
    QUAD4          278   44        1    8.028275E+01  UB   1.000000E+02   I
    QUAD4          279   14        1    9.961263E+01  UB   1.000000E+02   A
    QUAD4          279   34        1    9.012602E+01  UB   1.000000E+02   A
    QUAD4          279   44        1    6.206167E+01  UB   1.000000E+02   I
    QUAD4          279   54        1    5.110722E+01  UB   1.000000E+02   I
    QUAD4          280   14        1    9.937235E+01  UB   1.000000E+02   A
    QUAD4          280   34        1    7.318527E+01  UB   1.000000E+02   I
    QUAD4          280   54        1    8.760724E+01  UB   1.000000E+02   I
    QUAD4          280   64        1    8.390299E+01  UB   1.000000E+02   I
    QUAD4          281   14        1    9.944564E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          281   24        1    7.638912E+01  UB   1.000000E+02   I
    QUAD4          281   54        1    8.676076E+01  UB   1.000000E+02   I
    QUAD4          281   64        1    9.128649E+01  UB   1.000000E+02   A
    QUAD4          282   14        1    9.897330E+01  UB   1.000000E+02   A
    QUAD4          282   34        1    9.872687E+01  UB   1.000000E+02   A
1438 Design Examples Manual November 2009 GENESIS



    QUAD4          282   44        1    6.572496E+01  UB   1.000000E+02   I
    QUAD4          283   14        1    9.859789E+01  UB   1.000000E+02   A
    QUAD4          283   34        1    9.858799E+01  UB   1.000000E+02   A
    QUAD4          283   44        1    8.773530E+01  UB   1.000000E+02   I
    QUAD4          283   54        1    5.157077E+01  UB   1.000000E+02   I
    QUAD4          283   64        1    5.982711E+01  UB   1.000000E+02   I
    QUAD4          284   14        1    9.524542E+01  UB   1.000000E+02   A
    QUAD4          284   34        1    9.437308E+01  UB   1.000000E+02   A
    QUAD4          284   44        1    9.627302E+01  UB   1.000000E+02   A
    QUAD4          284   64        1    8.575996E+01  UB   1.000000E+02   I
    QUAD4          285   44        1    6.877724E+01  UB   1.000000E+02   I
    QUAD4          285   64        1    9.484494E+01  UB   1.000000E+02   A
    QUAD4          286   44        1    9.511899E+01  UB   1.000000E+02   A
    QUAD4          286   54        1    6.091622E+01  UB   1.000000E+02   I
    QUAD4          286   64        1    9.666389E+01  UB   1.000000E+02   A
    QUAD4          287   44        1    9.964361E+01  UB   1.000000E+02   A
    QUAD4          287   54        1    9.903615E+01  UB   1.000000E+02   A
    QUAD4          287   64        1    6.839455E+01  UB   1.000000E+02   I
    QUAD4          288   14        1    7.944877E+01  UB   1.000000E+02   I
    QUAD4          288   24        1    9.908400E+01  UB   1.000000E+02   A
    QUAD4          288   54        1    9.585698E+01  UB   1.000000E+02   A
    QUAD4          288   64        1    8.983189E+01  UB   1.000000E+02   I
    QUAD4          289   24        1    5.712610E+01  UB   1.000000E+02   I
    QUAD4          289   44        1    9.962830E+01  UB   1.000000E+02   A
    QUAD4          289   54        1    9.670589E+01  UB   1.000000E+02   A
    QUAD4          289   64        1    9.957770E+01  UB   1.000000E+02   A
    QUAD4          290   14        1    9.886128E+01  UB   1.000000E+02   A
    QUAD4          290   24        1    6.084050E+01  UB   1.000000E+02   I
    QUAD4          290   44        1    9.936052E+01  UB   1.000000E+02   A
    QUAD4          290   64        1    9.964897E+01  UB   1.000000E+02   A
    QUAD4          291   14        1    9.730074E+01  UB   1.000000E+02   A
    QUAD4          291   44        1    9.939366E+01  UB   1.000000E+02   A
    QUAD4          291   54        1    7.075421E+01  UB   1.000000E+02   I
    QUAD4          291   64        1    9.964125E+01  UB   1.000000E+02   A
    QUAD4          292   14        1    8.837233E+01  UB   1.000000E+02   I
    QUAD4          292   64        1    9.936831E+01  UB   1.000000E+02   A
    QUAD4          293   14        1    5.806363E+01  UB   1.000000E+02   I
    QUAD4          293   24        1    9.072910E+01  UB   1.000000E+02   A
    QUAD4          293   34        1    5.473714E+01  UB   1.000000E+02   I
    QUAD4          293   54        1    8.479564E+01  UB   1.000000E+02   I
    QUAD4          293   64        1    9.933067E+01  UB   1.000000E+02   A
    QUAD4          294   14        1    9.902564E+01  UB   1.000000E+02   A
    QUAD4          294   24        1    6.388411E+01  UB   1.000000E+02   I
    QUAD4          294   34        1    9.913922E+01  UB   1.000000E+02   A
    QUAD4          294   44        1    6.711968E+01  UB   1.000000E+02   I
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          295   14        1    9.963017E+01  UB   1.000000E+02   A
    QUAD4          295   34        1    9.141411E+01  UB   1.000000E+02   A
    QUAD4          295   44        1    7.084716E+01  UB   1.000000E+02   I
    QUAD4          296   14        1    9.897728E+01  UB   1.000000E+02   A
    QUAD4          296   34        1    9.881237E+01  UB   1.000000E+02   A
    QUAD4          296   44        1    6.932011E+01  UB   1.000000E+02   I
    QUAD4          297   14        1    9.906039E+01  UB   1.000000E+02   A
    QUAD4          297   34        1    9.925144E+01  UB   1.000000E+02   A
    QUAD4          297   44        1    8.217506E+01  UB   1.000000E+02   I
    QUAD4          298   14        1    9.935750E+01  UB   1.000000E+02   A
    QUAD4          298   34        1    9.952966E+01  UB   1.000000E+02   A
    QUAD4          298   44        1    6.979510E+01  UB   1.000000E+02   I
    QUAD4          299   14        1    9.918519E+01  UB   1.000000E+02   A
    QUAD4          300   14        1    9.923942E+01  UB   1.000000E+02   A
    QUAD4          301   14        1    9.871199E+01  UB   1.000000E+02   A
    QUAD4          301   24        1    5.116004E+01  UB   1.000000E+02   I
    QUAD4          302   64        1    8.276392E+01  UB   1.000000E+02   I
    QUAD4          303   14        1    8.299263E+01  UB   1.000000E+02   I
    QUAD4          303   34        1    9.815601E+01  UB   1.000000E+02   A
    QUAD4          303   64        1    6.235720E+01  UB   1.000000E+02   I
    QUAD4          304   44        1    8.123496E+01  UB   1.000000E+02   I
    QUAD4          304   64        1    9.164349E+01  UB   1.000000E+02   A
    QUAD4          305   34        1    7.018979E+01  UB   1.000000E+02   I
    QUAD4          305   44        1    9.969714E+01  UB   1.000000E+02   A
    QUAD4          305   54        1    6.136772E+01  UB   1.000000E+02   I
    QUAD4          305   64        1    9.399560E+01  UB   1.000000E+02   A
    QUAD4          306   34        1    8.344443E+01  UB   1.000000E+02   I
    QUAD4          306   44        1    9.894237E+01  UB   1.000000E+02   A
    QUAD4          306   54        1    9.027959E+01  UB   1.000000E+02   A
    QUAD4          306   64        1    9.968910E+01  UB   1.000000E+02   A
    QUAD4          307   24        1    5.295191E+01  UB   1.000000E+02   I
    QUAD4          307   34        1    5.675280E+01  UB   1.000000E+02   I
    QUAD4          307   44        1    9.962655E+01  UB   1.000000E+02   A
    QUAD4          307   54        1    8.743011E+01  UB   1.000000E+02   I
    QUAD4          307   64        1    9.966620E+01  UB   1.000000E+02   A
    QUAD4          308   14        1    9.701333E+01  UB   1.000000E+02   A
    QUAD4          308   44        1    7.850855E+01  UB   1.000000E+02   I
    QUAD4          308   64        1    9.049731E+01  UB   1.000000E+02   A
    QUAD4          309   14        1    9.674399E+01  UB   1.000000E+02   A
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    QUAD4          309   24        1    5.374661E+01  UB   1.000000E+02   I
    QUAD4          310   14        1    9.925910E+01  UB   1.000000E+02   A
    QUAD4          310   34        1    6.838979E+01  UB   1.000000E+02   I
    QUAD4          310   44        1    7.119891E+01  UB   1.000000E+02   I
    QUAD4          311   14        1    7.575059E+01  UB   1.000000E+02   I
    QUAD4          311   44        1    5.801234E+01  UB   1.000000E+02   I
    QUAD4          312   14        1    5.062837E+01  UB   1.000000E+02   I
    QUAD4          313   14        1    7.259922E+01  UB   1.000000E+02   I
    QUAD4          313   34        1    6.167323E+01  UB   1.000000E+02   I
    QUAD4          313   64        1    6.121433E+01  UB   1.000000E+02   I
    QUAD4          314   14        1    9.577552E+01  UB   1.000000E+02   A
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   -------------------------------------------------------------------------
--
    ELEMENT                 LOADCASE      RESPONSE   BOUND   BOUND     BOUND
    TYPE       ELEM ID ITEM    ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    QUAD4          314   64        1    5.997599E+01  UB   1.000000E+02   I
    QUAD4          315   14        1    9.896598E+01  UB   1.000000E+02   A
    QUAD4          315   64        1    5.799864E+01  UB   1.000000E+02   I
    QUAD4          316   14        1    9.789423E+01  UB   1.000000E+02   A
    QUAD4          316   64        1    5.832044E+01  UB   1.000000E+02   I
    QUAD4          317   14        1    9.891919E+01  UB   1.000000E+02   A
    QUAD4          318   14        1    9.948206E+01  UB   1.000000E+02   A
    QUAD4          319   14        1    9.194710E+01  UB   1.000000E+02   A
    QUAD4          321   54        1    8.913950E+01  UB   1.000000E+02   I
    QUAD4          321   64        1    9.859656E+01  UB   1.000000E+02   A
    QUAD4          322   14        1    9.164893E+01  UB   1.000000E+02   A
    QUAD4          322   34        1    7.185471E+01  UB   1.000000E+02   I
    QUAD4          323   14        1    7.792119E+01  UB   1.000000E+02   I
    QUAD4          323   44        1    7.117157E+01  UB   1.000000E+02   I
    QUAD4          323   64        1    6.233510E+01  UB   1.000000E+02   I
    QUAD4          324   34        1    7.231584E+01  UB   1.000000E+02   I
    QUAD4          324   44        1    9.967854E+01  UB   1.000000E+02   A
    QUAD4          324   54        1    8.957360E+01  UB   1.000000E+02   I
    QUAD4          324   64        1    9.960169E+01  UB   1.000000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.555E-09 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.5552E-06         0.0%
    1     7.7760E-07        16.0%
    2     6.3178E-07         6.2%
    3     5.2203E-07         5.9%
    4     4.1053E-07        80.0%
    5     3.9288E-07        22.5%
    6     3.6680E-07        32.4%
    7     3.5698E-07        15.8%
    8     3.4259E-07         8.6%
    9     3.3092E-07         7.8%
   10     3.2186E-07         3.2%
   11     3.1413E-07         4.2%
   12     3.1025E-07         2.8%
   13     3.0678E-07         9.5%
   14     3.0524E-07         0.0%
   15     3.0359E-07         0.0%
   16     3.0245E-07         0.0%
   17     3.0103E-07         0.0%
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 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
                1             2             3             4             5
               T1            T2            T3            T4            T5
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    0     5.0000E-01    5.0000E-01    5.0000E-01    5.0000E-01    5.0000E-01 
    1     2.5000E-01    2.5000E-01    2.5000E-01    2.5000E-01    2.5000E-01 
    2     1.8751E-01    1.8752E-01    1.8751E-01    1.8983E-01    3.1250E-01 
    3     2.3463E-01    1.6918E-01    1.3915E-01    2.3983E-01    3.9062E-01 
    4     2.1517E-01    1.5760E-01    1.5435E-01    2.9931E-01    3.8116E-01 
    5     2.2033E-01    1.4945E-01    1.7934E-01    3.3672E-01    3.8125E-01 
    6     2.0817E-01    1.4661E-01    1.7926E-01    3.7881E-01    3.8355E-01 
    7     2.0879E-01    1.5412E-01    1.8719E-01    4.0247E-01    3.7707E-01 
    8     1.9806E-01    1.4390E-01    1.7476E-01    4.2586E-01    3.6542E-01 
    9     1.8588E-01    1.3286E-01    1.6227E-01    4.5095E-01    3.5570E-01 
   10     1.7662E-01    1.2805E-01    1.4991E-01    4.7913E-01    3.3798E-01 
   11     1.6412E-01    1.1555E-01    1.3741E-01    4.9085E-01    3.2056E-01 
   12     1.5787E-01    1.0930E-01    1.3116E-01    4.9058E-01    3.1368E-01 
   13     1.5162E-01    1.0305E-01    1.2491E-01    4.9338E-01    3.0695E-01 
   14     1.4929E-01    1.0076E-01    1.2179E-01    4.9361E-01    3.0399E-01 
   15     1.4732E-01    9.8951E-02    1.1883E-01    4.9474E-01    3.0135E-01 
   16     1.4713E-01    9.8898E-02    1.1711E-01    4.9681E-01    3.0077E-01 
   17     1.4690E-01    9.8919E-02    1.1584E-01    4.9948E-01    3.0022E-01 
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 DESIGN     DESIGN
 CYCLE     VARIABLE
                6
               T6

    0     5.0000E-01 
    1     2.5000E-01 
    2     3.1250E-01 
    3     3.9062E-01 
    4     4.8823E-01 
    5     5.4818E-01 
    6     6.1670E-01 
    7     6.5524E-01 
    8     6.7930E-01 
    9     7.0377E-01 
   10     7.2424E-01 
   11     7.2883E-01 
   12     7.2529E-01 
   13     7.2418E-01 
   14     7.2393E-01 
   15     7.2413E-01 
   16     7.2584E-01 
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   17     7.2837E-01 

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        160122          324 *

     (*) ONLY THE FIRST  10 WARNING MESSAGES FOR EACH WARNING
         CODE WERE PRINTED. TO PRINT ALL WARNING MESSAGES,
         USE DIAG=111.

 ***** THERE WERE      324 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.77 Spot Weld Location Optimization  using Topometry 
Optimization  using DSELECT

Example ID:
D077

Design Data Used:
DOBJ, DCONS, DSPLIT, DRESP1, DSELECT

Special Features Used:
DSELECT data entry is used to automatically create constraints that enforce the selection of a 
certain number of elements from a pool of candidates. 

Problem Statement:
Maximize the first torsional natural frequency by selecting the 10 best weld location out of the 22 
candidate locations to attach the top of the truck model to its floor..
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Design Problem: 
Find the optimal locations of the welds to connect the top and the floor of the truck model that 
maximizes the first torsional natural frequency.

Problem Description:
1. A truck modeled using CQUAD4 elements.  
2. 22 candidate locations to select from for the welds
3. Welds modeled using CBUSH elements 

Results:
At the optimal design, the 10 CBUSH elements at the best locations is close to the maximum stiff-
ness and the stiffness of the remaining 12 CBUSH elements are close to zero.
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2.77.1 Input Data
ID D077
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.1 (2008-10-20)
$ Exported on 2008-12-02 14:54
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = Truck cabin welded with 22 bush elements
SUBTITLE = Vibration Analysis
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
UPRINT = FLAST
THICKNESS = POST
$
$ Loadcase definitions
$
SUBCASE 2
   LABEL = EigenValue_Loadcase
   METHOD = 1
   MODTRK=NO
BEGIN BULK
$
$ Parameters
$
DOPT          50
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "X1"
DVAR           1      X1.45500001.0000-51.000000                
DVPROP2        1     801       1       1                        
+       DVAR           1
DEQATN         1 F(X1)=100000*X1**3                                     
DVPROP2        2     801       2       2                        
+       DVAR           1
DEQATN         2 F(X1)=100000*X1**3                                     
DVPROP2        3     801       3       3                        
+       DVAR           1
DEQATN         3 F(X1)=100000*X1**3                                     
DVPROP2        4     801       4       4                        
+       DVAR           1
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DEQATN         4 F(X1)=1000000*X1**3                                    
DVPROP2        5     801       5       5                        
+       DVAR           1
DEQATN         5 F(X1)=1000000*X1**3                                    
DVPROP2        6     801       6       6                        
+       DVAR           1
DEQATN         6 F(X1)=1000000*X1**3                                    
DSPLIT       801
DOBJ           1    Obj1       2MAX     
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1    FREQ       8                
$HMNAME RESP        2 "Response 1"
DSELECT        2esponse1.4550000                5.0000-3        
+       DVAR           1
$
$ Property definitions
$
$HMCOLOR COMP        3       1
PSHELL         3       11.000000       1               1        
$HMCOLOR COMP        5       2
PSHELL         5       11.000000       1               1        
$HMCOLOR COMP        7       3
PSHELL         7       11.000000       1               1        
$HMCOLOR COMP       10       4
PSHELL        10       11.000000       1               1        
$HMCOLOR COMP       12       5
PSHELL        12       11.000000       1               1        
$HMCOLOR COMP      801       6
PBUSH        801K       100000.0100000.0100000.01.0000+61.0000+61.0000+6
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           1200000.0             0.07.5900-9     0.0     0.0     0.0
$
$ Load definitions
$
$HMNAME LOADCOL        1 "SMS-30Hz"
EIGR           1     SMS        30.00000                        
$
$ Boundary Condition definitions
$
$
$ Grid points
$
GRID           1             0.0-400.000     0.0
GRID           2        100.0000-400.000     0.0
GRID           3        200.0000-400.000     0.0
GRID           4        300.0000-400.000     0.0
GRID           5        400.0000-400.000     0.0
GRID           6        500.0000-400.000     0.0
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GRID           7        600.0000-400.000     0.0
GRID           8        700.0000-400.000     0.0
GRID           9        800.0000-400.000     0.0
GRID          10        900.0000-400.000     0.0
GRID          11        1000.000-400.000     0.0
GRID          12             0.0-488.286     0.0
GRID          13        100.0000-488.286     0.0
GRID          14        200.0000-488.286     0.0
GRID          15        300.0000-488.286     0.0
GRID          16        400.0000-488.286     0.0
GRID          17        500.0000-488.286     0.0
GRID          18        600.0000-488.286     0.0
GRID          19        700.0000-488.286     0.0
GRID          20        800.0000-488.286     0.0
GRID          21        900.0000-488.286     0.0
GRID          22        1000.000-488.286     0.0
GRID          23             0.0-576.571     0.0
GRID          24        100.0000-576.571     0.0
GRID          25        200.0000-576.571     0.0
GRID          26        300.0000-576.571     0.0
GRID          27        400.0000-576.571     0.0
GRID          28        500.0000-576.571     0.0
GRID          29        600.0000-576.571     0.0
GRID          30        700.0000-576.571     0.0
GRID          31        800.0000-576.571     0.0
GRID          32        900.0000-576.571     0.0
GRID          33        1000.000-576.571     0.0
GRID          34             0.0-664.857     0.0
GRID          35        100.0000-664.857     0.0
GRID          36        200.0000-664.857     0.0
GRID          37        300.0000-664.857     0.0
GRID          38        400.0000-664.857     0.0
GRID          39        500.0000-664.857     0.0
GRID          40        600.0000-664.857     0.0
GRID          41        700.0000-664.857     0.0
GRID          42        800.0000-664.857     0.0
GRID          43        900.0000-664.857     0.0
GRID          44        1000.000-664.857     0.0
GRID          45             0.0-753.143     0.0
GRID          46        100.0000-753.143     0.0
GRID          47        200.0000-753.143     0.0
GRID          48        300.0000-753.143     0.0
GRID          49        400.0000-753.143     0.0
GRID          50        500.0000-753.143     0.0
GRID          51        600.0000-753.143     0.0
GRID          52        700.0000-753.143     0.0
GRID          53        800.0000-753.143     0.0
GRID          54        900.0000-753.143     0.0
GRID          55        1000.000-753.143     0.0
GRID          56             0.0-841.429     0.0
GRID          57        100.0000-841.429     0.0
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GRID          58        200.0000-841.429     0.0
GRID          59        300.0000-841.429     0.0
GRID          60        400.0000-841.429     0.0
GRID          61        500.0000-841.429     0.0
GRID          62        600.0000-841.429     0.0
GRID          63        700.0000-841.429     0.0
GRID          64        800.0000-841.429     0.0
GRID          65        900.0000-841.429     0.0
GRID          66        1000.000-841.429     0.0
GRID          67             0.0-929.714     0.0
GRID          68        100.0000-929.714     0.0
GRID          69        200.0000-929.714     0.0
GRID          70        300.0000-929.714     0.0
GRID          71        400.0000-929.714     0.0
GRID          72        500.0000-929.714     0.0
GRID          73        600.0000-929.714     0.0
GRID          74        700.0000-929.714     0.0
GRID          75        800.0000-929.714     0.0
GRID          76        900.0000-929.714     0.0
GRID          77        1000.000-929.714     0.0
GRID          78             0.0-1018.00     0.0
GRID          79        100.0000-1018.00     0.0
GRID          80        200.0000-1018.00     0.0
GRID          81        300.0000-1018.00     0.0
GRID          82        400.0000-1018.00     0.0
GRID          83        500.0000-1018.00     0.0
GRID          84        600.0000-1018.00     0.0
GRID          85        700.0000-1018.00     0.0
GRID          86        800.0000-1018.00     0.0
GRID          87        900.0000-1018.00     0.0
GRID          88        1000.000-1018.00     0.0
GRID          91             0.0-400.00075.00000
GRID          92             0.0-488.28675.00000
GRID          93             0.0-400.000150.0000
GRID          94             0.0-488.286150.0000
GRID          95             0.0-400.000225.0000
GRID          96             0.0-488.286225.0000
GRID          97             0.0-400.000300.0000
GRID          98             0.0-488.286300.0000
GRID         101             0.0-929.71475.00000
GRID         102             0.0-1018.0075.00000
GRID         103             0.0-929.714150.0000
GRID         104             0.0-1018.00150.0000
GRID         105             0.0-929.714225.0000
GRID         106             0.0-1018.00225.0000
GRID         107             0.0-929.714300.0000
GRID         108             0.0-1018.00300.0000
GRID         112        100.0000-1018.0082.50000
GRID         114        100.0000-1018.00165.0000
GRID         116        100.0000-1018.00247.5000
GRID         118        100.0000-1018.00330.0000
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GRID         122        100.0000-400.00082.50000
GRID         124        100.0000-400.000165.0000
GRID         126        100.0000-400.000247.5000
GRID         128        100.0000-400.000330.0000
GRID         132        100.0000-488.286330.0000
GRID         133             0.0-576.571300.0000
GRID         134        100.0000-576.571330.0000
GRID         135             0.0-664.857300.0000
GRID         136        100.0000-664.857330.0000
GRID         137             0.0-753.143300.0000
GRID         138        100.0000-753.143330.0000
GRID         139             0.0-841.429300.0000
GRID         140        100.0000-841.429330.0000
GRID         142        100.0000-929.714330.0000
GRID         153        1000.000-400.00091.66700
GRID         154        1000.000-488.28691.66700
GRID         155        1000.000-576.57191.66700
GRID         156        1000.000-664.85791.66700
GRID         157        1000.000-753.14391.66700
GRID         158        1000.000-841.42991.66700
GRID         159        1000.000-929.71491.66700
GRID         160        1000.000-1018.0091.66700
GRID         161        1000.000-400.000183.3330
GRID         162        1000.000-488.286183.3330
GRID         163        1000.000-576.571183.3330
GRID         164        1000.000-664.857183.3330
GRID         165        1000.000-753.143183.3330
GRID         166        1000.000-841.429183.3330
GRID         167        1000.000-929.714183.3330
GRID         168        1000.000-1018.00183.3330
GRID         169        1000.000-400.000275.0000
GRID         170        1000.000-488.286275.0000
GRID         171        1000.000-576.571275.0000
GRID         172        1000.000-664.857275.0000
GRID         173        1000.000-753.143275.0000
GRID         174        1000.000-841.429275.0000
GRID         175        1000.000-929.714275.0000
GRID         176        1000.000-1018.00275.0000
GRID         177        1000.000-400.000366.6670
GRID         178        1000.000-488.286366.6670
GRID         179        1000.000-576.571366.6670
GRID         180        1000.000-664.857366.6670
GRID         181        1000.000-753.143366.6670
GRID         182        1000.000-841.429366.6670
GRID         183        1000.000-929.714366.6670
GRID         184        1000.000-1018.00366.6670
GRID         185        1000.000-400.000458.3330
GRID         186        1000.000-488.286458.3330
GRID         187        1000.000-576.571458.3330
GRID         188        1000.000-664.857458.3330
GRID         189        1000.000-753.143458.3330
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GRID         190        1000.000-841.429458.3330
GRID         191        1000.000-929.714458.3330
GRID         192        1000.000-1018.00458.3330
GRID         193        1000.000-400.000550.0000
GRID         194        1000.000-488.286550.0000
GRID         195        1000.000-576.571550.0000
GRID         196        1000.000-664.857550.0000
GRID         197        1000.000-753.143550.0000
GRID         198        1000.000-841.429550.0000
GRID         199        1000.000-929.714550.0000
GRID         200        1000.000-1018.00550.0000
GRID         206        600.0000-400.00083.33300
GRID         207        700.0000-400.00085.41700
GRID         208        800.0000-400.00087.50000
GRID         209        900.0000-400.00089.58300
GRID         211        600.0000-400.000166.6670
GRID         212        700.0000-400.000170.8330
GRID         213        800.0000-400.000175.0000
GRID         214        900.0000-400.000179.1670
GRID         216        600.0000-400.000250.0000
GRID         217        700.0000-400.000256.2500
GRID         218        800.0000-400.000262.5000
GRID         219        900.0000-400.000268.7500
GRID         221        600.0000-400.000333.3330
GRID         222        700.0000-400.000341.6670
GRID         223        800.0000-400.000350.0000
GRID         224        900.0000-400.000358.3330
GRID         226        600.0000-400.000416.6670
GRID         227        700.0000-400.000427.0830
GRID         228        800.0000-400.000437.5000
GRID         229        900.0000-400.000447.9170
GRID         231        600.0000-400.000500.0000
GRID         232        700.0000-400.000512.5000
GRID         233        800.0000-400.000525.0000
GRID         234        900.0000-400.000537.5000
GRID         241        600.0000-1018.0083.33300
GRID         242        700.0000-1018.0085.41700
GRID         243        800.0000-1018.0087.50000
GRID         244        900.0000-1018.0089.58300
GRID         246        600.0000-1018.00166.6670
GRID         247        700.0000-1018.00170.8330
GRID         248        800.0000-1018.00175.0000
GRID         249        900.0000-1018.00179.1670
GRID         251        600.0000-1018.00250.0000
GRID         252        700.0000-1018.00256.2500
GRID         253        800.0000-1018.00262.5000
GRID         254        900.0000-1018.00268.7500
GRID         256        600.0000-1018.00333.3330
GRID         257        700.0000-1018.00341.6670
GRID         258        800.0000-1018.00350.0000
GRID         259        900.0000-1018.00358.3330
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GRID         261        600.0000-1018.00416.6670
GRID         262        700.0000-1018.00427.0830
GRID         263        800.0000-1018.00437.5000
GRID         264        900.0000-1018.00447.9170
GRID         266        600.0000-1018.00500.0000
GRID         267        700.0000-1018.00512.5000
GRID         268        800.0000-1018.00525.0000
GRID         269        900.0000-1018.00537.5000
GRID         276        600.0000-488.286500.0000
GRID         277        700.0000-488.286512.5000
GRID         278        800.0000-488.286525.0000
GRID         279        900.0000-488.286537.5000
GRID         281        600.0000-576.571500.0000
GRID         282        700.0000-576.571512.5000
GRID         283        800.0000-576.571525.0000
GRID         284        900.0000-576.571537.5000
GRID         286        600.0000-664.857500.0000
GRID         287        700.0000-664.857512.5000
GRID         288        800.0000-664.857525.0000
GRID         289        900.0000-664.857537.5000
GRID         291        600.0000-753.143500.0000
GRID         292        700.0000-753.143512.5000
GRID         293        800.0000-753.143525.0000
GRID         294        900.0000-753.143537.5000
GRID         296        600.0000-841.429500.0000
GRID         297        700.0000-841.429512.5000
GRID         298        800.0000-841.429525.0000
GRID         299        900.0000-841.429537.5000
GRID         301        600.0000-929.714500.0000
GRID         302        700.0000-929.714512.5000
GRID         303        800.0000-929.714525.0000
GRID         304        900.0000-929.714537.5000
GRID         312        200.0000-1018.00364.0000
GRID         313        300.0000-1018.00398.0000
GRID         314        400.0000-1018.00432.0000
GRID         315        500.0000-1018.00466.0000
GRID         318        200.0000-929.714364.0000
GRID         319        300.0000-929.714398.0000
GRID         320        400.0000-929.714432.0000
GRID         321        500.0000-929.714466.0000
GRID         324        200.0000-841.429364.0000
GRID         325        300.0000-841.429398.0000
GRID         326        400.0000-841.429432.0000
GRID         327        500.0000-841.429466.0000
GRID         330        200.0000-753.143364.0000
GRID         331        300.0000-753.143398.0000
GRID         332        400.0000-753.143432.0000
GRID         333        500.0000-753.143466.0000
GRID         336        200.0000-664.857364.0000
GRID         337        300.0000-664.857398.0000
GRID         338        400.0000-664.857432.0000
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GRID         339        500.0000-664.857466.0000
GRID         342        200.0000-576.571364.0000
GRID         343        300.0000-576.571398.0000
GRID         344        400.0000-576.571432.0000
GRID         345        500.0000-576.571466.0000
GRID         348        200.0000-488.286364.0000
GRID         349        300.0000-488.286398.0000
GRID         350        400.0000-488.286432.0000
GRID         351        500.0000-488.286466.0000
GRID         354        200.0000-400.000364.0000
GRID         355        300.0000-400.000398.0000
GRID         356        400.0000-400.000432.0000
GRID         357        500.0000-400.000466.0000
GRID         358        900.0000-743.14375.00000
GRID         359        900.0000-674.85775.00000
GRID         360        800.0000-743.14375.00000
GRID         361        800.0000-674.85775.00000
GRID         362        700.0000-743.14375.00000
GRID         363        700.0000-674.85775.00000
GRID         364        600.0000-743.14375.00000
GRID         365        600.0000-674.85775.00000
GRID         366        500.0000-743.14375.00000
GRID         367        500.0000-674.85775.00000
GRID         368        400.0000-743.14375.00000
GRID         369        400.0000-674.85775.00000
GRID         370        300.0000-743.14375.00000
GRID         371        300.0000-674.85775.00000
GRID         372        200.0000-743.14375.00000
GRID         373        200.0000-674.85775.00000
GRID         374        100.0000-743.14375.00000
GRID         375        100.0000-674.85775.00000
GRID         376             0.0-743.14375.00000
GRID         377             0.0-674.85775.00000
GRID         901             0.0-400.000     0.0
GRID         902        100.0000-400.000     0.0
GRID         907        600.0000-400.000     0.0
GRID         908        700.0000-400.000     0.0
GRID         909        800.0000-400.000     0.0
GRID         910        900.0000-400.000     0.0
GRID         911        1000.000-400.000     0.0
GRID         912             0.0-488.286     0.0
GRID         922        1000.000-488.286     0.0
GRID         933        1000.000-576.571     0.0
GRID         944        1000.000-664.857     0.0
GRID         955        1000.000-753.143     0.0
GRID         966        1000.000-841.429     0.0
GRID         967             0.0-929.714     0.0
GRID         977        1000.000-929.714     0.0
GRID         978             0.0-1018.00     0.0
GRID         979        100.0000-1018.00     0.0
GRID         984        600.0000-1018.00     0.0
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GRID         985        700.0000-1018.00     0.0
GRID         986        800.0000-1018.00     0.0
GRID         987        900.0000-1018.00     0.0
GRID         988        1000.000-1018.00     0.0
GRID    10000011             0.0-400.000     0.0
GRID    10000021        100.0000-400.000     0.0
GRID    10000071        600.0000-400.000     0.0
GRID    10000081        700.0000-400.000     0.0
GRID    10000091        800.0000-400.000     0.0
GRID    10000101        900.0000-400.000     0.0
GRID    10000111        1000.000-400.000     0.0
GRID    10000121             0.0-488.286     0.0
GRID    10000221        1000.000-488.286     0.0
GRID    10000331        1000.000-576.571     0.0
GRID    10000441        1000.000-664.857     0.0
GRID    10000551        1000.000-753.143     0.0
GRID    10000661        1000.000-841.429     0.0
GRID    10000671             0.0-929.714     0.0
GRID    10000771        1000.000-929.714     0.0
GRID    10000781             0.0-1018.00     0.0
GRID    10000791        100.0000-1018.00     0.0
GRID    10000841        600.0000-1018.00     0.0
GRID    10000851        700.0000-1018.00     0.0
GRID    10000861        800.0000-1018.00     0.0
GRID    10000871        900.0000-1018.00     0.0
GRID    10000881        1000.000-1018.00     0.0
$
$ Element definitions
$
CQUAD4         1       3     901     912      13     902
CQUAD4         2       3     902      13      14       3
CQUAD4         3       3       3      14      15       4
CQUAD4         4       3       4      15      16       5
CQUAD4         5       3       5      16      17       6
CQUAD4         6       3       6      17      18     907
CQUAD4         7       3     907      18      19     908
CQUAD4         8       3     908      19      20     909
CQUAD4         9       3     909      20      21     910
CQUAD4        10       3     910      21     922     911
CQUAD4        21       3      23      34      35      24
CQUAD4        22       3      24      35      36      25
CQUAD4        23       3      25      36      37      26
CQUAD4        24       3      26      37      38      27
CQUAD4        25       3      27      38      39      28
CQUAD4        26       3      28      39      40      29
CQUAD4        27       3      29      40      41      30
CQUAD4        28       3      30      41      42      31
CQUAD4        29       3      31      42      43      32
CQUAD4        30       3      32      43     944     933
CQUAD4        31       3      34      45      46      35
CQUAD4        32       3      35      46      47      36
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CQUAD4        33       3      36      47      48      37
CQUAD4        34       3      37      48      49      38
CQUAD4        35       3      38      49      50      39
CQUAD4        36       3      39      50      51      40
CQUAD4        37       3      40      51      52      41
CQUAD4        38       3      41      52      53      42
CQUAD4        39       3      42      53      54      43
CQUAD4        40       3      43      54     955     944
CQUAD4        41       3      45      56      57      46
CQUAD4        42       3      46      57      58      47
CQUAD4        43       3      47      58      59      48
CQUAD4        44       3      48      59      60      49
CQUAD4        45       3      49      60      61      50
CQUAD4        46       3      50      61      62      51
CQUAD4        47       3      51      62      63      52
CQUAD4        48       3      52      63      64      53
CQUAD4        49       3      53      64      65      54
CQUAD4        50       3      54      65     966     955
CQUAD4        61       3     967     978     979      68
CQUAD4        62       3      68     979      80      69
CQUAD4        63       3      69      80      81      70
CQUAD4        64       3      70      81      82      71
CQUAD4        65       3      71      82      83      72
CQUAD4        66       3      72      83     984      73
CQUAD4        67       3      73     984     985      74
CQUAD4        68       3      74     985     986      75
CQUAD4        69       3      75     986     987      76
CQUAD4        70       3      76     987     988     977
CQUAD4        71       5       1      12      92      91
CQUAD4        72       5      91      92      94      93
CQUAD4        73       5      93      94      96      95
CQUAD4        74       5      95      96      98      97
CQUAD4        75       5      67      78     102     101
CQUAD4        76       5     101     102     104     103
CQUAD4        77       5     103     104     106     105
CQUAD4        78       5     105     106     108     107
CQUAD4        79       5      78      79     112     102
CQUAD4        80       5     102     112     114     104
CQUAD4        81       5     104     114     116     106
CQUAD4        82       5     106     116     118     108
CQUAD4        83       5       1      91     122       2
CQUAD4        84       5      91      93     124     122
CQUAD4        85       5      93      95     126     124
CQUAD4        86       5      95      97     128     126
CQUAD4        87       5      97      98     132     128
CQUAD4        88       5      98     133     134     132
CQUAD4        89       5     133     135     136     134
CQUAD4        90       5     135     137     138     136
CQUAD4        91       5     137     139     140     138
CQUAD4        92       5     139     107     142     140
CQUAD4        93       5     107     108     118     142
1456 Design Examples Manual November 2009 GENESIS



CQUAD4        94       5      11     153     154      22
CQUAD4        95       5      22     154     155      33
CQUAD4        96       5      33     155     156      44
CQUAD4        97       5      44     156     157      55
CQUAD4        98       5      55     157     158      66
CQUAD4        99       5      66     158     159      77
CQUAD4       100       5      77     159     160      88
CQUAD4       101       5     153     161     162     154
CQUAD4       102       5     154     162     163     155
CQUAD4       103       5     155     163     164     156
CQUAD4       104       5     156     164     165     157
CQUAD4       105       5     157     165     166     158
CQUAD4       106       5     158     166     167     159
CQUAD4       107       5     159     167     168     160
CQUAD4       108       5     161     169     170     162
CQUAD4       109       5     162     170     171     163
CQUAD4       110       5     163     171     172     164
CQUAD4       111       5     164     172     173     165
CQUAD4       112       5     165     173     174     166
CQUAD4       113       5     166     174     175     167
CQUAD4       114       5     167     175     176     168
CQUAD4       115       5     169     177     178     170
CQUAD4       116       5     170     178     179     171
CQUAD4       117       5     171     179     180     172
CQUAD4       118       5     172     180     181     173
CQUAD4       119       5     173     181     182     174
CQUAD4       120       5     174     182     183     175
CQUAD4       121       5     175     183     184     176
CQUAD4       122       5     177     185     186     178
CQUAD4       123       5     178     186     187     179
CQUAD4       124       5     179     187     188     180
CQUAD4       125       5     180     188     189     181
CQUAD4       126       5     181     189     190     182
CQUAD4       127       5     182     190     191     183
CQUAD4       128       5     183     191     192     184
CQUAD4       129       5     185     193     194     186
CQUAD4       130       5     186     194     195     187
CQUAD4       131       5     187     195     196     188
CQUAD4       132       5     188     196     197     189
CQUAD4       133       5     189     197     198     190
CQUAD4       134       5     190     198     199     191
CQUAD4       135       5     191     199     200     192
CQUAD4       136       5       7     206     207       8
CQUAD4       137       5       8     207     208       9
CQUAD4       138       5       9     208     209      10
CQUAD4       139       5      10     209     153      11
CQUAD4       140       5     206     211     212     207
CQUAD4       141       5     207     212     213     208
CQUAD4       142       5     208     213     214     209
CQUAD4       143       5     209     214     161     153
CQUAD4       144       5     211     216     217     212
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CQUAD4       145       5     212     217     218     213
CQUAD4       146       5     213     218     219     214
CQUAD4       147       5     214     219     169     161
CQUAD4       148       5     216     221     222     217
CQUAD4       149       5     217     222     223     218
CQUAD4       150       5     218     223     224     219
CQUAD4       151       5     219     224     177     169
CQUAD4       152       5     221     226     227     222
CQUAD4       153       5     222     227     228     223
CQUAD4       154       5     223     228     229     224
CQUAD4       155       5     224     229     185     177
CQUAD4       156       5     226     231     232     227
CQUAD4       157       5     227     232     233     228
CQUAD4       158       5     228     233     234     229
CQUAD4       159       5     229     234     193     185
CQUAD4       160       5      84      85     242     241
CQUAD4       161       5      85      86     243     242
CQUAD4       162       5      86      87     244     243
CQUAD4       163       5      87      88     160     244
CQUAD4       164       5     241     242     247     246
CQUAD4       165       5     242     243     248     247
CQUAD4       166       5     243     244     249     248
CQUAD4       167       5     244     160     168     249
CQUAD4       168       5     246     247     252     251
CQUAD4       169       5     247     248     253     252
CQUAD4       170       5     248     249     254     253
CQUAD4       171       5     249     168     176     254
CQUAD4       172       5     251     252     257     256
CQUAD4       173       5     252     253     258     257
CQUAD4       174       5     253     254     259     258
CQUAD4       175       5     254     176     184     259
CQUAD4       176       5     256     257     262     261
CQUAD4       177       5     257     258     263     262
CQUAD4       178       5     258     259     264     263
CQUAD4       179       5     259     184     192     264
CQUAD4       180       5     261     262     267     266
CQUAD4       181       5     262     263     268     267
CQUAD4       182       5     263     264     269     268
CQUAD4       183       5     264     192     200     269
CQUAD4       184       5     231     276     277     232
CQUAD4       185       5     232     277     278     233
CQUAD4       186       5     233     278     279     234
CQUAD4       187       5     234     279     194     193
CQUAD4       188       5     276     281     282     277
CQUAD4       189       5     277     282     283     278
CQUAD4       190       5     278     283     284     279
CQUAD4       191       5     279     284     195     194
CQUAD4       192       5     281     286     287     282
CQUAD4       193       5     282     287     288     283
CQUAD4       194       5     283     288     289     284
CQUAD4       195       5     284     289     196     195
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CQUAD4       196       5     286     291     292     287
CQUAD4       197       5     287     292     293     288
CQUAD4       198       5     288     293     294     289
CQUAD4       199       5     289     294     197     196
CQUAD4       200       5     291     296     297     292
CQUAD4       201       5     292     297     298     293
CQUAD4       202       5     293     298     299     294
CQUAD4       203       5     294     299     198     197
CQUAD4       204       5     296     301     302     297
CQUAD4       205       5     297     302     303     298
CQUAD4       206       5     298     303     304     299
CQUAD4       207       5     299     304     199     198
CQUAD4       208       5     301     266     267     302
CQUAD4       209       5     302     267     268     303
CQUAD4       210       5     303     268     269     304
CQUAD4       211       5     304     269     200     199
CQUAD4       212       5     118     312     318     142
CQUAD4       213       5     312     313     319     318
CQUAD4       214       5     313     314     320     319
CQUAD4       215       5     314     315     321     320
CQUAD4       216       5     315     266     301     321
CQUAD4       217       5     142     318     324     140
CQUAD4       218       5     318     319     325     324
CQUAD4       219       5     319     320     326     325
CQUAD4       220       5     320     321     327     326
CQUAD4       221       5     321     301     296     327
CQUAD4       222       5     140     324     330     138
CQUAD4       223       5     324     325     331     330
CQUAD4       224       5     325     326     332     331
CQUAD4       225       5     326     327     333     332
CQUAD4       226       5     327     296     291     333
CQUAD4       227       5     138     330     336     136
CQUAD4       228       5     330     331     337     336
CQUAD4       229       5     331     332     338     337
CQUAD4       230       5     332     333     339     338
CQUAD4       231       5     333     291     286     339
CQUAD4       232       5     136     336     342     134
CQUAD4       233       5     336     337     343     342
CQUAD4       234       5     337     338     344     343
CQUAD4       235       5     338     339     345     344
CQUAD4       236       5     339     286     281     345
CQUAD4       237       5     134     342     348     132
CQUAD4       238       5     342     343     349     348
CQUAD4       239       5     343     344     350     349
CQUAD4       240       5     344     345     351     350
CQUAD4       241       5     345     281     276     351
CQUAD4       242       5     132     348     354     128
CQUAD4       243       5     348     349     355     354
CQUAD4       244       5     349     350     356     355
CQUAD4       245       5     350     351     357     356
CQUAD4       246       5     351     276     231     357
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CQUAD4       247       7     358     360     361     359
CQUAD4       248       7     360     362     363     361
CQUAD4       249       7     362     364     365     363
CQUAD4       250       7     364     366     367     365
CQUAD4       251       7     366     368     369     367
CQUAD4       252       7     368     370     371     369
CQUAD4       253       7     370     372     373     371
CQUAD4       254       7     372     374     375     373
CQUAD4       255       7     374     376     377     375
CQUAD4       256       7      45      46     374     376
CQUAD4       257       7      46      47     372     374
CQUAD4       258       7      47      48     370     372
CQUAD4       259       7      48      49     368     370
CQUAD4       260       7      49      50     366     368
CQUAD4       261       7      50      51     364     366
CQUAD4       262       7      51      52     362     364
CQUAD4       263       7      52      53     360     362
CQUAD4       264       7      53      54     358     360
CQUAD4       265       7      34      35     375     377
CQUAD4       266       7      35      36     373     375
CQUAD4       267       7      36      37     371     373
CQUAD4       268       7      37      38     369     371
CQUAD4       269       7      38      39     367     369
CQUAD4       270       7      39      40     365     367
CQUAD4       271       7      40      41     363     365
CQUAD4       272       7      41      42     361     363
CQUAD4       273       7      42      43     359     361
CTRIA3       274       7     358      54     955
CTRIA3       275       7     359     944      43
CQUAD4       276       7     359     358     955     944
CQUAD4        51      10      56     967      68      57
CQUAD4        52      10      57      68      69      58
CQUAD4        53      10      58      69      70      59
CQUAD4        54      10      59      70      71      60
CQUAD4        55      10      60      71      72      61
CQUAD4        56      10      61      72      73      62
CQUAD4        57      10      62      73      74      63
CQUAD4        58      10      63      74      75      64
CQUAD4        59      10      64      75      76      65
CQUAD4        60      10      65      76     977     966
CQUAD4        11      12     912      23      24      13
CQUAD4        12      12      13      24      25      14
CQUAD4        13      12      14      25      26      15
CQUAD4        14      12      15      26      27      16
CQUAD4        15      12      16      27      28      17
CQUAD4        16      12      17      28      29      18
CQUAD4        17      12      18      29      30      19
CQUAD4        18      12      19      30      31      20
CQUAD4        19      12      20      31      32      21
CQUAD4        20      12      21      32     933     922
CBUSH        801     801       1     901                               0
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CBUSH        802     801       2     902                               0
CBUSH        803     801       7     907                               0
CBUSH        804     801       8     908                               0
CBUSH        805     801       9     909                               0
CBUSH        806     801      10     910                               0
CBUSH        807     801      11     911                               0
CBUSH        808     801      22     922                               0
CBUSH        809     801      33     933                               0
CBUSH        810     801      44     944                               0
CBUSH        811     801      55     955                               0
CBUSH        812     801      66     966                               0
CBUSH        813     801      77     977                               0
CBUSH        814     801      88     988                               0
CBUSH        815     801      87     987                               0
CBUSH        816     801      86     986                               0
CBUSH        817     801      85     985                               0
CBUSH        818     801      84     984                               0
CBUSH        819     801      79     979                               0
CBUSH        820     801      78     978                               0
CBUSH        821     801      67     967                               0
CBUSH        822     801      12     912                               0
ENDDATA
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2.77.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE r106         BETA

     PROJECT NAME: D077
     RUN STARTED:  Dec  4, 2008 16:38
     SYSTEM TYPE:  Windows XP x86  1-CPU
     LENVEC:             127875000
     IOBUFF:               256,64K
     THREADS:                    1

     LICENSED TO: VR&D                                                        

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE    1
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D077
 $----------------------------------------------------------------------$
 $ Data written by Design Studio for Genesis 10.1 (2008-10-20)
 $ Exported on 2008-12-02 14:54
 $----------------------------------------------------------------------$
 $
 $ Executive Control
 $
 POST = PUNCH
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 TITLE = Truck cabin welded with 22 bush elements
 SUBTITLE = Vibration Analysis
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 UPRINT = FLAST
 THICKNESS = POST
 $
 $ Loadcase definitions
 $
 SUBCASE 2
    LABEL = EigenValue_Loadcase
    METHOD = 1
    MODTRK=NO
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 $
 $ Parameters
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 $
 DOPT    50                                                                      
 ENDDATA

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   1
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        1.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   2
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        2.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   3
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        3.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   4
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS  0.100000E+07 AND THE CALCULATED VALUE IS 
       94196.4     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        4.
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     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   5
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS  0.100000E+07 AND THE CALCULATED VALUE IS 
       94196.4     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        5.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   6
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      801
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS  0.100000E+07 AND THE CALCULATED VALUE IS 
       94196.4     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        6.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   1
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      802
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        7.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   2
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      802
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        8.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
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     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   3
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      802
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS   100000.     AND THE CALCULATED VALUE IS 
       9419.64     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2        9.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160024
     THE CALCULATED VALUE OF THE PROPERTY IN LOCATION   4
     IN THE PROPERTY TABLE FOR PROPERTY NUMBER      802
     IS NOT CLOSE TO THE USER INPUT VALUE, OR VALUE CALCULATED
     FROM USER INPUT DATA, FOR THIS PROPERTY.
     THE USER INPUT VALUE IS  0.100000E+07 AND THE CALCULATED VALUE IS 
       94196.4     THE RATIO OF THIS DIFFERENCE TO THE AVERAGE
      IS GREATER THAN  0.200000    .  THIS OCCURRED USING DVPROP2       10.

     WARNING MESSAGE FROM SUBROUTINE "GN16CP".
     WARNING CODE = 160244
     WARNING MESSAGE   160024 OCURRED      132 TIMES.
     HOWEVER, ONLY       20 MESSAGES WERE REPORTED.
     TO PRINT ALL      132 WARNINGS MESSAGES USE 
     DIAG 161 OR HIGHER.
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE    3
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    338
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        274
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   NUMBER OF CBUSH ELEMENTS:                  22
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       298
                   NUMBER OF ELEMENT PROPERTIES:              27
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            1896

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MAXIMIZE     Obj1    
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                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      22
                  TOTAL NUMBER OF DESIGN VARIABLES:            22
                  NUMBER OF DIRECT RESPONSES:                   1
                  NUMBER OF SYNTHETIC RESPONSES:                2
                  NUMBER OF POTENTIAL CONSTRAINTS:              4

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE    4
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.782809E-02
                    SYSTEM VOLUME            2.348893E+06
                    SYSTEM MASS/VOLUME       7.590000E-09
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+03  6.180E+02  5.500E+02  6.180E+05  3.399E+05  5.500E+05  3.399E+08

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE    7
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      
 EIGENVALUE_LOADCASE                                          LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS
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        1  7.783416E-04 -2.391664E-05  4.890464E-03  1.000000E+00 -2.391664E-05
        2  5.035025E-04 -1.000836E-05  3.163600E-03  1.000000E+00 -1.000836E-05
        3  8.741517E-05 -3.016709E-07  5.492457E-04  1.000000E+00 -3.016709E-07
        4  5.298983E-04  1.108523E-05  3.329449E-03  1.000000E+00  1.108523E-05
        5  6.304314E-04  1.569045E-05  3.961117E-03  1.000000E+00  1.569045E-05
        6  1.655167E-03  1.081542E-04  1.039972E-02  1.000000E+00  1.081542E-04
        7  6.419250E+00  1.626778E+03  4.033334E+01  1.000000E+00  1.626778E+03
        8  8.248674E+00  2.686136E+03  5.182795E+01  1.000000E+00  2.686136E+03
        9  1.149525E+01  5.216704E+03  7.222676E+01  1.000000E+00  5.216704E+03
       10  1.268062E+01  6.348057E+03  7.967470E+01  1.000000E+00  6.348057E+03
       11  1.691005E+01  1.128885E+04  1.062490E+02  1.000000E+00  1.128885E+04
       12  1.874744E+01  1.387534E+04  1.177937E+02  1.000000E+00  1.387534E+04
       13  2.034267E+01  1.633712E+04  1.278168E+02  1.000000E+00  1.633712E+04
       14  2.113437E+01  1.763350E+04  1.327912E+02  1.000000E+00  1.763350E+04
       15  2.154104E+01  1.831863E+04  1.353463E+02  1.000000E+00  1.831863E+04
       16  2.703227E+01  2.884860E+04  1.698488E+02  1.000000E+00  2.884860E+04
       17  2.717373E+01  2.915133E+04  1.707376E+02  1.000000E+00  2.915133E+04
       18  2.936837E+01  3.405018E+04  1.845269E+02  1.000000E+00  3.405018E+04
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       esponse1         2           SAVG3        0        1         9.419299E-02
       esponse1         3           SAVG1        0        1         4.549945E-01
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   10
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.248674E+00
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  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     X1          1.000000E-05    4.550000E-01    1.000000E+00
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   11
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    esponse1         2                  9.419299E-02  LB   4.500000E-01   V
    esponse1         3                  4.549945E-01  UB   4.600000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   12
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ****************************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   13
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.782809E-02
                    SYSTEM VOLUME            2.348893E+06
                    SYSTEM MASS/VOLUME       7.590000E-09
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   14
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                    E N C L O S I N G   B O X    S U M M A R Y
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    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+03  6.180E+02  5.500E+02  6.180E+05  3.399E+05  5.500E+05  3.399E+08

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   15
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      
 EIGENVALUE_LOADCASE                                          LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.137125E-03 -5.104766E-05  7.144765E-03  1.000000E+00 -5.104766E-05
        2  9.266228E-04 -3.389735E-05  5.822143E-03  1.000000E+00 -3.389735E-05
        3  7.145528E-04 -2.015712E-05  4.489668E-03  1.000000E+00 -2.015712E-05
        4  2.851582E-04 -3.210195E-06  1.791702E-03  1.000000E+00 -3.210195E-06
        5  1.319991E-04  6.878628E-07  8.293750E-04  1.000000E+00  6.878628E-07
        6  7.093873E-04  1.986674E-05  4.457212E-03  1.000000E+00  1.986674E-05
        7  6.458714E+00  1.646842E+03  4.058130E+01  1.000000E+00  1.646842E+03
        8  8.290004E+00  2.713121E+03  5.208763E+01  1.000000E+00  2.713121E+03
        9  1.137897E+01  5.111700E+03  7.149615E+01  1.000000E+00  5.111700E+03
       10  1.263035E+01  6.297828E+03  7.935885E+01  1.000000E+00  6.297828E+03
       11  1.687182E+01  1.123785E+04  1.060087E+02  1.000000E+00  1.123785E+04
       12  1.878879E+01  1.393662E+04  1.180535E+02  1.000000E+00  1.393662E+04
       13  2.046402E+01  1.653263E+04  1.285793E+02  1.000000E+00  1.653263E+04
       14  2.114864E+01  1.765732E+04  1.328808E+02  1.000000E+00  1.765732E+04
       15  2.160869E+01  1.843387E+04  1.357714E+02  1.000000E+00  1.843387E+04
       16  2.731794E+01  2.946156E+04  1.716437E+02  1.000000E+00  2.946156E+04
       17  2.738425E+01  2.960474E+04  1.720603E+02  1.000000E+00  2.960474E+04
       18  2.937854E+01  3.407376E+04  1.845908E+02  1.000000E+00  3.407376E+04
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE   16
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

--------- Porsions of this file have been deleted to reduce space-----

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  202
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ********************************************
               *  D E S I G N  C Y C L E     24 (DESIGN)  *
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               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.108770E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     X1          1.000000E-05    9.872059E-01    1.000000E+00
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  203
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    esponse1         2                  4.504656E-01  LB   4.500000E-01   A
    esponse1         3                  4.586405E-01  UB   4.600000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  204
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ****************************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  205
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.782809E-02
                    SYSTEM VOLUME            2.348893E+06
                    SYSTEM MASS/VOLUME       7.590000E-09
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1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  206
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+03  6.180E+02  5.500E+02  6.180E+05  3.399E+05  5.500E+05  3.399E+08

1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  207
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      
 EIGENVALUE_LOADCASE                                          LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.812031E-03 -1.296256E-04  1.138532E-02  1.000000E+00 -1.296256E-04
        2  7.553396E-04 -2.252393E-05  4.745938E-03  1.000000E+00 -2.252393E-05
        3  4.165393E-04 -6.849703E-06  2.617194E-03  1.000000E+00 -6.849703E-06
        4  4.925121E-05  9.576206E-08  3.094545E-04  1.000000E+00  9.576206E-08
        5  4.064473E-04  6.521812E-06  2.553784E-03  1.000000E+00  6.521812E-06
        6  5.515931E-04  1.201150E-05  3.465761E-03  1.000000E+00  1.201150E-05
        7  6.053091E+00  1.446486E+03  3.803269E+01  1.000000E+00  1.446486E+03
        8  8.114236E+00  2.599291E+03  5.098325E+01  1.000000E+00  2.599291E+03
        9  8.591861E+00  2.914300E+03  5.398425E+01  1.000000E+00  2.914300E+03
       10  8.883273E+00  3.115342E+03  5.581525E+01  1.000000E+00  3.115342E+03
       11  1.107141E+01  4.839112E+03  6.956373E+01  1.000000E+00  4.839112E+03
       12  1.258802E+01  6.255680E+03  7.909286E+01  1.000000E+00  6.255680E+03
       13  1.444680E+01  8.239547E+03  9.077195E+01  1.000000E+00  8.239547E+03
       14  1.612708E+01  1.026765E+04  1.013294E+02  1.000000E+00  1.026765E+04
       15  1.914434E+01  1.446907E+04  1.202874E+02  1.000000E+00  1.446907E+04
       16  2.009478E+01  1.594139E+04  1.262592E+02  1.000000E+00  1.594139E+04
       17  2.063513E+01  1.681025E+04  1.296543E+02  1.000000E+00  1.681025E+04
       18  2.415811E+01  2.304017E+04  1.517899E+02  1.000000E+00  2.304017E+04
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  208
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ********************************************
               *  D E S I G N  C Y C L E     25 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  209
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      
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                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       esponse1         2           SAVG3        0        1         4.500657E-01
       esponse1         3           SAVG1        0        1         4.586454E-01
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  210
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

               ********************************************
               *  D E S I G N  C Y C L E     25 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.114236E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     X1          1.000000E-05    9.857830E-01    1.000000E+00
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  211
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    esponse1         2                  4.500657E-01  LB   4.500000E-01   A
    esponse1         3                  4.586454E-01  UB   4.600000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  212
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 8.249E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  213
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     8.2487E+00        79.1%
    1     8.2900E+00        57.2%
    2     8.2922E+00        26.2%
    3     8.2530E+00        19.3%
    4     8.2471E+00         9.5%
    5     8.2349E+00         4.9%
    6     8.1584E+00         0.0%
    7     7.5785E+00         0.0%
    8     8.2226E+00        13.6%
    9     8.1760E+00         3.2%
   10     7.5784E+00         0.7%
   11     8.1659E+00         2.7%
   12     8.0661E+00         0.0%
   13     8.1672E+00         2.4%
   14     8.1463E+00         0.7%
   15     8.0947E+00         0.0%
   16     7.9813E+00         0.0%
   17     8.0886E+00         0.0%
   18     8.0786E+00         0.0%
   19     8.1082E+00         0.0%
   20     8.1235E+00         0.2%
   21     8.1027E+00         0.0%
   22     8.1142E+00         0.0%
   23     8.1027E+00         0.0%
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   24     8.1088E+00         0.0%
   25     8.1142E+00         0.0%
1GENESIS   VERSION 10.1                   DATE 12-04-2008  TIME 16:38  PAGE  214
 TRUCK CABIN WELDED WITH 22 BUSH ELEMENTS                                
 VIBRATION ANALYSIS                                                      

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
               X1

    0     4.5500E-01 
    1     6.8250E-01 
    2     1.0000E+00*
    3     1.0000E+00*
    4     1.0000E+00*
    5     1.0000E+00*
    6     9.9880E-01 
    7     1.0000E+00*
    8     9.4083E-01 
    9     1.0000E+00*
   10     1.0000E+00*
   11     9.8269E-01 
   12     9.8744E-01 
   13     9.7695E-01 
   14     9.4642E-01 
   15     9.7599E-01 
   16     1.0000E+00*
   17     9.9685E-01 
   18     9.9417E-01 
   19     9.9519E-01 
   20     9.9141E-01 
   21     9.8773E-01 
   22     9.8457E-01 
   23     9.8624E-01 
   24     9.8721E-01 
   25     9.8578E-01 

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        160024           20 *
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        160244            1  

     (*) ONLY THE FIRST  10 WARNING MESSAGES FOR EACH WARNING
         CODE WERE PRINTED. TO PRINT ALL WARNING MESSAGES,
         USE DIAG=111.

 ***** THERE WERE      132 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.78 Topometry Optimization of a Plate with Random 
Responses

D078

Design Data Used:
DOBJ, DCONS, DSPLIT, DVPROP3, DVAR, DRESP1,DOPT

Special Features Used:
RMSDISP option in DRESP1  to constraint random root mean square velocities at the tip of plate. 

Problem Statement:
The plate structure is fixed on one end and has point cyclic loads applied in its opposte end. 

Design Problem: 
Find the thickness ditribution of the plate structure that minimizes the mass and satifies the ran-
dom root mean square velocities on the tip constraints.
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Problem Description:
1. The designable region  was discretized with 50 CQUAD4 elements. 
2. Cyclic Point loads were applied on the tip of the structure. . 
3. The grids on the root are restricted to move in  all  6 dof..

Results:
The following figure shows the  final thickness distributions using  colors. In the figure, red repre-
sents the highest possible thickness and blue the lowest. 
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2.78.1 Input Data
ID D078
POST = PUNCH
SOL COMPAT1
CEND
TITLE=  TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                        
SUBTITLE= MASS MINIMIZATION WITH RMSVELO CONSTRAINTS             
$
$ Solution Control
$
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
THICKNESS = POST
$
$ Set definitions
$
$HMNAME SET        1 "Grid Set 1"
$ GRID SET
SET        1=      55,      66
$HMNAME SET        2 "Element Set 2"
$ ELEMENT SET
SET        2=       1,      50
SET        3=      45,      60
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = Loadcase 1
   SPC = 1
   DLOAD = 10
   RANDOM = 30
   FREQ = 40
   METHOD = 1
   SDAMPING = 20
   velo(crms) = all
$   DISP = ALL
$   ACCELERATION = 1
BEGIN BULK
dopt 30
$
$ Parameters
$
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T1 "
DVAR           1      T17.5 2.510.0 0.2              
DVPROP3        1       1   SOLID       1
+              1
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DSPLIT         1
$+       COARSE  MAXELEM        4
DOBJ           1    Obj1                
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1    MASS                        
DCONS          3                35.0
$HMNAME RESP        3 "Cons2"
$ 23 4 5 678
DRESP1         3   Cons2 RMSVELO                       3      11      22
+             33      44      55      66
$
$
$ Property definitions
$
$HMCOLOR COMP        1       1
PSHELL         1       17.500000       1               1        
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           168900.00        .30000002.8500-6                        
$
$ Load definitions
$
$HMNAME LOADCOL       10 "DLoad Set 10"
RLOAD1        10      11                      12                
$HMNAME LOADCOL       11 "DAREA 11"
DAREA         11      66       3-.200000
DAREA         11      11       3-.200000
DAREA         11      55       3-.400000
DAREA         11      44       3-.400000
DAREA         11      33       3-.400000
DAREA         11      22       3-.400000
$HMNAME LOADCOL       12 "Table 12"
TABLED1       12
+       2.0000001.000000200.00001.000000
$HMNAME LOADCOL       20 "Damping 20"
TABDMP1       20    CRIT
+       2.000000.0500000200.0000.0500000
$HMNAME LOADCOL       30 "RANDOM 30"
RANDPS        30       1       11.000000     0.0      31
$HMNAME LOADCOL       31 "Table 31"
TABRND1       31                
+       1.9990001.0000-22.000000.4750000200.0000.4750000200.10001.0000-2
+       
$HMNAME LOADCOL       40 "Frequency Set 40"
FREQ1         402.0000002.000000      99
$HMNAME LOADCOL        1 "Method 1"
EIGR           1     SMS        2000.000                        
$HMNAME LOADCOL        2 "Static Load 2"
FORCE          2      66        .2000000     0.0     0.0-1.00000
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FORCE          2      11        .2000000     0.0     0.0-1.00000
FORCE          2      55        .4000000     0.0     0.0-1.00000
FORCE          2      44        .4000000     0.0     0.0-1.00000
FORCE          2      33        .4000000     0.0     0.0-1.00000
FORCE          2      22        .4000000     0.0     0.0-1.00000
$
$ Boundary Condition definitions
$
$HMNAME GCSET        1 "G-C Set 1"
SPC            1      56  123456     0.0
SPC            1      45  123456     0.0
SPC            1      34  123456     0.0
SPC            1      23  123456     0.0
SPC            1      12  123456     0.0
SPC            1       1  123456     0.0
$
$ Grid points
$
GRID           1             0.0     0.0     0.0
GRID           2        15.00000     0.0     0.0
GRID           3        30.00000     0.0     0.0
GRID           4        45.00000     0.0     0.0
GRID           5        60.00000     0.0     0.0
GRID           6        75.00000     0.0     0.0
GRID           7        90.00000     0.0     0.0
GRID           8        105.0000     0.0     0.0
GRID           9        120.0000     0.0     0.0
GRID          10        135.0000     0.0     0.0
GRID          11        150.0000     0.0     0.0
GRID          12             0.03.000000     0.0
GRID          13        15.000003.000000     0.0
GRID          14        30.000003.000000     0.0
GRID          15        45.000003.000000     0.0
GRID          16        60.000003.000000     0.0
GRID          17        75.000003.000000     0.0
GRID          18        90.000003.000000     0.0
GRID          19        105.00003.000000     0.0
GRID          20        120.00003.000000     0.0
GRID          21        135.00003.000000     0.0
GRID          22        150.00003.000000     0.0
GRID          23             0.06.000000     0.0
GRID          24        15.000006.000000     0.0
GRID          25        30.000006.000000     0.0
GRID          26        45.000006.000000     0.0
GRID          27        60.000006.000000     0.0
GRID          28        75.000006.000000     0.0
GRID          29        90.000006.000000     0.0
GRID          30        105.00006.000000     0.0
GRID          31        120.00006.000000     0.0
GRID          32        135.00006.000000     0.0
GRID          33        150.00006.000000     0.0
GENESIS November 2009 Design Examples Manual 1481



GRID          34             0.09.000000     0.0
GRID          35        15.000009.000000     0.0
GRID          36        30.000009.000000     0.0
GRID          37        45.000009.000000     0.0
GRID          38        60.000009.000000     0.0
GRID          39        75.000009.000000     0.0
GRID          40        90.000009.000000     0.0
GRID          41        105.00009.000000     0.0
GRID          42        120.00009.000000     0.0
GRID          43        135.00009.000000     0.0
GRID          44        150.00009.000000     0.0
GRID          45             0.012.00000     0.0
GRID          46        15.0000012.00000     0.0
GRID          47        30.0000012.00000     0.0
GRID          48        45.0000012.00000     0.0
GRID          49        60.0000012.00000     0.0
GRID          50        75.0000012.00000     0.0
GRID          51        90.0000012.00000     0.0
GRID          52        105.000012.00000     0.0
GRID          53        120.000012.00000     0.0
GRID          54        135.000012.00000     0.0
GRID          55        150.000012.00000     0.0
GRID          56             0.015.00000     0.0
GRID          57        15.0000015.00000     0.0
GRID          58        30.0000015.00000     0.0
GRID          59        45.0000015.00000     0.0
GRID          60        60.0000015.00000     0.0
GRID          61        75.0000015.00000     0.0
GRID          62        90.0000015.00000     0.0
GRID          63        105.000015.00000     0.0
GRID          64        120.000015.00000     0.0
GRID          65        135.000015.00000     0.0
GRID          66        150.000015.00000     0.0
$
$ Element definitions
$
CQUAD4         1       1       1       2      13      12     0.0
CQUAD4         2       1       2       3      14      13     0.0
CQUAD4         3       1       3       4      15      14     0.0
CQUAD4         4       1       4       5      16      15     0.0
CQUAD4         5       1       5       6      17      16     0.0
CQUAD4         6       1       6       7      18      17     0.0
CQUAD4         7       1       7       8      19      18     0.0
CQUAD4         8       1       8       9      20      19     0.0
CQUAD4         9       1       9      10      21      20     0.0
CQUAD4        10       1      10      11      22      21     0.0
CQUAD4        11       1      12      13      24      23     0.0
CQUAD4        12       1      13      14      25      24     0.0
CQUAD4        13       1      14      15      26      25     0.0
CQUAD4        14       1      15      16      27      26     0.0
CQUAD4        15       1      16      17      28      27     0.0
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CQUAD4        16       1      17      18      29      28     0.0
CQUAD4        17       1      18      19      30      29     0.0
CQUAD4        18       1      19      20      31      30     0.0
CQUAD4        19       1      20      21      32      31     0.0
CQUAD4        20       1      21      22      33      32     0.0
CQUAD4        21       1      23      24      35      34     0.0
CQUAD4        22       1      24      25      36      35     0.0
CQUAD4        23       1      25      26      37      36     0.0
CQUAD4        24       1      26      27      38      37     0.0
CQUAD4        25       1      27      28      39      38     0.0
CQUAD4        26       1      28      29      40      39     0.0
CQUAD4        27       1      29      30      41      40     0.0
CQUAD4        28       1      30      31      42      41     0.0
CQUAD4        29       1      31      32      43      42     0.0
CQUAD4        30       1      32      33      44      43     0.0
CQUAD4        31       1      34      35      46      45     0.0
CQUAD4        32       1      35      36      47      46     0.0
CQUAD4        33       1      36      37      48      47     0.0
CQUAD4        34       1      37      38      49      48     0.0
CQUAD4        35       1      38      39      50      49     0.0
CQUAD4        36       1      39      40      51      50     0.0
CQUAD4        37       1      40      41      52      51     0.0
CQUAD4        38       1      41      42      53      52     0.0
CQUAD4        39       1      42      43      54      53     0.0
CQUAD4        40       1      43      44      55      54     0.0
CQUAD4        41       1      45      46      57      56     0.0
CQUAD4        42       1      46      47      58      57     0.0
CQUAD4        43       1      47      48      59      58     0.0
CQUAD4        44       1      48      49      60      59     0.0
CQUAD4        45       1      49      50      61      60     0.0
CQUAD4        46       1      50      51      62      61     0.0
CQUAD4        47       1      51      52      63      62     0.0
CQUAD4        48       1      52      53      64      63     0.0
CQUAD4        49       1      53      54      65      64     0.0
CQUAD4        50       1      54      55      66      65     0.0
ENDDATA
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2.78.2 Ouput
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE 200812051754 BETA

     PROJECT NAME: D078
     RUN STARTED:  Dec 10, 2008 10:49
     SYSTEM TYPE:  SunOS 5.10 SUNW,Sun-Blade-2500 2-CPU
     LENVEC:              40000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    1
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D078
 POST = PUNCH
 SOL COMPAT1
 CEND
 TITLE=  TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES
 SUBTITLE= MASS MINIMIZATION WITH RMSVELO CONSTRAINTS
 $
 $ Solution Control
 $
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 THICKNESS = POST
 $
 $ Set definitions
 $
 $HMNAME SET        1 "Grid Set 1"
 $ GRID SET
 SET        1=      55,      66
 $HMNAME SET        2 "Element Set 2"
 $ ELEMENT SET
 SET        2=       1,      50
 SET        3=      45,      60
 $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = Loadcase 1
    SPC = 1
    DLOAD = 10
    RANDOM = 30
    FREQ = 40
    METHOD = 1
    SDAMPING = 20
    velo(crms) = all
 $   DISP = ALL
 $   ACCELERATION = 1
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1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    2
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 DOPT    30                                                                      
 ENDDATA

      
     WARNING MESSAGE FROM GN1245:
     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
       FORCE                0           6

  
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    3
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                     66
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         50
                   TOTAL NUMBER OF NON RIGID ELEMENTS:        50
                   NUMBER OF ELEMENT PROPERTIES:              50
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:             360

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      50
                  TOTAL NUMBER OF DESIGN VARIABLES:            50
                  NUMBER OF DIRECT RESPONSES:                   7
                  NUMBER OF POTENTIAL CONSTRAINTS:             12
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                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           0
                  NUMBER OF INTERNAL FREQUENCY LOAD CASES:       1
                  NUMBER OF MODAL  DYNAMIC LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    2
 
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    4
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    5
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              4.809375E-02
                    SYSTEM VOLUME            1.687500E+04
                    SYSTEM MASS/VOLUME       2.850000E-06
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    6
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.500E+02  1.500E+01  0.000E+00  2.250E+03  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    7
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              
 MODES FOR METHOD OF LOADCASE 1                               LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  8.406648E+00  2.790008E+03  5.282052E+01  1.000000E+00  2.790008E+03
        2  1.672115E+01  1.103805E+04  1.050621E+02  1.000000E+00  1.103805E+04
        3  5.281213E+01  1.101101E+05  3.318284E+02  1.000000E+00  1.101101E+05
        4  1.026158E+02  4.157081E+05  6.447543E+02  1.000000E+00  4.157081E+05
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        5  1.281411E+02  6.482408E+05  8.051341E+02  1.000000E+00  6.482408E+05
        6  1.495445E+02  8.828776E+05  9.396157E+02  1.000000E+00  8.828776E+05
        7  2.601818E+02  2.672474E+06  1.634770E+03  1.000000E+00  2.672474E+06
        8  2.812551E+02  3.122917E+06  1.767178E+03  1.000000E+00  3.122917E+06
        9  2.985661E+02  3.519173E+06  1.875946E+03  1.000000E+00  3.519173E+06
       10  3.872247E+02  5.919511E+06  2.433005E+03  1.000000E+00  5.919511E+06
       11  5.050017E+02  1.006805E+07  3.173020E+03  1.000000E+00  1.006805E+07
       12  5.395762E+02  1.149385E+07  3.390257E+03  1.000000E+00  1.149385E+07
       13  6.547167E+02  1.692258E+07  4.113706E+03  1.000000E+00  1.692258E+07
       14  7.717421E+02  2.351279E+07  4.848998E+03  1.000000E+00  2.351279E+07
       15  7.870776E+02  2.445653E+07  4.945354E+03  1.000000E+00  2.445653E+07
       16  8.758310E+02  3.028310E+07  5.503009E+03  1.000000E+00  3.028310E+07
       17  9.361275E+02  3.459631E+07  5.881863E+03  1.000000E+00  3.459631E+07
       18  1.094878E+03  4.732509E+07  6.879323E+03  1.000000E+00  4.732509E+07
       19  1.236265E+03  6.033689E+07  7.767683E+03  1.000000E+00  6.033689E+07
       20  1.288482E+03  6.554153E+07  8.095772E+03  1.000000E+00  6.554153E+07
       21  1.333708E+03  7.022335E+07  8.379937E+03  1.000000E+00  7.022335E+07
       22  1.454193E+03  8.348411E+07  9.136964E+03  1.000000E+00  8.348411E+07
       23  1.557487E+03  9.576535E+07  9.785977E+03  1.000000E+00  9.576535E+07
       24  1.772736E+03  1.240646E+08  1.113843E+04  1.000000E+00  1.240646E+08
       25  1.802254E+03  1.282306E+08  1.132390E+04  1.000000E+00  1.282306E+08
       26  1.895901E+03  1.419028E+08  1.191230E+04  1.000000E+00  1.419028E+08
       27  1.913283E+03  1.445167E+08  1.202151E+04  1.000000E+00  1.445167E+08
       28  2.072557E+03  1.695792E+08  1.302226E+04  1.000000E+00  1.695792E+08
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE    8
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              
----------------------------------------
This output data listing is intentionally cut to save space. The complete file 
is provided with the installation CD>
----------------------------------------
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE  979
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.809375E-02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
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   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T1          2.500000E+00    7.500000E+00    1.000000E+01
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE  980
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

  CONSTRAINT

                         MODAL RANDOM RMSVELO
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
               GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                    11   3        1   0  2.720285E+01 UB   3.500000E+01   I
                    22   3        1   0  2.720314E+01 UB   3.500000E+01   I
                    33   3        1   0  2.720338E+01 UB   3.500000E+01   I
                    44   3        1   0  2.720337E+01 UB   3.500000E+01   I
                    55   3        1   0  2.720313E+01 UB   3.500000E+01   I
                    66   3        1   0  2.720284E+01 UB   3.500000E+01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
----------------------------------------
This output data listing is intentionally cut to save space. The complete 
file is provided with the installation CD>
----------------------------------------

  1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE ****
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.473854E-02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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   -----------------------------------------------------------------------
          1     T1          2.500000E+00    7.556333E+00    1.000000E+01
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE ****
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

  CONSTRAINT

                         MODAL RANDOM RMSVELO
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
               GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                    11   3        1   0  3.489024E+01 UB   3.500000E+01   A
                    22   3        1   0  3.489049E+01 UB   3.500000E+01   A
                    33   3        1   0  3.489079E+01 UB   3.500000E+01   A
                    44   3        1   0  3.489087E+01 UB   3.500000E+01   A
                    55   3        1   0  3.489074E+01 UB   3.500000E+01   A
                    66   3        1   0  3.489065E+01 UB   3.500000E+01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE ****
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 4.809E-05 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE ****
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     4.8094E-02         0.0%
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    1     4.0376E-02        19.2%
    2     4.0547E-02         0.0%
    3     3.6492E-02         0.0%
    4     3.4426E-02         5.4%
    5     3.5019E-02         0.0%
    6     3.4840E-02         0.9%
    7     3.4693E-02         1.4%
    8     3.4824E-02         0.0%
    9     3.4785E-02         0.0%
   10     3.4739E-02         0.0%
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:49  PAGE ****
 TOPOMETRY OPTIMIZATION OF A PLATE WITH RANDOM RESPONSES                 
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
               T1

    0     7.5000E+00 
    1     9.0000E+00 
    2     8.1000E+00 
    3     7.2900E+00 
    4     7.8590E+00 
    5     7.4660E+00 
    6     7.4410E+00 
    7     7.6262E+00 
    8     7.5309E+00 
    9     7.5345E+00 
   10     7.5563E+00 
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.79 Sizing Optimization of a Truck with Random Responses
D079

Design Data Used:
DOBJ, DCONS, DVPROP3, DVAR, DRESP1,DOPT

Special Features Used:
RMSDISP option in DRESP1  to constraint random root mean square velocities at 10 corners of 
the truck structure. 

Problem Statement:
The truck structure is loaded with point cyclic loads applied in it bottom part. 

Design Problem: 
Find the thickness ditribution of the truck structure that minimizes the mass and satifies the ran-
dom root mean square velocities on 10 corners points constraints.
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Problem Description:
1. The designable region  was discretized with 806 CQUAD4 and 2 CTRIA3 

elements. 
2. Cyclic Point loads were applied on the bottom of the structure.  

Results:
The following figure shows the  final thickness distributions using  colors. In the figure, red repre-
sents the highest possible thickness and blue the lowest. 
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2.79.1 Input Data
The input data is quite large so only a portion of it is given here. This input data is named 
D079.dat and is provide with the installation CD.

ID D079
POST = PUNCH
SOL COMPAT1
CEND
TITLE=  SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                        
SUBTITLE= MASS MINIMIZATION WITH RMSVELO CONSTRAINTS             
$
$ Solution Control
$
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
THICKNESS = POST
APRINT=FLAST
$
$ Set definitions
$
$HMNAME SET        1 "Grid Set 1"
$ GRID SET
SET        1=      15,      70
$HMNAME SET        2 "Element Set 2"
$ ELEMENT SET
SET        2=       1,       2
$HMNAME SET        4 "Grid Set 4"
$ GRID SET
SET        4=       1,      78,      97,     108,     402,     409,     749,
                  822,     829,    1050
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = Loadcase 1
   DLOAD = 10
   RANDOM = 30
   FREQ = 40
   METHOD = 1
   SDAMPING = 20
$   DISP = 4
$   VELOCITY = 4
$   ACCELERATION = 4
BEGIN BULK
$
$ Parameters
DOPT 15
+,DELX,0.25
$
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$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "T3"
DVAR           1      T3 5.000002.00000015.00000                
$HMNAME DVAR        2 "T5"
DVAR           2      T5 5.000002.00000015.00000                
$HMNAME DVAR        3 "T7"
DVAR           3      T7 5.000002.00000015.00000                
$HMNAME DVAR        4 "T10"
DVAR           4     T10 5.000002.00000015.00000                
$HMNAME DVAR        5 "T12"
DVAR           5     T12 5.000002.00000015.00000                
$HMNAME DVAR        6 "T13"
DVAR           6     T13 5.000002.00000015.00000                
$HMNAME DVAR       13 "T14"
DVAR          13     T14 5.000002.00000015.00000                 
$HMNAME DVAR       14 "T15"
DVAR          14     T15 5.000002.00000015.00000                    
DVPROP3        1       3   SOLID       1
+              1
DVPROP3        2       5   SOLID       1
+              2
DVPROP3        3       7   SOLID       1
+              3
DVPROP3        4      10   SOLID       1
+              4
DVPROP3        5      12   SOLID       1
+              5
DVPROP3        6      13   SOLID       1
+              6
DVPROP3        7      14   SOLID       1
+             13
DVPROP3        8      15   SOLID       1
+             14
DOBJ           1    Obj1                
$HMNAME RESP        1 "Obj1"
DRESP1         1    Obj1    MASS                        
DCONS          2                100.0
DRESP1         2   Cons1 RMSVELO                       3       1      78
+             97     108     402     409     749     822     829    1050
$
$ Property definitions
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2.79.2 Ouput
The output data is quite large so only a portion of it is given here. This output data is named 
D079.out and is provide with the installation CD.

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE 200812101413 BETA

     PROJECT NAME: D079
     RUN STARTED:  Dec 10, 2008 14:42
     SYSTEM TYPE:  SunOS 5.10 SUNW,Sun-Blade-2500 2-CPU
     LENVEC:              40000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
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     *** NOT FOR DISTRIBUTION ***

1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE    1
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D079
 POST = PUNCH
 SOL COMPAT1
 CEND
 TITLE=  SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES
 SUBTITLE= MASS MINIMIZATION WITH RMSVELO CONSTRAINTS
 $
 $ Solution Control
 $
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 THICKNESS = POST
 APRINT=FLAST
 $
 $ Set definitions
 $
 $HMNAME SET        1 "Grid Set 1"
 $ GRID SET
 SET        1=      15,      70
 $HMNAME SET        2 "Element Set 2"
 $ ELEMENT SET
 SET        2=       1,       2
 $HMNAME SET        4 "Grid Set 4"
 $ GRID SET
 SET        4=       1,      78,      97,     108,     402,     409,     749,
                   822,     829,    1050
 $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = Loadcase 1
    DLOAD = 10
    RANDOM = 30
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    FREQ = 40
    METHOD = 1
    SDAMPING = 20
 $   DISP = 4
 $   VELOCITY = 4
 $   ACCELERATION = 4
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK

 INFORMATION: FOLLOWING IS A LIST OF SCRATCH FILES THAT WERE
              FOUND AND DELETED BEFORE STARTING THIS JOB.

           1) D079.F
           2) D079.SPK
           3) D079.SPM
           4) D079.KDM
           5) D079.FD
           6) D079.FM
           7) D079.K3
           8) D079.M3
           9) D079.K4
          10) D079.M4
          11) D079.DB0
          12) D079.DB1
 $
 $ Parameters
 DOPT    15                                                                      
 +       DELX    0.25                                                            
 ENDDATA
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    814
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        806
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          2
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       808
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                   NUMBER OF ELEMENT PROPERTIES:               8
                   NUMBER OF MATERIALS:                        2
                   NUMBER OF DEGREES OF FREEDOM:            4884

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     Obj1    
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:       8
                  TOTAL NUMBER OF DESIGN VARIABLES:             8
                  NUMBER OF DIRECT RESPONSES:                  11
                  NUMBER OF POTENTIAL CONSTRAINTS:             20

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           0
                  NUMBER OF INTERNAL FREQUENCY LOAD CASES:       1
                  NUMBER OF MODAL  DYNAMIC LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    2
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE    5
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.682721E-01
                    SYSTEM VOLUME            3.534546E+07
                    SYSTEM MASS/VOLUME       7.590000E-09
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.400E+03  6.180E+02  8.250E+02  1.483E+06  5.099E+05  1.980E+06  1.224E+09
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 MODES FOR METHOD OF LOADCASE 1                               LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  1.962982E-04 -1.521222E-06  1.233378E-03  1.000000E+00 -1.521222E-06
        2  3.324904E-05 -4.364335E-08  2.089099E-04  1.000000E+00 -4.364335E-08
        3  9.682512E-05  3.701142E-07  6.083701E-04  1.000000E+00  3.701142E-07
        4  2.610713E-04  2.690778E-06  1.640359E-03  1.000000E+00  2.690778E-06
        5  2.725797E-04  2.933233E-06  1.712668E-03  1.000000E+00  2.933233E-06
        6  1.768312E-03  1.234462E-04  1.111063E-02  1.000000E+00  1.234462E-04
        7  2.247684E+01  1.994483E+04  1.412262E+02  1.000000E+00  1.994483E+04
        8  2.936221E+01  3.403591E+04  1.844882E+02  1.000000E+00  3.403591E+04
        9  3.975238E+01  6.238583E+04  2.497716E+02  1.000000E+00  6.238583E+04
       10  4.884380E+01  9.418432E+04  3.068946E+02  1.000000E+00  9.418432E+04
       11  5.012715E+01  9.919866E+04  3.149582E+02  1.000000E+00  9.919866E+04
       12  5.265368E+01  1.094504E+05  3.308328E+02  1.000000E+00  1.094504E+05
       13  5.493005E+01  1.191186E+05  3.451357E+02  1.000000E+00  1.191186E+05
       14  5.521555E+01  1.203601E+05  3.469295E+02  1.000000E+00  1.203601E+05
       15  6.048868E+01  1.444468E+05  3.800616E+02  1.000000E+00  1.444468E+05
       16  6.692928E+01  1.768447E+05  4.205291E+02  1.000000E+00  1.768447E+05
       17  7.150113E+01  2.018299E+05  4.492548E+02  1.000000E+00  2.018299E+05
       18  7.853406E+01  2.434870E+05  4.934440E+02  1.000000E+00  2.434870E+05
       19  8.096382E+01  2.587865E+05  5.087107E+02  1.000000E+00  2.587865E+05
       20  8.725091E+01  3.005382E+05  5.482137E+02  1.000000E+00  3.005382E+05
       21  8.766229E+01  3.033789E+05  5.507984E+02  1.000000E+00  3.033789E+05
       22  9.447655E+01  3.523772E+05  5.936137E+02  1.000000E+00  3.523772E+05
       23  9.638620E+01  3.667663E+05  6.056123E+02  1.000000E+00  3.667663E+05
       24  1.004281E+02  3.981714E+05  6.310083E+02  1.000000E+00  3.981714E+05
       25  1.014438E+02  4.062661E+05  6.373900E+02  1.000000E+00  4.062661E+05
       26  1.024828E+02  4.146307E+05  6.439182E+02  1.000000E+00  4.146307E+05
       27  1.049218E+02  4.346013E+05  6.592430E+02  1.000000E+00  4.346013E+05
       28  1.078462E+02  4.591661E+05  6.776180E+02  1.000000E+00  4.591661E+05
       29  1.095729E+02  4.739863E+05  6.884667E+02  1.000000E+00  4.739863E+05
       30  1.109331E+02  4.858273E+05  6.970131E+02  1.000000E+00  4.858273E+05
       31  1.177634E+02  5.474953E+05  7.399292E+02  1.000000E+00  5.474953E+05
       32  1.194330E+02  5.631295E+05  7.504196E+02  1.000000E+00  5.631295E+05
       33  1.257553E+02  6.243273E+05  7.901439E+02  1.000000E+00  6.243273E+05
       34  1.316287E+02  6.840076E+05  8.270475E+02  1.000000E+00  6.840076E+05
       35  1.330515E+02  6.988743E+05  8.359870E+02  1.000000E+00  6.988743E+05
       36  1.359346E+02  7.294910E+05  8.541024E+02  1.000000E+00  7.294910E+05
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       37  1.379240E+02  7.509989E+05  8.666019E+02  1.000000E+00  7.509989E+05
       38  1.419660E+02  7.956613E+05  8.919985E+02  1.000000E+00  7.956613E+05
       39  1.485267E+02  8.709012E+05  9.332209E+02  1.000000E+00  8.709012E+05
       40  1.491362E+02  8.780632E+05  9.370503E+02  1.000000E+00  8.780632E+05
       41  1.519535E+02  9.115515E+05  9.547521E+02  1.000000E+00  9.115515E+05
       42  1.530873E+02  9.252054E+05  9.618760E+02  1.000000E+00  9.252054E+05
       43  1.553028E+02  9.521786E+05  9.757964E+02  1.000000E+00  9.521786E+05
       44  1.646612E+02  1.070391E+06  1.034597E+03  1.000000E+00  1.070391E+06
       45  1.703970E+02  1.146262E+06  1.070636E+03  1.000000E+00  1.146262E+06
       46  1.744973E+02  1.202090E+06  1.096399E+03  1.000000E+00  1.202090E+06
       47  1.753493E+02  1.213858E+06  1.101752E+03  1.000000E+00  1.213858E+06
       48  1.846717E+02  1.346357E+06  1.160326E+03  1.000000E+00  1.346357E+06
       49  1.901489E+02  1.427405E+06  1.194741E+03  1.000000E+00  1.427405E+06
       50  1.922153E+02  1.458598E+06  1.207724E+03  1.000000E+00  1.458598E+06
       51  1.983648E+02  1.553421E+06  1.246363E+03  1.000000E+00  1.553421E+06
       52  1.990010E+02  1.563401E+06  1.250360E+03  1.000000E+00  1.563401E+06
       53  1.997046E+02  1.574475E+06  1.254781E+03  1.000000E+00  1.574475E+06
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE    8
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              
 MODES FOR METHOD OF LOADCASE 1                               LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       54  2.017152E+02  1.606339E+06  1.267414E+03  1.000000E+00  1.606339E+06
       55  2.054521E+02  1.666406E+06  1.290894E+03  1.000000E+00  1.666406E+06
       56  2.079006E+02  1.706361E+06  1.306278E+03  1.000000E+00  1.706361E+06
       57  2.148648E+02  1.822595E+06  1.350035E+03  1.000000E+00  1.822595E+06
       58  2.149083E+02  1.823333E+06  1.350309E+03  1.000000E+00  1.823333E+06
       59  2.166316E+02  1.852692E+06  1.361136E+03  1.000000E+00  1.852692E+06
       60  2.180902E+02  1.877725E+06  1.370301E+03  1.000000E+00  1.877725E+06
       61  2.195659E+02  1.903222E+06  1.379573E+03  1.000000E+00  1.903222E+06
       62  2.227166E+02  1.958236E+06  1.399370E+03  1.000000E+00  1.958236E+06
       63  2.262166E+02  2.020267E+06  1.421361E+03  1.000000E+00  2.020267E+06
       64  2.282319E+02  2.056422E+06  1.434023E+03  1.000000E+00  2.056422E+06
       65  2.301731E+02  2.091554E+06  1.446221E+03  1.000000E+00  2.091554E+06
       66  2.343297E+02  2.167775E+06  1.472337E+03  1.000000E+00  2.167775E+06
       67  2.382667E+02  2.241229E+06  1.497074E+03  1.000000E+00  2.241229E+06
       68  2.411013E+02  2.294874E+06  1.514884E+03  1.000000E+00  2.294874E+06
       69  2.432607E+02  2.336166E+06  1.528452E+03  1.000000E+00  2.336166E+06
       70  2.463839E+02  2.396539E+06  1.548076E+03  1.000000E+00  2.396539E+06
       71  2.476746E+02  2.421713E+06  1.556186E+03  1.000000E+00  2.421713E+06
       72  2.530028E+02  2.527030E+06  1.589664E+03  1.000000E+00  2.527030E+06
       73  2.539858E+02  2.546705E+06  1.595840E+03  1.000000E+00  2.546705E+06
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       74  2.550100E+02  2.567285E+06  1.602275E+03  1.000000E+00  2.567285E+06
       75  2.566053E+02  2.599506E+06  1.612298E+03  1.000000E+00  2.599506E+06
       76  2.601819E+02  2.672476E+06  1.634771E+03  1.000000E+00  2.672476E+06
       77  2.616394E+02  2.702502E+06  1.643929E+03  1.000000E+00  2.702502E+06
       78  2.624099E+02  2.718442E+06  1.648770E+03  1.000000E+00  2.718442E+06
       79  2.713221E+02  2.906231E+06  1.704767E+03  1.000000E+00  2.906231E+06
       80  2.745298E+02  2.975355E+06  1.724922E+03  1.000000E+00  2.975355E+06
       81  2.829785E+02  3.161306E+06  1.778006E+03  1.000000E+00  3.161306E+06
       82  2.853136E+02  3.213695E+06  1.792678E+03  1.000000E+00  3.213695E+06
       83  2.864429E+02  3.239186E+06  1.799774E+03  1.000000E+00  3.239186E+06
       84  2.907460E+02  3.337238E+06  1.826811E+03  1.000000E+00  3.337238E+06
       85  2.920203E+02  3.366555E+06  1.834817E+03  1.000000E+00  3.366555E+06
       86  2.948576E+02  3.432294E+06  1.852645E+03  1.000000E+00  3.432294E+06
       87  3.038140E+02  3.643973E+06  1.908919E+03  1.000000E+00  3.643973E+06
       88  3.045347E+02  3.661283E+06  1.913448E+03  1.000000E+00  3.661283E+06
       89  3.139639E+02  3.891519E+06  1.972693E+03  1.000000E+00  3.891519E+06
       90  3.140780E+02  3.894348E+06  1.973410E+03  1.000000E+00  3.894348E+06
       91  3.169001E+02  3.964647E+06  1.991142E+03  1.000000E+00  3.964647E+06
       92  3.225811E+02  4.108066E+06  2.026837E+03  1.000000E+00  4.108066E+06
       93  3.226957E+02  4.110986E+06  2.027557E+03  1.000000E+00  4.110986E+06
       94  3.255820E+02  4.184857E+06  2.045692E+03  1.000000E+00  4.184857E+06
       95  3.294078E+02  4.283782E+06  2.069730E+03  1.000000E+00  4.283782E+06
       96  3.334734E+02  4.390179E+06  2.095275E+03  1.000000E+00  4.390179E+06
       97  3.338873E+02  4.401082E+06  2.097876E+03  1.000000E+00  4.401082E+06
       98  3.397232E+02  4.556278E+06  2.134544E+03  1.000000E+00  4.556278E+06
       99  3.397268E+02  4.556373E+06  2.134566E+03  1.000000E+00  4.556373E+06
      100  3.413188E+02  4.599177E+06  2.144569E+03  1.000000E+00  4.599177E+06
      101  3.459251E+02  4.724153E+06  2.173512E+03  1.000000E+00  4.724153E+06
      102  3.565466E+02  5.018714E+06  2.240249E+03  1.000000E+00  5.018714E+06
      103  3.604653E+02  5.129638E+06  2.264870E+03  1.000000E+00  5.129638E+06
      104  3.635344E+02  5.217361E+06  2.284154E+03  1.000000E+00  5.217361E+06
      105  3.649659E+02  5.258529E+06  2.293148E+03  1.000000E+00  5.258529E+06
      106  3.672040E+02  5.323223E+06  2.307211E+03  1.000000E+00  5.323223E+06
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      107  3.689164E+02  5.372984E+06  2.317970E+03  1.000000E+00  5.372984E+06
      108  3.708760E+02  5.430218E+06  2.330283E+03  1.000000E+00  5.430218E+06
      109  3.711566E+02  5.438436E+06  2.332045E+03  1.000000E+00  5.438436E+06
      110  3.747654E+02  5.544707E+06  2.354720E+03  1.000000E+00  5.544707E+06
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      111  3.768880E+02  5.607695E+06  2.368057E+03  1.000000E+00  5.607695E+06
      112  3.775992E+02  5.628879E+06  2.372526E+03  1.000000E+00  5.628879E+06
      113  3.790633E+02  5.672614E+06  2.381725E+03  1.000000E+00  5.672614E+06
      114  3.834881E+02  5.805818E+06  2.409526E+03  1.000000E+00  5.805818E+06
      115  3.876225E+02  5.931681E+06  2.435504E+03  1.000000E+00  5.931681E+06
      116  3.882995E+02  5.952417E+06  2.439758E+03  1.000000E+00  5.952417E+06
      117  3.928439E+02  6.092558E+06  2.468311E+03  1.000000E+00  6.092558E+06
      118  3.981006E+02  6.256700E+06  2.501340E+03  1.000000E+00  6.256700E+06
      119  4.008547E+02  6.343569E+06  2.518644E+03  1.000000E+00  6.343569E+06
      120  4.035564E+02  6.429367E+06  2.535620E+03  1.000000E+00  6.429367E+06
      121  4.046376E+02  6.463863E+06  2.542413E+03  1.000000E+00  6.463863E+06
      122  4.049785E+02  6.474761E+06  2.544555E+03  1.000000E+00  6.474761E+06
      123  4.068923E+02  6.536099E+06  2.556580E+03  1.000000E+00  6.536099E+06
      124  4.109347E+02  6.666616E+06  2.581979E+03  1.000000E+00  6.666616E+06
      125  4.121369E+02  6.705677E+06  2.589532E+03  1.000000E+00  6.705677E+06
      126  4.128014E+02  6.727319E+06  2.593708E+03  1.000000E+00  6.727319E+06
      127  4.144969E+02  6.782696E+06  2.604361E+03  1.000000E+00  6.782696E+06
      128  4.160662E+02  6.834150E+06  2.614221E+03  1.000000E+00  6.834150E+06
      129  4.210765E+02  6.999738E+06  2.645702E+03  1.000000E+00  6.999738E+06
      130  4.237687E+02  7.089529E+06  2.662617E+03  1.000000E+00  7.089529E+06
      131  4.265940E+02  7.184379E+06  2.680369E+03  1.000000E+00  7.184379E+06
      132  4.285729E+02  7.251186E+06  2.692803E+03  1.000000E+00  7.251186E+06
      133  4.289692E+02  7.264603E+06  2.695293E+03  1.000000E+00  7.264603E+06
      134  4.321595E+02  7.373062E+06  2.715338E+03  1.000000E+00  7.373062E+06
      135  4.364526E+02  7.520279E+06  2.742313E+03  1.000000E+00  7.520279E+06
      136  4.383175E+02  7.584682E+06  2.754030E+03  1.000000E+00  7.584682E+06
      137  4.415678E+02  7.697584E+06  2.774452E+03  1.000000E+00  7.697584E+06
      138  4.450863E+02  7.820747E+06  2.796560E+03  1.000000E+00  7.820747E+06
      139  4.469791E+02  7.887406E+06  2.808453E+03  1.000000E+00  7.887406E+06
      140  4.519053E+02  8.062220E+06  2.839405E+03  1.000000E+00  8.062220E+06
      141  4.559988E+02  8.208942E+06  2.865125E+03  1.000000E+00  8.208942E+06
      142  4.561910E+02  8.215861E+06  2.866332E+03  1.000000E+00  8.215861E+06
      143  4.622173E+02  8.434359E+06  2.904197E+03  1.000000E+00  8.434359E+06
      144  4.623849E+02  8.440476E+06  2.905250E+03  1.000000E+00  8.440476E+06
      145  4.648159E+02  8.529465E+06  2.920525E+03  1.000000E+00  8.529465E+06
      146  4.675371E+02  8.629626E+06  2.937623E+03  1.000000E+00  8.629626E+06
      147  4.708584E+02  8.752667E+06  2.958491E+03  1.000000E+00  8.752667E+06
      148  4.824764E+02  9.189923E+06  3.031489E+03  1.000000E+00  9.189923E+06
      149  4.843205E+02  9.260307E+06  3.043075E+03  1.000000E+00  9.260307E+06
      150  4.870880E+02  9.366441E+06  3.060464E+03  1.000000E+00  9.366441E+06
      151  4.890575E+02  9.442341E+06  3.072839E+03  1.000000E+00  9.442341E+06
      152  4.927745E+02  9.586415E+06  3.096194E+03  1.000000E+00  9.586415E+06
      153  2.852748E+03  3.212822E+08  1.792435E+04  1.000000E+00  3.212822E+08
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE   10
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              
GENESIS November 2009 Design Examples Manual 1503



               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.682721E-01

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          2.000000E+00    5.000000E+00    1.500000E+01
          2     T5          2.000000E+00    5.000000E+00    1.500000E+01
          3     T7          2.000000E+00    5.000000E+00    1.500000E+01
          4     T10         2.000000E+00    5.000000E+00    1.500000E+01
          5     T12         2.000000E+00    5.000000E+00    1.500000E+01
          6     T13         2.000000E+00    5.000000E+00    1.500000E+01
         13     T14         2.000000E+00    5.000000E+00    1.500000E+01
         14     T15         2.000000E+00    5.000000E+00    1.500000E+01
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  CONSTRAINT

                         MODAL RANDOM RMSVELO
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
               GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                     1   3        1   0  7.326571E+01 UB   1.000000E+02   I
                    78   3        1   0  7.326462E+01 UB   1.000000E+02   I
                    97   3        1   0  7.326075E+01 UB   1.000000E+02   I
                   108   3        1   0  7.325975E+01 UB   1.000000E+02   I
                   749   3        1   0  1.380154E+02 UB   1.000000E+02   V
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                   822   3        1   0  1.380215E+02 UB   1.000000E+02   V
                   829   3        1   0  1.380200E+02 UB   1.000000E+02   V
                  1050   3        1   0  1.380180E+02 UB   1.000000E+02   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE   13
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----------------------------------------
This output data listing is intentionally cut to save space. The complete file 
is provided with the installation CD>
----------------------------------------
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               ********************************************
               *  D E S I G N  C Y C L E     15 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.430041E-01

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     T3          2.000000E+00    2.001513E+00    1.500000E+01
          2     T5          2.000000E+00    2.000000E+00    1.500000E+01
          3     T7          2.000000E+00    2.001034E+00    1.500000E+01
          4     T10         2.000000E+00    2.000000E+00    1.500000E+01
          5     T12         2.000000E+00    1.500000E+01    1.500000E+01
          6     T13         2.000000E+00    4.550888E+00    1.500000E+01
         13     T14         2.000000E+00    2.001025E+00    1.500000E+01
         14     T15         2.000000E+00    8.189574E+00    1.500000E+01
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  CONSTRAINT
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                         MODAL RANDOM RMSVELO
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
               GRID ID ITEM    ID   FREQ  VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                   749   3        1   0  9.996666E+01 UB   1.000000E+02   A
                   822   3        1   0  9.996934E+01 UB   1.000000E+02   A
                   829   3        1   0  9.996933E+01 UB   1.000000E+02   A
                  1050   3        1   0  9.996834E+01 UB   1.000000E+02   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE  133
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

               ********************************************
               *  D E S I G N  C Y C L E     15 (ANALYSIS)*
               ********************************************
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                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 14:42  PAGE  135
 SIZING OPTIMIZATION OF A TRUCK WITH RANDOM RESPONSES                    
 MASS MINIMIZATION WITH RMSVELO CONSTRAINTS                              

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     2.6827E-01        38.0%
    1     2.8228E-01        28.5%
    2     2.9995E-01        18.7%
    3     3.3043E-01         5.0%
    4     3.2178E-01         0.0%
    5     2.9458E-01         0.0%
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    6     2.6868E-01         0.0%
    7     2.5771E-01         0.0%
    8     2.5159E-01         0.0%
    9     2.4674E-01         0.1%
   10     2.4400E-01         0.3%
   11     2.4360E-01         0.5%
   12     2.4349E-01         0.5%
   13     2.4423E-01         0.0%
   14     2.4327E-01         0.0%
   15     2.4300E-01         0.0%
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE      VARIABLE      VARIABLE
                1             2             3             4             5
               T3            T5            T7           T10           T12

    0     5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00    5.0000E+00 
    1     4.7009E+00    5.1952E+00    5.4105E+00    5.3675E+00    5.8782E+00 
    2     4.1039E+00    5.5505E+00    5.7916E+00    5.8888E+00    6.7258E+00 
    3     3.5637E+00    5.7988E+00    6.6216E+00    6.7424E+00    8.0305E+00 
    4     3.6651E+00    4.6030E+00    5.2594E+00    7.7104E+00    9.9170E+00 
    5     3.8503E+00    3.6594E+00    4.8182E+00    7.4768E+00    1.2396E+01 
    6     4.3447E+00    2.7446E+00    3.8286E+00    5.6076E+00    1.5000E+01 
    7     4.5459E+00    2.0585E+00    3.0418E+00    5.2199E+00    1.5000E+01*
    8     3.6117E+00    2.0002E+00    2.2813E+00    4.6810E+00    1.5000E+01*
    9     2.8695E+00    2.0002E+00    2.0001E+00    3.5107E+00    1.5000E+01*
   10     2.1521E+00    2.0001E+00    2.0003E+00    2.6331E+00    1.5000E+01*
   11     2.2113E+00    2.0000E+00*   2.0003E+00    3.0196E+00    1.5000E+01*
   12     2.0000E+00    2.0000E+00*   2.0007E+00    2.6392E+00    1.5000E+01*
   13     2.0015E+00    2.0000E+00*   2.0010E+00    2.1993E+00    1.5000E+01*
   14     2.0015E+00    2.0000E+00*   2.0010E+00    2.0000E+00*   1.5000E+01*
   15     2.0015E+00    2.0000E+00*   2.0010E+00    2.0000E+00*   1.5000E+01*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND
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                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN        DESIGN        DESIGN
 CYCLE     VARIABLE      VARIABLE      VARIABLE
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                6            13            14
              T13           T14           T15

    0     5.0000E+00    5.0000E+00    5.0000E+00 
    1     5.4862E+00    5.3419E+00    4.9347E+00 
    2     6.1553E+00    5.6932E+00    5.0312E+00 
    3     7.0449E+00    6.5043E+00    5.7498E+00 
    4     6.7048E+00    5.1676E+00    6.3832E+00 
    5     5.3397E+00    4.1513E+00    6.3036E+00 
    6     4.2423E+00    3.2979E+00    6.0559E+00 
    7     3.8425E+00    2.6199E+00    6.9254E+00 
    8     4.1988E+00    2.0007E+00    7.0827E+00 
    9     4.5188E+00    2.0007E+00    7.0418E+00 
   10     5.0811E+00    2.0007E+00    6.4321E+00 
   11     4.7060E+00    2.0010E+00    7.1094E+00 
   12     4.7946E+00    2.0010E+00    7.3024E+00 
   13     4.8223E+00    2.0010E+00    7.5533E+00 
   14     4.6748E+00    2.0010E+00    7.8996E+00 
   15     4.5509E+00    2.0010E+00    8.1896E+00 
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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2.80 Freeform Optimization on Raw Perturbations (DVGRID) 
using Grid Fraction and Mirror Symmetry Constraints 

Example ID:
D080

Design Data Used:
DVAR, DSHAPE(GRIDFR, SYM), DVGRID, DINDEX, DRESP1

Special Features Used:
SYM and GRIDFR options in DSHAPE data entry to enforce mirror symmetry and also con-
straint the movement of the grids. 

Problem Statement:
A solid plate is subject to mutliple torsional loading conditions. In the first loadcase, the front and 
back corners of the structure are constrained and a torsional load is applied in the mid section. In 
the second loadcase, the front corners of the structure are constrained and a torsional load is 
applied in the back section. In the third loadcase, the back corners of the structure are constrained 
and a torsional load is applied in the front section. The structure is designed to be as stiff as possi-
ble for the applied loadcases

Design Problem: 
Find the shape of the plate that minimizes the strain energy by moving upto 45% of the designable 
grids and ensuring mirror symmetries along the center. 
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Problem Description:
1. A bar modeled using CHEXA elements.  
2. Three torsional loadcases. 

Results:
The following figure shows the final freeform optimized shape. In the figure, red represents the 
highest possible movements and blue the lowest.

Figure 2-29Final Solution
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2.80.1 Input Data
The input data is quite large so only portions of it is given here. This input 
data is named D080.dat and is provide with the installation CD.

ID D080
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 11.0 (r616)
$ Exported on 2009-08-28 10:40
$----------------------------------------------------------------------$
DIAG=85
$
$ Executive Control
$
POST = PUNCH
DIAG = 87
DIAG = 12
SOL COMPAT1
CEND
$
$ Solution Control
$
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
SHAPE = POST
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = Torsion Middle
   SPC = 1
   LOAD = 1
SUBCASE 2
   LABEL = Torsion End 1
   SPC = 2
   LOAD = 2
SUBCASE 3
   LABEL = Torsion End 2
   SPC = 3
   LOAD = 3
BEGIN BULK
$
$ Parameters
$
PARAM    MSMOOTH      ON
PARAM    SHAPECK       0
DOPT          25
+        SHAPECN       2
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
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$HMNAME DVAR        1 "Shape1"
DVAR           1  Shape1     0.0-1.000001.000000                
$HMNAME SHAPE        1 "Perturbations"
DSHAPE         1rbations    FREE                                
+       SYM            1     MYZ     MXY     MZX                
+       GRIDFR  .4500000                
DVGRID         1     179        1.200000     0.0     0.01.000000       0
DVGRID         1     178        1.200000     0.0     0.01.000000       0
DVGRID         1     177        1.200000     0.0     0.01.000000       0
DVGRID         1     176        1.200000     0.0     0.01.000000       0
DVGRID         1     175        1.200000     0.0     0.01.000000       0

--------   Some DVGRID data has be deleted to reduce space  ------

DVGRID         1    2900        1.200000     0.0     0.01.000000       0
DVGRID         1    2902        1.200000     0.0     0.01.000000       0
DVGRID         1    2904        1.200000     0.0     0.01.000000       0
DVGRID         1    2906        1.200000     0.0     0.01.000000       0
DVGRID         1    2908        1.200000     0.0     0.01.000000       0
DVGRID         1    2910        1.200000     0.0     0.01.000000       0
DVGRID         1    2912        1.200000     0.0     0.01.000000       0
DVGRID         1    2914        1.200000     0.0     0.01.000000       0
DVGRID         1    2916        1.200000     0.0     0.01.000000       0
DVGRID         1   12224        1.200000     0.0     0.0-1.00000       0
DVGRID         1   12226        1.200000     0.0     0.0-1.00000       0
DVGRID         1   12228        1.200000     0.0     0.0-1.00000       0
DVGRID         1   12230        1.200000     0.0     0.0-1.00000       0
DVGRID         1   12240        1.200000     0.0     0.0-1.00000       0
DVGRID         1   12238        1.200000     0.0     0.0-1.00000       0

--------   Some DVGRID data has be deleted to reduce space  ------

DVGRID         1   17788        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17792        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17796        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17800        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17804        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17808        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17812        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17816        1.200000     0.0     0.0-1.00000       0
DVGRID         1   17820        1.200000     0.0     0.0-1.00000       0
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DINDEX         1       11.000000
+              2       21.000000
+              3       31.000000
$HMNAME RESP        1 "StrainEnergy"
DRESP1         1inEnergy SENERGY                        
$HMNAME RESP        2 "StrainEnergy"
DRESP1         2inEnergy SENERGY                        
$HMNAME RESP        3 "StrainEnergy"
DRESP1         3inEnergy SENERGY                        
$
$ Property definitions
$
$HMNAME COMP        1 "Non-Designable Region"
$HMCOLOR COMP        1       1
PSOLID         1       1        
$HMNAME COMP        3 "Designable Region"
$HMCOLOR COMP        3       3
PSOLID         3       1        
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           1207000.0        .30000007.8000-9                        
$
$ Load definitions
$
$HMNAME LOADCOL        1 "Load Set 1"
FORCE          1   14880        50.00000     0.0     0.0-1.00000
FORCE          1    8886        50.00000     0.0     0.0-1.00000
FORCE          1    4443        50.00000     0.0     0.0-1.00000
FORCE          1    1446        50.00000     0.0     0.0-1.00000
FORCE          1   15022        50.00000     0.0     0.01.000000
FORCE          1   15021        50.00000     0.0     0.01.000000
FORCE          1    9027        50.00000     0.0     0.01.000000
FORCE          1    1517        50.00000     0.0     0.01.000000
$HMNAME LOADCOL        2 "Load Set 2"
FORCE          2    2997        50.00000     0.0     0.0-1.00000
FORCE          2    5994        50.00000     0.0     0.0-1.00000
FORCE          2   17981        50.00000     0.0     0.0-1.00000
FORCE          2   17982        50.00000     0.0     0.0-1.00000
FORCE          2   17840        50.00000     0.0     0.01.000000
FORCE          2   17839        50.00000     0.0     0.01.000000
FORCE          2    5923        50.00000     0.0     0.01.000000
FORCE          2    2926        50.00000     0.0     0.01.000000
$HMNAME LOADCOL        3 "Load Set 3"
FORCE          3   11990        50.00000     0.0     0.0-1.00000
FORCE          3   11989        50.00000     0.0     0.0-1.00000
FORCE          3    2998        50.00000     0.0     0.0-1.00000
FORCE          3       1        50.00000     0.0     0.0-1.00000
FORCE          3   12208        50.00000     0.0     0.01.000000
FORCE          3   12207        50.00000     0.0     0.01.000000
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FORCE          3    6213        50.00000     0.0     0.01.000000
FORCE          3     110        50.00000     0.0     0.01.000000
$
$ Boundary Condition definitions
$
$HMNAME GCSET        1 "SPC Set 1"
SPC            1   17982  123456     0.0
SPC            1   17981  123456     0.0
SPC            1   17840  123456     0.0
SPC            1   17839  123456     0.0
SPC            1   12208  123456     0.0
SPC            1   12207  123456     0.0
SPC            1   11990  123456     0.0
SPC            1   11989  123456     0.0
SPC            1    6213  123456     0.0
SPC            1    5994  123456     0.0
SPC            1    5923  123456     0.0
SPC            1    2998  123456     0.0
SPC            1    2997  123456     0.0
SPC            1    2926  123456     0.0
SPC            1     110  123456     0.0
SPC            1       1  123456     0.0
$HMNAME GCSET        2 "SPC Set 2"
SPC            2   12208  123456     0.0
SPC            2   12207  123456     0.0
SPC            2   11990  123456     0.0
SPC            2   11989  123456     0.0
SPC            2    6213  123456     0.0
SPC            2    2998  123456     0.0
SPC            2     110  123456     0.0
SPC            2       1  123456     0.0
$HMNAME GCSET        3 "SPC Set 3"
SPC            3   17982  123456     0.0
SPC            3   17981  123456     0.0
SPC            3   17840  123456     0.0
SPC            3   17839  123456     0.0
SPC            3    5994  123456     0.0
SPC            3    5923  123456     0.0
SPC            3    2997  123456     0.0
SPC            3    2926  123456     0.0
$
$ Coordinate systems
$
$HMNAME SYSTCOL        1 "Center CoordSys"
CORD2R         1        20.00000-12.4000.750000020.00000-12.400010.75000
+       30.00000-12.4000.7500000
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2.80.2 Output
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2009           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 11.0

                             BUILD CODE r322/r21     BETA

     PROJECT NAME: D080
     RUN STARTED:  Sep  3, 2009 11:47
     SYSTEM TYPE:  Windows XP x86 1-CPU
     LENVEC:             127875000
     IOBUFF:               64,256K
     THREADS:                    1

     LICENSED TO: VR&D                                                        

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE    1
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                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D080
 $----------------------------------------------------------------------$
 $ Data written by Design Studio for Genesis 11.0 (r616)
 $ Exported on 2009-08-28 10:40
 $----------------------------------------------------------------------$
 DIAG=85
 $
 $ Executive Control
 $
 POST = PUNCH
 DIAG = 87
 DIAG = 12
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 SHAPE = POST
  $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = Torsion Middle
    SPC = 1
    LOAD = 1
 SUBCASE 2
    LABEL = Torsion End 1
    SPC = 2
    LOAD = 2
 SUBCASE 3
    LABEL = Torsion End 2
    SPC = 3
    LOAD = 3
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE    8
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 $
 $ Parameters
 $
 PARAM   MSMOOTH ON                                                              
 PARAM   SHAPECK 0                                                               
 DOPT    25                                                                      
 +       SHAPECN 2                                                               
 ENDDATA

                         FREE-FORM OPTIMIZATION SUMMARY   

              NUMBER OF FREE-FORM REGIONS:                            1
              ADDED NUMBER OF INDEPENDENT VARIABLES:                607
              ADDED NUMBER OF DRESP2/3 DATA  (GRIDFR):                1
              ADDED NUMBER OF DRESP3-DVAR ARGUMENTS (GRIDFR):      4650
  

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE    9
                                                                         
                                                                         

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                  11989
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                8640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      8640
                   NUMBER OF ELEMENT PROPERTIES:               2
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:           35964

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MATCHING RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:     608
                  TOTAL NUMBER OF DESIGN VARIABLES:           608
                  NUMBER OF SHAPE DESIGN VARIABLES:           608
                  NUMBER OF DIRECT RESPONSES:                   3
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                  NUMBER OF SYNTHETIC RESPONSES:                1
                  NUMBER OF POTENTIAL CONSTRAINTS:              2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  TOTAL NUMBER OF LOAD CASES:                    3
 

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   11
                                                                         
                                                                         

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              8.424000E-06
                    SYSTEM VOLUME            1.080000E+03
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   12
                                                                         
                                                                         

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  1.800E+01  1.500E+00  7.200E+02  2.700E+01  6.000E+01  1.080E+03

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   13
                                                                         
                                                                         

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  1.321879E-12 ; STRAIN ENERGY :  3.212882E+01
 LOADCASE        2 ; RESIDUAL : -1.226322E-12 ; STRAIN ENERGY :  1.662846E+02
 LOADCASE        3 ; RESIDUAL :  9.515307E-12 ; STRAIN ENERGY :  1.662846E+02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   14
                                                                         
                                                                         

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       1  0.0000E+00  0.0000E+00  0.0000E+00  3.6000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00 -3.6000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00  3.6000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   15
                                                                         
                                                                         

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.8616E-11 -3.4954E-10  1.9042E-09 -3.6000E+03 -3.5637E-08 -6.0636E-09
       2 -5.0137E-10  5.0337E-10 -6.8305E-09  3.6000E+03  1.6602E-07 -2.6411E-09
       3 -4.4815E-10 -2.7202E-09  9.7769E-09 -3.6000E+03 -1.1240E-07 -4.4399E-08
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   16
                                                                         
                                                                         

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1446     5.0000E+01  0.0000E+00  0.0000E+00 -5.0000E+01
       2     2926     5.0000E+01  0.0000E+00  0.0000E+00  5.0000E+01
       3        1     5.0000E+01  0.0000E+00  0.0000E+00 -5.0000E+01
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1    11990     9.8061E+01 -8.7278E+01 -3.2761E+01  3.0419E+01
       2    11990     1.9917E+02  1.7774E+02  6.5739E+01 -6.1275E+01
       3    17840     1.9917E+02  1.7774E+02 -6.5739E+01  6.1275E+01
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   18
                                                                         
                                                                         

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1446     1.6174E-01  4.7636E-15  1.6122E-02 -1.6093E-01
       2     2926     8.3543E-01  1.7241E-02 -6.9755E-02  8.3233E-01
       3        1     8.3543E-01  1.7241E-02  6.9755E-02 -8.3233E-01
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1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   19
                                                                         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   20
                                                                         
                                                                         

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       rbations         4          ASAVG1        0        1         0.000000E+00
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   21
                                                                         
                                                                         

                     RETAINED INTERMEDIATE RESPONSE SUMMARY

         NUMBER OF R. STRAIN ENERGIES                           3
         TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

         NUMBER OF INTERMEDIATE DESIGN VARIABLES              608

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   22
                                                                         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.000000E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
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   -----------------------------------------------------------------------
          1     Shape1     -1.000000E+00    0.000000E+00    1.000000E+00
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  DINDEX

                       DINDEX INFORMATION (DINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        3
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      3
             SUM OF ORIGINAL DINDEX RESPONES          3.646979E+02
             SUM OF CURRENT DINDEX RESPONES           3.646979E+02
             AVERAGE OF ORIGINAL DINDEX RESPONES      1.215660E+02
             AVERAGE OF CURRENT DINDEX RESPONES       1.215660E+02
             CHANGE OF AVERAGE OF DINDEX RESPONES     0.000000E+00%
             DINDEX ORIGINAL VALUE                    3.000000E+00
             DINDEX CURRENT VALUE                     3.000000E+00
             CHANGE OF DINDEX                         0.000000E+00%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
        1        1 SENERGY   1.000E+00  3.212882E+01  3.212882E+01  1.000000E+00
                                                    ( 0.000000E+00%)
        2        2 SENERGY   1.000E+00  1.662846E+02  1.662846E+02  1.000000E+00
                                                    ( 0.000000E+00%)
        3        3 SENERGY   1.000E+00  1.662846E+02  1.662846E+02  1.000000E+00
                                                    ( 0.000000E+00%)
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   24
                                                                         
                                                                         

                     RETAINED RESPONSE STATUS

         THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            0
         THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            0
         THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
         TOTAL NUMBER OF USER RETAINED CONSTRAINTS              0

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   25
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                        APPROXIMATE OPTIMIZATION SUMMARY   

         THE NUMBER OF INDEPENDENT VARIABLES IN APPROX        608
         THE APPROXIMATE OPTIMIZATION METHOD SWITCH             4
         THE NUMBER OF BIGDOT FUNCTION CALLS                   18
         THE NUMBER OF BIGDOT GRADIENT CALLS                    3
         THE NUMBER OF BIGDOT ITERATIONS                        3

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   26
                                                                         
                                                                         

                    DISTORSION CONSTRAINTS PROCEDURE SUMMARY

         DISTORSION BOUND VALUE TYPE IS   (SHAPECN)             2
          [JACOBIAN AND ERROR-DISTORTIONS USED]         
         DISTORSION CONST. LOC. PARAMETER IS   (SHAPEGL)        3
          [DISTORSION CONST. LOC. IS APPROX & UPDATE]  
         MSM APPROX CONTROL VALUE IS  (SHAPESC)                 2
         DOPT PARAMETER MSMOOTH IS ON
           [MSM FIXED GRID LOCATIONS IN THE APPROX]      
         NUMBER OF DISTORTED ELEMENT FOUND                      0
         FINAL  NUMBER OF DISTORTED ELEMENT FOUND               0
         MAXIMUM # OF BACK-OFF REP IN APPROX (SHAPENL)          3
         NUMBER OF DISTORSION CONSTRAINTS CYCLES                0
 

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   27
                                                                         
                                                                         

               ****************************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   28
                                                                         
                                                                         

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              9.512100E-06
                    SYSTEM VOLUME            1.219500E+03
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                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   29
                                                                         
                                                                         

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  1.800E+01  1.740E+00  7.200E+02  3.132E+01  6.960E+01  1.253E+03
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                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -8.287070E-13 ; STRAIN ENERGY :  2.304813E+01
 LOADCASE        2 ; RESIDUAL : -2.097366E-12 ; STRAIN ENERGY :  1.144052E+02
 LOADCASE        3 ; RESIDUAL :  5.584167E-12 ; STRAIN ENERGY :  1.144052E+02
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                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00  3.6000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00 -3.6000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00  3.6000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   32
                                                                         
                                                                         

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  1.0309E-10 -2.4697E-10  6.4987E-10 -3.6000E+03 -1.3155E-08 -4.0964E-09
       2 -1.1051E-09  4.6807E-10 -2.6260E-09  3.6000E+03  6.4383E-08 -7.0785E-09
       3  1.3645E-10 -1.4312E-09  3.6381E-09 -3.6000E+03 -4.5030E-08 -2.3536E-08
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                    M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1446     5.0000E+01  0.0000E+00  0.0000E+00 -5.0000E+01
       2     2926     5.0000E+01  0.0000E+00  0.0000E+00  5.0000E+01
       3        1     5.0000E+01  0.0000E+00  0.0000E+00 -5.0000E+01
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   34
                                                                         
                                                                         

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1    11990     8.1234E+01 -7.0239E+01 -2.9862E+01  2.7814E+01
       2        1     1.6420E+02 -1.4233E+02 -5.9837E+01 -5.5881E+01
       3    17840     1.6420E+02  1.4233E+02 -5.9837E+01  5.5881E+01
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   35
                                                                         
                                                                         

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1446     1.1617E-01  3.9031E-17  1.1930E-02 -1.1555E-01
       2     2926     5.7516E-01  1.2925E-02 -4.8798E-02  5.7294E-01
       3        1     5.7516E-01  1.2925E-02  4.8798E-02 -5.7294E-01
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               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   37
                                                                         
                                                                         

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       rbations         4          ASAVG1        0        1         1.000000E-01
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                     RETAINED INTERMEDIATE RESPONSE SUMMARY

         NUMBER OF R. STRAIN ENERGIES                           3
         TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

         NUMBER OF INTERMEDIATE DESIGN VARIABLES              608

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   39
                                                                         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      1 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.093383E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Shape1     -1.000000E+00   -1.000000E-01    1.000000E+00
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  DINDEX

                       DINDEX INFORMATION (DINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        3
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      3
             SUM OF ORIGINAL DINDEX RESPONES          3.646979E+02
             SUM OF CURRENT DINDEX RESPONES           2.518585E+02
             AVERAGE OF ORIGINAL DINDEX RESPONES      1.215660E+02
             AVERAGE OF CURRENT DINDEX RESPONES       8.395283E+01
             CHANGE OF AVERAGE OF DINDEX RESPONES    -3.094052E+01%
             DINDEX ORIGINAL VALUE                    3.000000E+00
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             DINDEX CURRENT VALUE                     2.093383E+00
             CHANGE OF DINDEX                        -3.022057E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
        1        1 SENERGY   1.000E+00  3.212882E+01  2.304813E+01  7.173660E-01
                                                    (-0.282634E+02%)
        2        2 SENERGY   1.000E+00  1.662846E+02  1.144052E+02  6.880085E-01
                                                    (-0.311991E+02%)
        3        3 SENERGY   1.000E+00  1.662846E+02  1.144052E+02  6.880085E-01
                                                    (-0.311991E+02%)
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE   41
                                                                         
                                                                         

                     RETAINED RESPONSE STATUS

         THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            0
         THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            0
         THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
         TOTAL NUMBER OF USER RETAINED CONSTRAINTS              0
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                        APPROXIMATE OPTIMIZATION SUMMARY   

         THE NUMBER OF INDEPENDENT VARIABLES IN APPROX        608
         THE APPROXIMATE OPTIMIZATION METHOD SWITCH             4
         THE NUMBER OF BIGDOT FUNCTION CALLS                   14
         THE NUMBER OF BIGDOT GRADIENT CALLS                    3
         THE NUMBER OF BIGDOT ITERATIONS                        3
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                    DISTORSION CONSTRAINTS PROCEDURE SUMMARY

         DISTORSION BOUND VALUE TYPE IS   (SHAPECN)             2
          [JACOBIAN AND ERROR-DISTORTIONS USED]         
         DISTORSION CONST. LOC. PARAMETER IS   (SHAPEGL)        3
1526 Design Examples Manual November 2009 GENESIS



          [DISTORSION CONST. LOC. IS APPROX & UPDATE]  
         MSM APPROX CONTROL VALUE IS  (SHAPESC)                 2
         DOPT PARAMETER MSMOOTH IS ON
           [MSM FIXED GRID LOCATIONS IN THE APPROX]      
         NUMBER OF DISTORTED ELEMENT FOUND                      0
         FINAL  NUMBER OF DISTORTED ELEMENT FOUND               0
         MAXIMUM # OF BACK-OFF REP IN APPROX (SHAPENL)          3
         NUMBER OF DISTORSION CONSTRAINTS CYCLES                0
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----- Portions of this file has been deleted to reduce space -------

               ********************************************
               *  D E S I G N  C Y C L E     20 (ANALYSIS)*
               ********************************************
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                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       rbations         4          ASAVG1        0        1         4.536152E-01
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                     RETAINED INTERMEDIATE RESPONSE SUMMARY

         NUMBER OF R. STRAIN ENERGIES                           3
         TOTAL NUMBER OF RETAINED INTERMEDIATE RESPONSES        3 OUT OF       3

         NUMBER OF INTERMEDIATE DESIGN VARIABLES              608
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               ********************************************
               *  D E S I G N  C Y C L E     20 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.438847E-01

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Shape1     -1.000000E+00   -2.480815E-05    1.000000E+00
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  DINDEX

                       DINDEX INFORMATION (DINDEXM = 0)

             RESPONSES ARE NORMALIZED IN DINDEX                YES
             NUMBER OF RESPONSES ADDED DIRECTLY IN DINDEX        3
             NUMBER OF RESPONSES ADDED INVERTED IN DINDEX        0
             TOTAL NUMBER OF RESPONSES IN DINDEX & DMATCH/2      3
             SUM OF ORIGINAL DINDEX RESPONES          3.646979E+02
             SUM OF CURRENT DINDEX RESPONES           7.689969E+01
             AVERAGE OF ORIGINAL DINDEX RESPONES      1.215660E+02
             AVERAGE OF CURRENT DINDEX RESPONES       2.563323E+01
             CHANGE OF AVERAGE OF DINDEX RESPONES    -7.891414E+01%
             DINDEX ORIGINAL VALUE                    3.000000E+00
             DINDEX CURRENT VALUE                     6.438847E-01
             CHANGE OF DINDEX                        -7.853718E+01%
 ---------------------------------------------------------------------------
----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       DINDEX
 ID       ID       TYPE      FACTOR     RESPONSE      RESPONSE      CONTRIBUTION
                                                      (CHANGE %) 
 ---------------------------------------------------------------------------
----
        1        1 SENERGY   1.000E+00  3.212882E+01  7.224998E+00  2.248759E-01
                                                    (-0.775124E+02%)
        2        2 SENERGY   1.000E+00  1.662846E+02  3.483733E+01  2.095043E-01
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                                                    (-0.790496E+02%)
        3        3 SENERGY   1.000E+00  1.662846E+02  3.483736E+01  2.095045E-01
                                                    (-0.790496E+02%)
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  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    rbations         4                  4.536152E-01  UB   4.550000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                     RETAINED RESPONSE STATUS

         THE NUMBER OF INACTIVE RETAINED CONSTRAINTS            0
         THE NUMBER OF ACTIVE   RETAINED CONSTRAINTS            1
         THE NUMBER OF VIOLATED RETAINED CONSTRAINTS            0
         TOTAL NUMBER OF USER RETAINED CONSTRAINTS              1

GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE  388
                                                                         
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 3.000E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE  389
                                                                         
GENESIS November 2009 Design Examples Manual 1529



                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.0000E+00         0.0%
    1     2.0934E+00         0.0%
    2     1.5231E+00         0.0%
    3     1.0536E+00         0.0%
    4     7.7882E-01         0.0%
    5     7.6807E-01         0.0%
    6     7.5837E-01         0.0%
    7     7.5068E-01         0.0%
    8     7.3900E-01         0.0%
    9     7.2636E-01         0.0%
   10     7.1220E-01         0.0%
   11     7.0087E-01         0.0%
   12     6.8980E-01         0.0%
   13     6.7950E-01         0.0%
   14     6.6960E-01         0.0%
   15     6.6077E-01         0.0%
   16     6.5485E-01         0.0%
   17     6.5051E-01         0.0%
   18     6.4730E-01         0.0%
   19     6.4542E-01         0.0%
   20     6.4388E-01         0.0%
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 11:47  PAGE  390
                                                                         
                                                                         

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
           Shape1

    0     0.0000E+00 
    1    -1.0000E-01 
    2    -2.0000E-01 
    3    -3.0000E-01 
    4    -3.7108E-01 
    5    -3.4808E-01 
    6    -3.2620E-01 
    7    -2.9304E-01 
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    8    -2.6261E-01 
    9    -2.2898E-01 
   10    -1.9579E-01 
   11    -1.5419E-01 
   12    -1.1765E-01 
   13    -8.6913E-02 
   14    -2.2098E-03 
   15    -3.5128E-04 
   16    -1.9397E-03 
   17    -4.1427E-05 
   18    -4.7182E-04 
   19    -4.0490E-04 
   20    -2.4808E-05 

1                            ***** END OF OUTPUT *****
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2.81 Freeform Optimization on DOMAIN Perturbations 
(DVGRIDC) using Grid Fraction and Axisymmetry 
Constraints 

Example ID:
D081

Design Data Used:
DVAR, DSHAPE(GRIDFR, SYM), DOMAIN, DVGRIDC, DOBJ, DRESP1

Special Features Used:
SYM and GRIDFR options in DSHAPE data entry to enforce mirror symmetry and also con-
straint the movement of the grids. 

Problem Statement:
A plate structure is subject to a torsional loading. The front corners of the plate are fixed and tor-
sional loads are applied on the back corners. The structure is designed to be as stiff as possible for 
the applied loading

Design Problem: 
Find the shape of the plate that minimizes the strain energy by moving upto 60% of the designable 
grids and ensuring the final shape is axisymmetric along the center z-axis. 

Problem Description:
1. A plate modeled using CQUAD4 elements.  
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2. Three torsional loadcases. 
3. A mesh of 6x12 DOMAIN elments is used. 
4. 5x11 domain perturbations (DVGRIDC) referencing one initial design variable are 

applied to the domains. Note: The provided DSHAPE data and the symmetry 
conditions will casuse GENESIS to split the perturbations and associated them to 
15 design variables.

Results:
The following figure shows the final freeform optimized shape. In the figure, red represents the 
highest possible movements and blue the lowest.

Figure 2-30Final Solution
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2.81.1 Input Data
The input data is quite large so only portions of it is given here. This input 
data is named D081.dat and is provide with the installation CD.
ID D081
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 11.0 (r616)
$ Exported on 2009-08-28 14:14
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = BEAD PATTERN OPTIMIZATION USING FREEFORM
SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
SHAPE = POST
ECHOOFF
$ DOMAIN GRID SET
SET      351=    6340,    6547,    6548,    6567,    6746,    6747,    6766,
                 6767,    6774,    6775,    7138,    7140,    7177,    7178,
                 7179,    7197,    7198,    7206,    7207
$ DOMAIN GRID SET
SET      352=    6545,    6546,    6565,    6566,    6745,    6765,    7134,
                 7136,    7174,    7175,    7176,    7196,    7198,    7199,
                 7207,    7208

----- Some DOMAIN GRID SET definitions are deleted to reduce space -----

$ DOMAIN GRID SET
SET      420=    6344,    6345,    6364,    6365,    6571,    6572,    6591,
                 6592,    6780,    6782,    6783,    6785,    6820,    6821,
                 6822,    6823,    7262,    7263,    7272
$ DOMAIN GRID SET
SET      421=    6342,    6343,    6362,    6363,    6570,    6590,    6778,
                 6779,    6781,    6817,    6818,    6819,    7263,    7264,
                 7272,    7273
$ DOMAIN GRID SET
SET      422=    6337,    6341,    6360,    6361,    6568,    6569,    6588,
                 6589,    6768,    6769,    6776,    6777,    6813,    6814,
                 6815,    6816,    7264,    7265,    7273
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ECHOON
$
$ Loadcase definitions
$
SUBCASE 22
   LABEL = Torsion
   SPC = 201
   LOAD = 202
BEGIN BULK
$
$ Parameters
$
DOPT          15
+           OPTM       1
+        SHAPECN       2
+       SHAPEGL 3       
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$HMNAME DVAR        1 "Shape1"
DVAR           1  Shape1     0.0     0.01.000000                
$HMNAME DOMAIN      351 "Domain 341"
DOMAIN       351      23
+       QUAD4       6340    7198    7207    7206
+       GSET         351
+       DVAR           1
$HMNAME DOMAIN      352 "Domain 341"
DOMAIN       352      23
+       QUAD4       7198    7199    7208    7207
+       GSET         352
+       DVAR           1
$HMNAME DOMAIN      353 "Domain 341"
DOMAIN       353      23
+       QUAD4       7199    6563    7209    7208
+       GSET         353
+       DVAR           1

------ Some DOMAIN definitions are deleted to reduce space -----

$HMNAME DOMAIN      420 "Domain 341"
DOMAIN       420      23
+       QUAD4       7262    7263    7272    6345
+       GSET         420
+       DVAR           1
$HMNAME DOMAIN      421 "Domain 341"
DOMAIN       421      23
+       QUAD4       7263    7264    7273    7272
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+       GSET         421
+       DVAR           1
$HMNAME DOMAIN      422 "Domain 341"
DOMAIN       422      23
+       QUAD4       7264    7265    6337    7273
+       GSET         422
+       DVAR           1
$HMNAME SHAPE        1 "Perturbations"
DSHAPE         1rbations    FREE DVGRIDC        1.000000        
+       SYM            3      CZ                       0        
+       GRIDFR  .6000000                
DVGRIDC        1    6449        2.000000     0.0     0.01.000000       0
DVGRIDC        1    6454        2.000000     0.0     0.01.000000       0
DVGRIDC        1    6459        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7207        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7208        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7209        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7210        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7211        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7212        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7213        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7214        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7215        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7216        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7217        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7220        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7221        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7222        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7223        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7224        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7225        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7226        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7227        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7228        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7229        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7230        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7232        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7233        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7234        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7235        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7236        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7237        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7238        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7239        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7241        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7242        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7243        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7244        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7245        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7246        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7247        2.000000     0.0     0.01.000000       0
1536 Design Examples Manual November 2009 GENESIS



DVGRIDC        1    7248        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7249        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7250        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7251        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7254        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7255        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7256        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7257        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7258        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7259        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7260        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7261        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7262        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7263        2.000000     0.0     0.01.000000       0
DVGRIDC        1    7264        2.000000     0.0     0.01.000000       0
DOBJ           1inEnergy      22        
$HMNAME RESP        1 "StrainEnergy"
DRESP1         1inEnergy SENERGY                        
$
$ Property definitions
$
$HMCOLOR COMP       22       1
PSHELL        22       11.000000       1               1        
$HMNAME COMP       23 "unnamed"
$HMCOLOR COMP       23       2
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           1207000.0        .30000007.8000-9     0.0     0.0     0.0
$
$ Load definitions
$
$HMNAME LOADCOL      202 "Load Set 202"
FORCE        202    6338        100.0000     0.0     0.0-1.00000
FORCE        202    6340        100.0000     0.0     0.01.000000
$
$ Boundary Condition definitions
$
$HMNAME GCSET      201 "SPC Set 201"
SPC          201    6339  123456     0.0
SPC          201    6337  123456     0.0
$
$ Coordinate systems
$
$HMNAME SYSTCOL        3 "Center Coord Sys"
CORD2R         3        60.0000010.00000     0.060.0000010.0000010.00000
+       70.0000010.00000     0.0
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2.81.2 Output
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2009           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 11.0

                             BUILD CODE r322/r21     BETA

     PROJECT NAME: D081
     RUN STARTED:  Sep  3, 2009 14:14
     SYSTEM TYPE:  Windows XP x86 1-CPU
     LENVEC:             127875000
     IOBUFF:               64,256K
     THREADS:                    1

     LICENSED TO: VR&D                                                        

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    1
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 BEAD PATTERN OPTIMIZATION USING FREEFORM                              
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID D081
 $----------------------------------------------------------------------$
 $ Data written by Design Studio for Genesis 11.0 (r616)
 $ Exported on 2009-08-28 14:14
 $----------------------------------------------------------------------$
 $
 $ Executive Control
 $
 POST = PUNCH
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 TITLE = BEAD PATTERN OPTIMIZATION USING FREEFORM    
 SUBTITLE = STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 SHAPE = POST
 ECHOOFF
 $
 $ Loadcase definitions
 $
 SUBCASE 22
    LABEL = Torsion
    SPC = 201
    LOAD = 202
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    2
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 $
 $ Parameters
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 $
 DOPT    15                                                                      
 +       OPTM    1                                                               
 +       SHAPECN 2                                                               
 +       SHAPEGL 3                                                               
 ENDDATA

     WARNING MESSAGE FROM SUBROUTINE "GN16UP".
     WARNING CODE = 160023
     SHAPE DESIGN VARIABLE NUMBER        1 IS NOT ZERO.
     THIS WILL LEAD TO AN INITIAL DESIGN THAT IS DIFFERENT
     THAN WHAT IS SPECIFIED IN THE GRID INPUT DATA.

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    3
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    937
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        800
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       800
                   NUMBER OF ELEMENT PROPERTIES:               1
                   NUMBER OF MATERIALS:                        1
                   NUMBER OF DEGREES OF FREEDOM:            5154

                           OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:       MINIMIZE     inEnergy
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:      15
                  TOTAL NUMBER OF DESIGN VARIABLES:            15
                  NUMBER OF SHAPE DESIGN VARIABLES:            15
                  NUMBER OF DIRECT RESPONSES:                   1
                  NUMBER OF SYNTHETIC RESPONSES:                1
                  NUMBER OF POTENTIAL CONSTRAINTS:              2
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                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    4
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    5
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.243074E-06
                    SYSTEM VOLUME            8.003941E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    6
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.000E+01  1.852E-01  8.000E+02  3.704E+00  7.409E+00  1.482E+02

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    7
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       22 ; RESIDUAL : -2.186984E-12 ; STRAIN ENERGY :  1.462839E+02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    8
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      22  0.0000E+00  0.0000E+00  0.0000E+00  2.0000E+03  0.0000E+00  0.0000E+00
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1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE    9
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      22  1.6646E-11  3.9957E-11  7.9376E-10 -2.0000E+03 -5.7192E-08  2.9659E-09
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   10
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6338     1.0000E+02  0.0000E+00  0.0000E+00 -1.0000E+02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   11
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6337     1.0534E+02  5.5228E-03  3.2143E-06  1.0534E+02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   12
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6338     1.4629E+00 -2.6377E-04  1.7322E-02 -1.4628E+00
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   13
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   14
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                
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                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       rbations         2          ASAVG1        0        1         3.633584E-02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE   15
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.462839E+02

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Shape1      0.000000E+00    4.019578E-02    1.000000E+00

----- Portions of this file have been deleted to reduce space -----

               ****************************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  182
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.784460E-06
                    SYSTEM VOLUME            8.698026E+02
                    SYSTEM MASS/VOLUME       7.800000E-09
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  183
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    E N C L O S I N G   B O X    S U M M A R Y
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    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.000E+01  2.000E+01  2.000E+00  8.000E+02  4.000E+01  8.000E+01  1.600E+03

1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  184
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                       S O L U T I O N   R E S I D U A L S

 LOADCASE       22 ; RESIDUAL : -5.886076E-13 ; STRAIN ENERGY :  8.201442E+01
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  185
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      22  0.0000E+00  0.0000E+00  0.0000E+00  2.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  186
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

      22 -8.1894E-12  2.9436E-10 -4.7645E-10 -2.0000E+03  3.0570E-08  1.9521E-08
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  187
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6338     1.0000E+02  0.0000E+00  0.0000E+00 -1.0000E+02
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  188
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6339     1.0714E+02 -1.7254E-01  8.0100E-03 -1.0714E+02
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1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  189
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                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

      22     6338     8.2782E-01 -8.7819E-04  1.1218E-01 -8.2018E-01
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  190
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

               ********************************************
               *  D E S I G N  C Y C L E     14 (ANALYSIS)*
               ********************************************
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                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       rbations         2          ASAVG1        0        1         4.763902E-01
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               ********************************************
               *  D E S I G N  C Y C L E     14 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  8.201442E+01

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Shape1      0.000000E+00    0.000000E+00    1.000000E+00
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  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    rbations         2                  4.763902E-01  UB   6.050000E-01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.463E-01 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.4628E+02         0.0%
    1     1.4259E+02         0.0%
    2     1.3710E+02         0.0%
    3     1.2468E+02         0.0%
    4     9.9350E+01         0.0%
    5     8.4371E+01         0.0%
    6     8.5157E+01         0.0%
    7     8.3983E+01         0.0%
    8     8.3526E+01         0.0%
    9     8.3467E+01         0.0%
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   10     8.2799E+01         0.0%
   11     8.2409E+01         0.0%
   12     8.1987E+01         0.0%
   13     8.1902E+01         0.0%
   14     8.2014E+01         0.0%
1GENESIS   VERSION 11.0                   DATE 09-03-2009  TIME 14:14  PAGE  196
 BEAD PATTERN OPTIMIZATION USING FREEFORM                                
 STRAIN ENERGY MINIMIZATION TO INCREASE OVERALL STIFFNESS                

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
           Shape1

    0     4.0196E-02 
    1     0.0000E+00*
    2     0.0000E+00*
    3     0.0000E+00*
    4     0.0000E+00*
    5     0.0000E+00*
    6     0.0000E+00*
    7     0.0000E+00*
    8     0.0000E+00*
    9     0.0000E+00*
   10     0.0000E+00*
   11     0.0000E+00*
   12     0.0000E+00*
   13     0.0000E+00*
   14     0.0000E+00*

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        160023            1  

     (*) ONLY THE FIRST  10 WARNING MESSAGES FOR EACH WARNING
         CODE WERE PRINTED. TO PRINT ALL WARNING MESSAGES,
         USE DIAG=111.

 ***** THERE WERE       15 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
GENESIS November 2009 Design Examples Manual 1547



1548 Design Examples Manual November 2009 GENESIS



P3⁄STRUCTURAL OPTIMIZATION (Vol. II)

CHAPTER 3
Design Examples: Femb

o Plate With a Hole Using the PC Version of Femb





Design Examples: Femb
3.1 Plate With a Hole Using the PC Version of Femb
In this example, you will create a GENESIS Shape design model using Femb. You will start with 
an empty FEMB database and go through the following general steps:

1. Create line geometry to define a symmetric, quarter of the plate.
2. Create material and element properties.
3. Use Femb to automesh the plate.
4. Define unbalanced, bi-axial tensile loads.
5. Define symmetric boundary conditions.
6. Create a shape domain and define perturbations to automatically create basis 

vectors for shape optimization of the hole.
7. Define responses for the structure’s mass (objective function) and von Mises 

stresses (constraints).
8. Run the optimization problem.
9. Post-process the optimization results by animating the perturbation vectors and 

animating the stress and deformation results.

3.1.1 Problem Statment
This problem is identical to Example 2.30 from Volume IV of the GENESIS Users manual, though 
slightly different results are obtained due to the differences in the meshes between the two prob-
lems.
Find the minimum mass of a plate subject to stress constraints by finding the optimal shape of a 
hole in the center of the plate.

3.1.2 Creating the Analysis Model
Start Femb by pressing the Start button and selecting Femb.
You need to create a new FEMB database. You will name it PLATE.
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In the File name edit box, enter PLATE.

Create the geometry
Create a part for the geometry that defines the model.

Select Part

Select Create Part

Enter GEOM in the pop-up window

The first step in creating the geometry is to outline the quarter plate.

Select Geom

Select Generate Lines
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Click the right mouse button to bring up the pop-up menu and select Key In XYZ

Enter 0,0,0

Press Accept

Continue this process by keying in the following points in sequence:

10,0,0

10,10,0

0,10,0

0,0,0
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Press Cancel/End

Click the right mouse button to pop-up the menu

Select End Select

Notice that the line you just created is in the lower left corner of the graphics display win-
dow. You should press the fill button to center and enlarge the square image.
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Your screen should look like the following image

Split the single line with four segments you just created defining the quarter plate into four indi-
vidual lines.

Select Geom

Select Split Line

Pick the line from 0,0,0 to 10,0,0. (Notice that the entire square changes color to white.)

Point pick the point at 10,0,0.

Pick the line from 10,0,0 to 10,10,0.

Point pick the point at 10,10,0.

Pick the line from 10,10,0 to 0,10,0

Point pick the point at 0,10,0

Click the right mouse button to activate the pop-up window.
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Select End Select

Now create a diagonal symmetry line. This line will be used when you use automeshing to create 
the elements.

Select Geom

Select Generate Lines

Click the right mouse button to bring up the pop-up menu and select Key In XYZ

Enter 0,0,0

Select Accept

End this line at the diagonal corner.

Enter 10,10,0

Select Accept.
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Select Cancel/End

Click the right mouse button to activate the pop-up window.

Select End Select

The last geometry entity you need to create is the hole in the center. Remember that this model is 
a symmetric quarter of the plate, so the hole will be a 90 degree arc, with a radius of 2.

Select Geom

Select Generate Arc
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Select Generate Arc About a Center

Femb now prompts you to define a coordinate system that it will use to generate the arc. Generat-
ing the arc about the lower left vertex (point 0,0,0) lets you use the global coordinate system to 
define the arc.

Click the right mouse button to activate the pop-up window.

Select Global System

Femb now asks you to confirm the selected coordinate system.
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Select Yes.

You need to define the arc by providing the arc radius, the starting angle about the Z-axis (X-Z 
plane defines the origin), the ending angle, and the increment angle used to define each segment 
of the arc.

Enter 2,0,90,15
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Your display should look like the following picture:

The last remaining task to perform on the geometry definition is to remove the line segments in 
the hole. To do this, you will split each line that goes to the point 0,0,0 by intersecting them with 
the quarter arc.
Select Geom
Select Split Line
Pick the line from 0,0,0 to 10,0,0.
Click the right mouse button to activate the pop-up menu.
Select Point of intersection by line 2

Pick the arc.
Notice that the point (2,0,0) where the line from 0,0,0 to 10,0,0 is split is now indicated.
Select the diagonal line from 0,0,0 to 10,10,0.
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Click the right mouse button to activate the pop-up menu.
Select Point of intersection by line 2
Pick the arc.
Select the line from 0,0,0 to 0,10,0
Click the right mouse button to activate the pop-up menu.
Select Point of intersection by line 2
Pick the arc.
Click the right mouse button to activate the pop-up window.
Select End Select

Now you will delete the lines that are in the hole.
Select Geom
Select Delete Line(s)
Pick each of the three lines in the hole. (0,0,0 to 0,2,0; 0,0,0 to 1.414,1.414,0; 0,0,0 to 2,0,0)
Click the right mouse button to activate the pop-up window.
Select End Select
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The three lines should have disappeared and your display should look like the following picture:

Now is a good time to save the FEMB database. 
Select File
Select Save
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Create the Elements and Properties
Creating a new part for the elements provides you with flexibility when creating large, complex 
models; therefore, the next step is to create a new part in which you will define the FE model.
Select Part
Select Create Part
Enter PLATE1

Create a material property for this part.
Select Matl
Select Create a Material
Enter MAT1
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Change Young’s Modulus to 29e6 by clicking on the row labeled Young’s Modulus. In the edit 
box enter 29e6 and press the Enter key.

Change Poisson’s ratio to 0.208 by clicking on the row labeled Poisson’s Ratio. In the edit box 
enter 0.208 and press the Enter key.
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Change the Mass Density to 0.283 by clicking on the row labeled Mass Density. In the edit box 
enter 0.283 and press the Enter key.

Select Accept
Femb now asks you if you want to assign the material property to a part.
Select Yes

Click the right mouse button to activate the pop-up window.
Select Select By Name
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Select PLATE1 and Select the Add button

Select Close
The Message Display window will say, “MATERIAL MAT1 ASSIGNED TO PART PLATE1.”
Create a new element property.
Select Prop
Select Create Property
Enter P100

Select PLATE
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Change the thickness to 0.15 by selecting THICKNESS, entering 0.15 in the edit box, and press-
ing the Enter key.

Femb now asks you if you want to assign the new element property to a part.
Select Yes

Click the right mouse button to activate the pop-up window.
Select Select By Name
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Select PLATE1 and Select the Add button

Select Close
The Message Display window will say, “ELEMENT PROPERTY P100 ASSIGNED TO PART 
PLATE1.”
The next step is to create a mesh, but before you do this using the automeshing capabilities of 
Femb, you should check the meshing parameters that are set.
Select Elem
Select Mesh Options
Select Element Type
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Verify that automesh will generate quadrilateral elements.

You will need smaller elements in the vicinity of the hole, so you need to set the mesh control 
parameters to achieve this.
Select Elem
Select Mesh Options
Select Mesh Control

Select Edge Bias
GENESIS November 2009 Design Examples Manual 1569



Design Examples: Femb
Enter 1.5 in the edit box

Generate the mesh in the lower triangle.
Select Elem
Select Plate/Solid Mesh
Select 4-line Mesh

You must now identify four lines that bound the mesh region.
Pick the arc.
Pick the line from 2,0,0 to 10,0,0
Pick the line from 10,0,0 to 10,10,0
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Pick the line from 10,10,0 to 1.414,1.414,0
Define the number of subdivisions along each line.
Enter 3 5 3 5

Now you need to indicate which line is the biased edge.
Pick the arc.
Accept the generated mesh.
Your model should look like the following picture:

Perform the same sequence of operations to mesh the upper triangle.
Pick the arc.
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Pick the line from 0,2,0 to 0,10,0
Pick the line from 0,10,0 to 10,10,0
Pick the line from 10,10,0 to 1.414,1.414,0
Define the number of subdivisions along each line.
Enter 3 5 3 5
Now you need to indicate which line is the biased edge.
Pick the arc.
Accept the generated mesh.
Your model should look like the following picture:

Click the right mouse button to activate the pop-up window.
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Select End Select

Before you create loads and boundary conditions, it is good practice to merge coincident nodes 
and delete unused nodes in the FE model.
Select Node
Select Check for Coincident Nodes
Enter 0.01

Select ALL

Femb finds 6 coincident nodes as indicated in the Message Display window. They are highlighted 
on the model and occur along the diagonal symmetry line. Merge them.
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Select Yes

Next you should delete all unreferenced nodes. 
Select Node
Select Delete Unreferenced Nodes
Select All Unreferenced Nodes

Femb locates 6 unreferenced nodes that it deletes. (see the Message Display window.)
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Create the Boundary Conditions and Loads
Select B.C.
Select SPC Options
Select Create New SPC Set

Enter 200
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Select YZ SYMMETRY

Point Pick all the nodes on the edge from 0,2,0 to 0,10,0

Click the right mouse button to activate the pop-up window.
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Select End Select

Select XZ SYMMETRY

Point Pick all the nodes on the edge from 0,2,0 to 0,10,0
Click the right mouse button to activate the pop-up window.
Select End Select
Select Cancel/End
Select B.C.
Select Loading Options
GENESIS November 2009 Design Examples Manual 1577



Design Examples: Femb
Select Create New Load Set

Enter 1

You will now apply the loads to the nodes. 
Enter 1250

Point pick the node at 10,0,0.
Press the right mouse button, and select End Select.
You will see an arrow representing the x-direction load you just applied to that node.
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Enter 2500

Now point pick the two nodes at 10,3.3333,0 and 10,6.6667,0 along the right face.
Press the right mouse button, and select End Select.
Enter 1250,625
Point pick the node at 10,10,0
Press the right mouse button, and select End Select.
Enter 0,1250
Point pick the nodes at 6.6667,10,0 and 3.3333,10,0 along the top.
Press the right mouse button, and select End Select.
Enter 0,625
Point pick the node at 0,10,0
Press the right mouse button, and select End Select.
Press Cancel/End to stop entering nodal loads.
Press Cancel/End again since you don’t want any pressure loads.
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Your display should look like the following picture:

Now create a subcase for the loads and boundary conditions.
Select B.C.
Select Subcase
Select Create Subcase
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Enter 1

Enter UNBALANCED BIAXIAL TENSION

Select 200
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Select 1

Select DISPLACEMENT

Select POSTPROCESSING FILE
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Select ALL NODES

Select ELEMENT STRESS

Select POSTPROCESSING FILE
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Select ALL ELEMENTS

Select Cancel/End

Now is a good time to save the FEMB database. 
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3.1.3 Creating the Design Model
The next step is to create design data. You will create a domain and then define three shape design 
variables. You will define three perturbations on the domain. One will represent a circular change 
in the hole diameter. One will represent an elliptical shaped hole, and the last will represent a dia-
mond shaped hole.

Create Domains
Select Design
Select Domains
Select Create

Enter 1
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Select QUAD4

You now need to define the QUAD4 domain by point picking 4 nodes.
Point pick the nodes 0,10,0; 0,2,0; 2,0,0; and 10,0,0
Femb outlines the QUAD4 domain.
Select Create

You now need to point pick the nodes that will define the perturbation to the domain.
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Point pick all the nodes along the exterior of the domain, including all the nodes along the arc. 

When you are finished, press the right mouse button and select End Select.
Select Cancel/End
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Create Design Variable to Grid Relationships
Create a perturbation on the region, and define a design variable associated with each basis vector.
Select Design
Select Shape
Select Create DVGRIDC

Enter 1

Enter shape1 (label)
Enter 0 (initial value)
Enter -100 (lower bound)
Enter 100 (upper bound)

Define the perturbation that GENESIS will use to create the first basis vector associated with a 
uniform radius change. You will identify nodes where the perturbation will be applied and then 
define a vector at that node.
Point pick the node at 0,2,0
Again, point pick the node at 0,2,0
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Point pick the node at 0,10,0
Enter 0.1

In a similar manner you will define two more vectors to complete this perturbation.
Point pick the node at 1.414,1.414,0
Again, point pick the node at 1.414,1.414,0
Point pick the node at 10,10,0
Enter 0.1
Point pick the node at 2,0,0
Again, point pick the node at 2,0,0
Point pick the node at 10,0,0
Enter 0.1
Press the right mouse button and select End Select.
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Your display should look like the following picture:

Press the right mouse button, select Model Orientation
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Select Redraw

This will refresh the screen and remove the vectors and domain outline, so you can see the next 
perturbation vectors.
Select Design
Select Shape
Select Create DVGRIDC
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Select Create

Enter 2

Enter shape2 (label)
Enter 0 (initial value)
Enter -100 (lower bound)
Enter 100 (upper bound)
1592 Design Examples Manual November 2009 GENESIS



Design Examples: Femb
Define the perturbation that GENESIS will use to create the second basis vector associated with 
an ellipse.
Point pick the node at 0,2,0
Again, point pick the node at 0,2,0
Point pick the node at 0,10,0
Enter 0.3
Point pick the node at 1.414,1.414,0
Point pick the node at 0,2,0
Point pick the node at 0,10,0
Enter 0.15
Press the right mouse button and select End Select.
You have just defined the two perturbation vectors shown below.

Select Design
Select Shape
Select Create DVGRIDC
Select Create
Enter 3
Enter shape3 (label)
Enter 0 (initial value)
Enter -100 (lower bound)
Enter 100 (upper bound)
Define the last perturbation that GENESIS will use to create the third basis vector associated with 
a diamond shaped hole.
Point pick the node at 1.414,1.414,0
Point pick the node at 10,10,0
Point pick the node at 1.414,1.414,0
Enter 0.1
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Press the right mouse button and select End Select.
This completes the definition of the design variables and perturbations. Next you need to define 
the responses to be used as the objective function and constraints.
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Create Responses
Select Design
Select Responses
Select Create DRESP1/DRESPG

Enter 1

Select MASS
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Select ENTIRE MODEL

Enter OBJ

Enter 90
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Select ELEMENT STRESS

Select BY PROPERTY

Press the right mouse button to access the pop-up menu and select By Property Name.
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Select P100

Notice that the entire model changes color to white, showing you what elements have been 
assigned this response.
Press the right mouse button to access the pop-up menu and select End Select.
Select VON MISES (BOTTOM)

Enter VMBOT
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Select Cancel/End

Define the Objective Function and Constraints
Select Design
Select Objective

Select OBJ  1
Enter 0 (loadcase)
Enter mass (label)
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Select Done

Select Design
Select Constraints
Select Create/Edit

Select VMBOT 90
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Enter 10000. for the upper bound

Select Cancel/End

Now is a good time to save the FEMB database before you create a GENESIS data file.
After saving the FEMB database, you need to create a GENESIS input file. 
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Save as a GENESIS File
Select File
Select Save As
The Save File dialog box will pop up. 
Enter PLATE.DAT in the File name edit box

Select YES

Select OPTIMIZATION
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Select SINGLE FIELD

Select YES

Enter 30 QUAD4 QUARTER PLATE WITH A HOLE

Femb proceeds to create a GENESIS input file. In the Message Display window, each step of this 
process is recorded. Once Femb is finished, you should minimize the Femb application. 
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3.1.4 Modify GENESIS Data
You now need to modify the the GENESIS input file. The first step is to turn on mesh smoothing 
to relieve mesh distortion due to shape optimization. 
Before the CEND record add the following: 
DIAG=903
By default, GENESIS will only smooth the mesh if greater than 3% of the elements are distorted. 
For coarse meshes (like this problem), the above line forces mesh smoothing for all elements. 
After the BEGIN BULK record, add the following: 
PARAM,MSMOOTH,ON
This enables automatic mesh smoothing in GENESIS. 
Next you should increase the default variable move limits to speed convergence. You also need to 
increase the DVGRIDC tolerance for selecting mid-side nodes since the mid-point of the arc used 
in defining DVGRIDC data is beyond the default tolerance. To do this, locate the DOPT record 
and add the following in fields 14 through 19 (i. e., after the BASIS  0 entries): 
DELX      3.   DXMIN     20.  DVGTOL   0.22
If you neglect to set DVGTOL, GENESIS will issue an error message along with an appropriate 
value of DVGTOL to use. 
Because move limits are large, dramatic changes may take place during each design cycle. Ele-
ments may become highly stresses during these dramatic changes; therefore, you should retain 
more stress constraints. Place the following record below the DOPT record you just modified: 
DSCREEN STRESS  -.9
This causes GENESIS to retain all stress constraints that are within 90% of critical.
Locate the PSHELL record to delete the 1 from field 7 because this problem does not use trans-
verse shear deformations. 
Save the GENESIS data file. 
Note:  In most problems, the default DOPT parameters work fine and they do not have to be 
changed.  The same is true for the default values of DSCREEN data.
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3.1.5 Run GENESIS
Double click on the GENESIS icon in the program window. Then key on the input file 
PLATE.DAT and execute the program.
After GENESIS has finished, maximize the Femb application. 

3.1.6 Examine the Perturbations
When using domains and DVGRIDC, you should check the perturbations that you have applied to 
the mesh. You do not need to run the optimization to do this. You can run GENESIS in CHECK 
mode. GENESIS will create the .dvg file necessary to view the perturbations. In this instance we 
ran the optimization and the .dvg file is created. 
Select File
Select Open
In the File of type pull down menu, select GENESIS Punch (*.dvg, *.pst) 
Select Plat.DVG and press the Open button

Select Post
Select Animate
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Select Deformation

Each of the perturbations is shown as a mode. Mode 1 refers to the uniform radius change. Mode 
2 refers to the ellipical shape, and mode 3 is the diamond shape. 
Select Mode 1

Select Dynamic
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Enter 9

You will see the mesh animate, showing the perturbation. 
You can do the same for modes 2 and 3. 

3.1.7 Post-Processing

Examine the Stress and Shape
In the File of type pull down menu, select Genesis Animation (*.opt) 
Select Plat.OPT and press the Open button. 
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Enter 0

Select Plate element stress

Since you just animated the perturbations, Femb created a .pp file. You can overwrite it. 
Select Yes

Select Post
Select Animate
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Select Contour

Select All Available Steps

Select von Mises B
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You should see the the image animate. The fifth step (last design cycle) looks like the following 
picture: 

This concludes this example problem.
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4.1 Test of Michell Truss Topology

Example ID:
T001

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1T004

Special Features Used:
NONE

Problem Statement:
The Michell truss problem is commonly used to verify topology design algorithms. The figure 
shows the entire design domain including the circular non-designable region, whose perimeter is 
completely fixed. This problem was solved with all default parameters (except maximum number 
of iterations) using a 20% mass fraction constraint.   

Design Problem: 
Minimize strain energy. Subject to 20% mass constraint. 

1. The designable domain was discretized with 7588 CQUAD4 elements. 
2. The non-designable region’s mesh was simply eliminated. 
3. A point load was applied to produce bending. 
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Results:
The solution shown in the figure appears to be a truss-like structure and is similar to the theortical 
solution. 

The figure below is the theoretical Michell truss solution.
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4.1.1 Input Data

ID T001
CEND
TITLE=TEST OF MITCHELL TRUSS TOPOLOGY
ECHO = NONE
LINE = *,80
TIMES=SCREEN
LOADCASE        1
   LABEL=Y LOADING
   SPC    =       1
   LOAD   =       1
BEGIN BULK
$
$  --- DESIGN DATA ---
$
TPROP   1       3       POWER   0.20
TRESP1  1       obj     SENERGY
TOBJ    1       senergy
TRESP1  2       mass    MASSFR  PROP                    3
TCONS   2                       0.20
$
$  --- ANALYSIS DATA ---
$
INCLUDE = T001.blk
$
ENDDATA

The INCLUDE file is quite large and is contained on the example directory of the distribution 
media.
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4.1.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE    1
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

PROJECT NAME: T001                

                            ANALYSIS PROBLEM SUMMARY
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                  NUMBER OF GRID POINTS:                   7858
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:       7588
                  TOTAL NUMBER OF NON RIGID ELEMENTS:      7588
                  NUMBER OF ELEMENT PROPERTIES:            7589
                  NUMBER OF MATERIALS:                     7589
                  NUMBER OF DEGREES OF FREEDOM:           46188

                     TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:    7588
                 NUMBER OF DESIGNABLE ELEMENTS:                7588
                 NUMBER OF TOPOLOGY RESPONSES:                    2
                 NUMBER OF TOPOLOGY CONSTRAINTS:                  2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   86
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     21 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   87
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -2.039639E-13 ; STRAIN ENERGY :  1.021968E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   88
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

              ********************************************
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              *  D E S I G N  C Y C L E     21 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.021968E+02

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   89
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   MASS             3 PROP             1.994006E-01  UB   2.000000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   90
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 2.917E-02 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:26  PAGE   91
TEST OF MITCHELL TRUSS TOPOLOGY                                         
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     2.9167E+03         0.0%
   1     8.5211E+02         0.0%
   2     6.7367E+02         0.0%
   3     3.3816E+02         0.0%
   4     1.8800E+02         0.0%
   5     1.2877E+02         0.0%
   6     1.1636E+02         0.0%
   7     1.0922E+02         0.0%
   8     1.0661E+02         0.0%
   9     1.0516E+02         0.0%
  10     1.0435E+02         0.0%
  11     1.0376E+02         0.0%
  12     1.0336E+02         0.0%
  13     1.0308E+02         0.0%
  14     1.0284E+02         0.0%
  15     1.0275E+02         0.0%
  16     1.0248E+02         0.0%
  17     1.0235E+02         0.0%
  18     1.0224E+02         0.0%
  19     1.0221E+02         0.0%
  20     1.0220E+02         0.0%
  21     1.0220E+02         0.0%

                            ***** END OF OUTPUT *****
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4.2 Short Cantilever Beam

Example ID:
T002

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1, TSYM2

Special Features Used:
To demonstrate the symmetry enforcement method, TSYM2 was used in this example, where the 
structure was required to be symmetric about the x-axis.

Problem Statement:
The designable domain, boundary, and loading conditions are shown in the figure. The optimum 
topology design problem for this example problem is commonly solved with continuum elements. 
In this example, however, the entire designable domain was discretized with CBAR elements as 
shown in the figure.   

Design Problem: 
Minimize strain energy. Subject to 20% fractional mass constraint. 

Problem Description:
1. The designable domain was discretized with 1235 CBAR elements. 
2. Due to the symmetry plane, the number of the independent design variables is 

reduced to 628. 
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Results:
The solution obtained is very similar to the continuum element based topology design solutions 
published in the literature. 
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4.2.1 Input Data

ID T002
CEND
TITLE=SHORT CANTILEVER BEAM
ECHO = NONE
LINE = *,80
LOADCASE        1
   LABEL=BEAM DESIGN
   SPC    =       1
   LOAD   =       1
BEGIN BULK
$
$  --- DESIGN DATA ---
$
TPROP          1       2POWER   .2000000                        10
+
TRESP1        10SE      SENERGY
TRESP1        20MASS_C  MASSFR  
TCONS         20                .2000000
TOBJ          10                MIN
TSYM2         10             0.0     7.5     0.0    20.0     7.5     0.0
+           10.0     7.5    10.0
+           MXZ
$
$  --- ANALYSIS DATA ---
$
INCLUDE = T002.blk
$
ENDDATA

The INCLUDE file is quite large and is contained on the example directory of the distribution 
media.
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4.2.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE    1
SHORT CANTILEVER BEAM                                                   
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PROJECT NAME: T002                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    336
                  NUMBER OF CBAR ELEMENTS:                 1235
                  TOTAL NUMBER OF NON RIGID ELEMENTS:      1235
                  NUMBER OF ELEMENT PROPERTIES:            1236
                  NUMBER OF MATERIALS:                     1236
                  NUMBER OF DEGREES OF FREEDOM:             960

                     TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     628
                 NUMBER OF DESIGNABLE ELEMENTS:                1235
                 NUMBER OF TOPOLOGY RESPONSES:                    2
                 NUMBER OF TOPOLOGY CONSTRAINTS:                  2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   74
SHORT CANTILEVER BEAM                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     18 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   75
SHORT CANTILEVER BEAM                                                   
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL : -7.505794E-14 ; STRAIN ENERGY :  3.483935E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   76
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SHORT CANTILEVER BEAM                                                   
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     18 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.483935E-03

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   77
SHORT CANTILEVER BEAM                                                   
                                                                        

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   MASS             0  SYS             1.994008E-01  UB   2.000000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   78
SHORT CANTILEVER BEAM                                                   
                                                                        

                      ***********************************
                      * H A R D   C O N V E R G E N C E *
                      *    SMALL PROGRESS BEING MADE    *
                      ***********************************

THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
BEEN LESS THAN 1.670E-06 FOR TWO DESIGN CYCLES.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:50  PAGE   79
SHORT CANTILEVER BEAM                                                   
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D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     1.6698E-01         0.0%
   1     4.4185E-02         0.0%
   2     2.4382E-02         0.0%
   3     1.0740E-02         0.0%
   4     6.0795E-03         0.0%
   5     4.2510E-03         0.0%
   6     3.8591E-03         0.0%
   7     3.7278E-03         0.0%
   8     3.6425E-03         0.0%
   9     3.5505E-03         0.0%
  10     3.5399E-03         0.0%
  11     3.5238E-03         0.0%
  12     3.5140E-03         0.0%
  13     3.5050E-03         0.0%
  14     3.5063E-03         0.0%
  15     3.4891E-03         0.0%
  16     3.4845E-03         0.0%
  17     3.4831E-03         0.0%
  18     3.4839E-03         0.0%

                            ***** END OF OUTPUT *****
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4.3 Multi-Objective Topology Problem

Example ID:
T003

Design Data Used:
TINDEX, TCONS, TPROP, TRESP1

Special Features Used:
The multi-objective topology design problem to maximize first frequency and minimize strain 
energy to carry point load was solved using TINDEX. 

Problem Statement:
The flat plate being restrained at the four corners is designed to be as stiff as possible to carry the 
point load at middle of the plate and simultaneously to maximize the first normal frequency. Since 
a symmetric design is desirable, one quarter of original model with symmetry boundary was used. 

Design Problem: 
Minimize strain energy (first loadcase) and Maximize first frequency (second loadcase). Subject 
to 25% mass constraint. 
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Problem Description:
1. The designable domain (quarter model) was discretized with 625 CQUAD4 

elements. 
2. Point load was applied to middle point in the original plate (first load case). 
3. As a second load case, first eigen frequency was maximized. 

Results:
The solution obtained was shown in the figure as full design model. In this example, very tight 
convergence criteria was used in order to get completely discrete solution. An interpretable struc-
ture was obtained after 15 design cycles. 

Final Solution

Solution after 15 Cycles
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4.3.1 Input Data
ID T003
CEND
TITLE=MULTI-OBJECTIVE PROBLEM
ECHO = none
LINE = *,80
times=both
$set 999 = 1
LOADCASE        1
   LABEL=PLATE STIFFNER PROBLEMS (POINT LOAD)
   SPC    =       1
   LOAD   =       1
   DISP = POST
LOADCASE        2
   LABEL=PLATE STIFFNER PROBLEMS (FREQUENCY)
   SPC    =       1
   METHOD =       2
   DISP = POST
BEGIN BULK
$
$  --- DESIGN DATA ---
$
TPROP   10      2       POWER   0.25
TRESP1  100     ESE     SENERGY
TRESP1  200     MASS_C  MASSFR  PROP                    2
TRESP1  300     EIGEN   FREQ    1
TINDEX  300     2       -1.0      100   1       1.0
TCONS   200                     0.25
$
$  --- ANALYSIS DATA ---
$
INCLUDE = T003.blk
$
ENDDATA

The INCLUDE file is quite large and is contained on the example directory of the distribution 
media.
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4.3.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE    1
MULTI-OBJECTIVE PROBLEM                                                 
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PROJECT NAME: T003                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                    676
                  NUMBER OF CQUAD4->PSHELL ELEMENTS:        625
                  TOTAL NUMBER OF NON RIGID ELEMENTS:       625
                  NUMBER OF ELEMENT PROPERTIES:             626
                  NUMBER OF MATERIALS:                      626
                  NUMBER OF DEGREES OF FREEDOM:            3895

                     TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     625
                 NUMBER OF DESIGNABLE ELEMENTS:                 625
                 NUMBER OF TOPOLOGY RESPONSES:                    3
                 NUMBER OF TOPOLOGY CONSTRAINTS:                  2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 NUMBER OF FREQUENCY LOAD CASES:               1
                 TOTAL NUMBER OF LOAD CASES:                   2

              ********************************************
              *  D E S I G N  C Y C L E     50 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  253
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  1.570504E-11 ; STRAIN ENERGY :  2.942596E+07

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  254
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        
PLATE STIFFNER PROBLEMS (FREQUENCY)                          LOADCASE         2
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                          E I G E N V A L U E S

                                                    GENERALIZED   GENERALIZED
  MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       1  7.931653E+01  2.483632E+05  4.983605E+02  1.546929E-10  3.842001E-05
       2  8.310661E+01  2.726659E+05  5.221742E+02  6.040672E-12  1.647085E-06
       3  8.911065E+01  3.134866E+05  5.598987E+02  1.229448E-11  3.854154E-06
       4  1.494554E+02  8.818264E+05  9.390561E+02  4.377120E-11  3.859860E-05

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  255
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     50 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  3.359874E-01

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  256
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   MASS             2 PROP             2.492500E-01  UB   2.500000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  257
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        

                      ***********************************
                      *             WARNING             *
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                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:51  PAGE  258
MULTI-OBJECTIVE PROBLEM                                                 
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION

   0     2.0000E+00         0.0%
   1     6.0605E+00         0.0%
   2     1.1426E+00         0.0%
   3     1.4801E+00         0.0%
   4     8.2373E-01         0.0%
   5     7.6185E-01         0.0%
   6     7.3517E-01         0.0%
   7     7.0229E-01         0.0%
   8     6.9422E-01         0.0%
   9     6.4866E-01         0.0%
  10     5.4891E-01         0.0%
  11     5.5633E-01         0.0%
  12     5.0710E-01         0.0%
  13     4.7422E-01         0.0%
  14     5.0225E-01         0.0%
  15     4.5258E-01         0.0%
  16     4.3579E-01         0.0%
  17     4.1957E-01         0.0%
  18     4.0228E-01         0.0%
  19     4.0050E-01         0.0%
  20     5.3216E-01         0.0%
  21     3.7417E-01         0.0%
  22     3.6670E-01         0.0%
  23     3.6079E-01         0.0%
  24     3.8007E-01         0.0%
  25     3.5306E-01         0.0%
  26     3.5012E-01         0.0%
  27     3.4774E-01         0.0%
  28     3.4685E-01         0.0%
  29     3.4478E-01         0.0%
  30     3.4410E-01         0.0%
  31     3.4287E-01         0.0%
  32     3.4278E-01         0.0%
1634 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
  33     3.4190E-01         0.0%
  34     3.4219E-01         0.0%
  35     3.3875E-01         0.0%
  36     3.3823E-01         0.0%
  37     3.3775E-01         0.0%
  38     3.3758E-01         0.0%
  39     3.3752E-01         0.0%
  40     3.3733E-01         0.0%
  41     3.3736E-01         0.0%
  42     3.3687E-01         0.0%
  43     3.3672E-01         0.0%
  44     3.3652E-01         0.0%
  45     3.3644E-01         0.0%
  46     3.3660E-01         0.0%
  47     3.3627E-01         0.0%
  48     3.3613E-01         0.0%
  49     3.3611E-01         0.0%
  50     3.3599E-01         0.0%
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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4.4 3-D Continuum Solid Topology Example

Example ID:
T004

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1, TSYM1

Special Features Used:
To demonstrate cyclic symmetry capability, TSYM1 was used. 

Problem Statement:
The 3-D space frame structure was designed from a block of 3-D solid elements. 

Design Problem: 
Minimize strain energy. Subject to a 25% mass constraint. 

Problem Description:
1. The designable domain was discretized with 4000 CHEXA elements. 
2. The four corners of bottom of floor were fixed and concentrate load was applied on 

the middle point of the bottom floor. 
3. In order to define cyclic symmetry, TSYM1 was specified as shown in the figure.
4. Due to the cyclic symmetry, the number of independent design variables was 

reduced to 1000. 
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Results:
Although the mesh used was relatively course in this example, the solution obtained is very inter-
pretable. The solution is displayed in three different views as shown in the figures. 
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4.4.1 Input Data

ID T004
CEND
TITLE=3-D CONTINUUM SOLID TOPOLOGY EXAMPLE
ECHO = NONE
LINE = *,80
LOADCASE        1
   LABEL=3D SOLID EXAMPLE
   SPC    =       1
   LOAD   =       1
BEGIN BULK
$  --- DESIGN DATA ---
$
TPROP   10      2       POWER   0.25                            10
TRESP1  100     ESE     SENERGY
TRESP1  200     MASS_C  MASSFR  PROP                    2
TOBJ    100     ESE     1       MIN
TCONS   200                     0.25
$
TSYM1   10      4631    221     4641    4
+       CZ
$
$  --- ANALYSIS DATA ---
INCLUDE = T004.blk
ENDDATA

The INCLUDE file is quite large and is contained on the example directory of the distribution 
media.
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4.4.2 Output

            GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
           G        E       NN  N   E       S          I     S     
           G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
           G    G   E       N  NN   E            S     I          S
            GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                             COPYRIGHT, 1991-2000           

                   VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                        ALL RIGHTS RESERVED, WORLDWIDE      

                                 VERSION 6.0

                         EXPIRATION DATE: 12-30-2001

    LICENSED TO: Vanderplaats Research & Development                         

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE    1
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
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PROJECT NAME: T004                

                            ANALYSIS PROBLEM SUMMARY

                  NUMBER OF GRID POINTS:                   4851
                  NUMBER OF CHEXA ELEMENTS:                4000
                  TOTAL NUMBER OF NON RIGID ELEMENTS:      4000
                  NUMBER OF ELEMENT PROPERTIES:            4001
                  NUMBER OF MATERIALS:                     4001
                  NUMBER OF DEGREES OF FREEDOM:           14546

                     TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                 NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:    1000
                 NUMBER OF DESIGNABLE ELEMENTS:                4000
                 NUMBER OF TOPOLOGY RESPONSES:                    2
                 NUMBER OF TOPOLOGY CONSTRAINTS:                  2

                              LOAD CASES SUMMARY

                 NUMBER OF STATIC LOAD CASES:                  1
                 TOTAL NUMBER OF LOAD CASES:                   1

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  202
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
                                                                        

              ********************************************
              *  D E S I G N  C Y C L E     50 (ANALYSIS)*
              ********************************************

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  203
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
                                                                        

                  S O L U T I O N   R E S I D U A L S

LOADCASE        1 ; RESIDUAL :  2.212698E-14 ; STRAIN ENERGY :  1.748967E+07

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  204
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
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              ********************************************
              *  D E S I G N  C Y C L E     50 (DESIGN)  *
              ********************************************

 OBJECTIVE FUNCTION

      OBJECTIVE FUNCTION VALUE =  1.748967E+07

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  205
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
                                                                        

 CONSTRAINT

                        MASS,VOLUME         
  --------------------------------------------------------------------------
-
             PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
   TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
  --------------------------------------------------------------------------
-
   MASS             2 PROP             2.499295E-01  UB   2.500000E-01   A

                         BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                         BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  206
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
                                                                        

                      ***********************************
                      *             WARNING             *
                      * MAXIMUM NUMBER OF DESIGN CYCLES *
                      ***********************************

MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.

GENESIS   VERSION  6.0                   DATE 03-23-2000  TIME 17:57  PAGE  207
3-D CONTINUUM SOLID TOPOLOGY EXAMPLE                                    
                                                                        

D E S I G N   C Y C L E   H I S T O R Y

DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
 CYCLE    FUNCTION        VIOLATION
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   0     6.4728E+08         0.0%
   1     1.3574E+08         0.0%
   2     5.7213E+07         0.0%
   3     3.0755E+07         0.0%
   4     2.4188E+07         0.0%
   5     2.1635E+07         0.0%
   6     2.0239E+07         0.0%
   7     1.9215E+07         0.0%
   8     1.8591E+07         0.0%
   9     1.8197E+07         0.0%
  10     1.7955E+07         0.0%
  11     1.7723E+07         0.0%
  12     1.7630E+07         0.0%
  13     1.7642E+07         0.0%
  14     1.7600E+07         0.0%
  15     1.7590E+07         0.0%
  16     1.7575E+07         0.0%
  17     1.7564E+07         0.0%
  18     1.7552E+07         0.0%
  19     1.7545E+07         0.0%
  20     1.7541E+07         0.0%
  21     1.7540E+07         0.0%
  22     1.7539E+07         0.0%
  23     1.7539E+07         0.0%
  24     1.7539E+07         0.0%
  25     1.7539E+07         0.0%
  26     1.7540E+07         0.0%
  27     1.7503E+07         0.0%
  28     1.7539E+07         0.0%
  29     1.7521E+07         0.0%
  30     1.7503E+07         0.0%
  31     1.7527E+07         0.0%
  32     1.7515E+07         0.0%
  33     1.7503E+07         0.0%
  34     1.7487E+07         0.0%
  35     1.7508E+07         0.0%
  36     1.7498E+07         0.0%
  37     1.7487E+07         0.0%
  38     1.7501E+07         0.0%
  39     1.7494E+07         0.0%
  40     1.7487E+07         0.0%
  41     1.7496E+07         0.0%
  42     1.7492E+07         0.0%
  43     1.7487E+07         0.0%
  44     1.7493E+07         0.0%
  45     1.7490E+07         0.0%
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  46     1.7487E+07         0.0%
  47     1.7491E+07         0.0%
  48     1.7489E+07         0.0%
  49     1.7487E+07         0.0%
  50     1.7490E+07         0.0%
***** THERE WERE        1 WARNING MESSAGES *****

                            ***** END OF OUTPUT *****
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4.5 Design of Force/Displacement Inverter

Example ID:
T005

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1

Special Features Used:
DMIG 

General Description of Compliant Mechanisms and its formulation:
In typical formulation of topology optimization, it is used to find the optimal structural configura-
tion or the optimal material distribution of structural reinforcement in order to make a structure 
stiffer. For these type of problems, optimizations are formulated to minimize strain energy and/or 
to maximize the frequencies which associated with certain vibrational modes.  For design of com-
pliant mechanisms, on the other hand, objec-
tive is to find flexible structure to deform 
to prescribed direction instead of mak-
ing it stiff as possible.  There are several 
formulations are published in literatures 
and two of the most successful methods are 
discussed here. 

Figure 4.5.1 shows the designable domain, boundary and loading conditions,desirable direction of 
deformation and its location.  The design goal is to find the structural configuration to deform as 
much as possible to the specified direction given the loading condition.  The optimization sounds 
simple to maximize the displacement toward prescribed direction, but these formulation result in 
structures disconnected from the BC and/or un-interpretable local minimum solutions.  Since the 
1644 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
desirable structure must have structural members between boundary and input and output ports, 
overall structure need to have certain stiffness (but not too stiff).  Therefore, optimization problem 
must be formulated to develop structural members between the ports and boundary and to maxi-
mize displacement at output port.  
Sigmund [1] suggested (Formulation-1) to maximize the reaction force at output port which artifi-
cially restrained the desirable output direction as shown in Figure 4.5.2.  On the other hand, Nishi-
waki et al. [2] proposed (Formulation-2) to solve two loadcases, shown in Figures 4.5.3 and 4.5.4, 
to simultaneously maximize displacement at output port for loadcase 1 and minimize strain 
energy for loadcase 2.  This multi-objective optimization is often unstable since the order of mag-
nitude of objective functions could be changed through the design process, it is suggested to use 
ratio of the two rather than sum of the two as objective function. 

 

In Formulation-1, reaction force and its sensitivity with respect to design variables must be pro-
vided as a response.  One way to calculate the reaction force is to solve following two loadcases.  
The first loadcase solve a displacement D1 at outputport due to the unit force applied at input port.   
The second loadcase solve a displacement D2 at output port due to the unit force applied at output 
port. Since reaction force can be calculated as ratio, D2/D1, sensitivity of reaction force can be 
easily obtained.  In Genesis, DMIG is used to calculate reaction force.  The detailed data structure 
is explained the example.  
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Problem Statement:
Designable domain of Force/Displacement inverter is shown in Figure 4.5.5.  A black allow 
located at left side of domain and a red allow located at right side of domain represent input and 
output ports respectively.  The both topand bottom corner of left side of domain were fixed all 
degree of freedoms. The goal is to find the structural mechanisms to deform at output port for the 
specified direction using 40% of material.  

Design Problem:
In this example, formulation-1 is used to define the compliant mechanisms optimization.  In cur-
rent version of Genesis, reaction force is not supported as built in response, thus, constraint equa-
tion using DMIG is added to the problem.  In this way, we can enforce the zero displacement at 
output port and can get the reaction force as displacement.  First of all, we need define extra DOF, 
using either SPOINT or GRID, to represent the reaction force as if displacement.  (In this exam-
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ple, we simply defines SPOINTS since the output direction is single DOF.)  Then we define 
DMIG to add artificially unit stiffness at column of added SPOINT and row of output port DOF.  

Force/Displacement Inverter Solution:
Figure 4.5.6 shows the obtained topology.  To demonstrate and verify the deformation, structure 
obtained by TSURF option is calculated. The original and deformed shapes are shown in Figure 
4.5.7.  

[1] Sigmund, O. 1997 "On the design of compliant mechanisms using topology 
optimization," Mech. Struc. Mach. 25, 495-526
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[2] Nishiwaki, S., Frecker, M., Min, S. and Kikuchi, N., "Topology optimization
of compliant mechanisms using the homogenization method," Int. J. Numer. Meth. 
Engrg. 42, 535-559
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4.6 Design of Gripping Mechanisms

Example ID:
T006

Design Data Used:
TINDEX, TCONS, TPROP, TRESP1

Special Features Used:
DIV option in TINDEX 

Problem Statement:
Designable domain of Gripping Mechanisms is shown in Figure 4.6.1.  A black allow located at 
left side of domain and two red allows located at right side of domain represent input and output 
ports respectively.  The both top and bottom corner of left side of domain were fixed all degree of 
freedoms. The goal is to find the structural mechanisms to deform at output port for the specified 
direction using 40% of material. 

Design Problem:
In this example, formulation-2 is used to define the compliant mechanisms optimization.  In this 
formulation, following two loadcases must be defined and multi-objective optimization need to be 
solved.  The first loadcase solve original problem to obtain displacement at output port as 
response.  The second loadcase solve a modified problem which restrained input port and applied 
force at output port.  Then composite objective function is constructed to minimizestrain energy 
of loadcase 2 and to maximize output displacement to the specified direction.  To define this func-
tion, TINDEX with DIV option was used. (See input data) 
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Gripping Mechanisms Solution:
Figure 4.6.2 shows the obtained topology using above formulation.  To demonstrate and verify the 
deformation, structure obtained by TSURF option is again calculated. The original and deformed 
shapes are shown in Figure 4.6.3.  For comparison purpose, solution using formulation 1 are 
shown in Figures 4.6.4 and 4.6.5. The both formulation provide similar solutions.
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4.7 Bar Subject to Torsional Loads With No Fabrication 
Constraints

Example ID:
T007

Design Data Used:
TOBJ, TCONS, TPROP, TRESP

Special Features Used:
None. 

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint. 

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. The left side of the bar is constrained. 
3. The tip of the bar was load with torsional loads 

Results:
The program reduced the strain energy from 1.1457E+04 to 3.2150E+03 N-mm using 640 inde-
pendent design variables. Although the mesh used was relatively coarse in this example, the solu-
tion obtained is interpretable. 
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The following figure shows the obtained topology results. The green part represents the material 
to discard, while the red part represents the material to retain.
 

The following figure shows the final results.

Notes:
The final result contains internal holes that may or may not be manufacturable. Compare this 
problem with problems T008, T009  and T010. In those problems, fabrication contraints are 
inposed to meet different manufacturabily requirements. T008 enforces a triple symmetry condi-
tion. T009 enforces an extrusion constraint. In T010, filling fabrication constraints are imposed to 
ensure the final design is castable. 
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4.7.1 Input Data
The input data is quite large so only the top porsion of it is given here. This input data is named 
T007.dat and is provided with the installation CD.

ID T007
CEND
$
TITLE= BAR  SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS
ECHO = NONE
LINE = 64,80
LOADCASE     1001
LABEL = TORSION LOAD                                              
SPC    =    1001
LOAD   =     100
$
BEGIN BULK
$
DOPT50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30
$+       3.5
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP 6                          
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
TOBJ        1000                MIN
$ CONSTRAINTS
TCONS         11                0.30
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4.7.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.                                                                         

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.3

                             BUILD CODE 200304161637 BETA

     PROJECT NAME: T007                
     RUN STARTED:  Apr 17, 2003 17:47
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10               
     LENVEC:        10000000

1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    1
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 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         32
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       672
                   NUMBER OF ELEMENT PROPERTIES:             642
                   NUMBER OF MATERIALS:                      642
                   NUMBER OF DEGREES OF FREEDOM:            2925

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     640
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    2
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    3
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.515200E+05
                    SYSTEM VOLUME            8.800000E+01
                    SYSTEM MASS/VOLUME       2.858182E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    4
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 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL : -9.846960E-10 ; STRAIN ENERGY :  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    5
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    6
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001 -3.5544E-07 -1.5124E-06 -3.0000E+03  1.2000E+04  6.0000E+04 -2.9658E-
05
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    7
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    8
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1455     2.7616E+03  2.4893E+03 -8.9728E+02 -7.9056E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE    9
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                  M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     4.3719E+00  7.2155E-01 -1.8781E+00  3.8815E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE   10
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE   11
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE   12
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

---------------------------------------------------------------------
A portion of the file has been deleted: See T009.out file provided with the distribution CD 
for more  information.
.---------------------------------------------------------------------
               ********************************************
               *  D E S I G N  C Y C L E     31 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.214953E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE  321
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 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.991005E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE  322
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.146E-01 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:47  PAGE  323
 BAR SUBJECT TO TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS          
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.1457E+04         0.0%
    1     8.8850E+03         0.0%
    2     7.5488E+03         0.0%
    3     6.7762E+03         0.0%
    4     5.8495E+03         0.0%
    5     5.0510E+03         0.0%
    6     5.1853E+03         0.0%
    7     4.3192E+03         0.0%
    8     4.0830E+03         0.0%
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    9     3.9332E+03         0.0%
   10     3.8184E+03         0.0%
   11     3.7137E+03         0.0%
   12     3.6321E+03         0.0%
   13     3.5471E+03         0.0%
   14     3.4706E+03         0.0%
   15     3.4010E+03         0.0%
   16     3.3498E+03         0.0%
   17     3.3131E+03         0.0%
   18     3.2873E+03         0.0%
   19     3.2642E+03         0.0%
   20     3.2481E+03         0.0%
   21     3.2361E+03         0.0%
   22     3.2275E+03         0.0%
   23     3.2220E+03         0.0%
   24     3.2179E+03         0.0%
   25     3.2169E+03         0.0%
   26     3.2159E+03         0.0%
   27     3.2154E+03         0.0%
   28     3.2152E+03         0.0%
   29     3.2150E+03         0.0%
   30     3.2150E+03         0.0%
   31     3.2150E+03         0.0%
1                            ***** END OF OUTPUT *****
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4.8 Bar  Subject to Torsional Loads with Triple Symmetry 
Enforcement   

Example ID:
T008

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing simultaneously three fabrication constraints: MYZ, MZX and MXY on TSYM3

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint (Similar to T007, T009 and T010)
Enforce triple symmetry about the center of the structure (Unique to this problem).

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. The left side of the bar is constrained. 
3. The tip of the bar was load with torsional loads 
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 Results:
The program reduced the strain energy from 2.0916E+04 to 6.9962E+03 N-mm using 80 (640/8) 
independent design variables. Although the mesh used was relatively coarse in this example, the 
solution obtained is interpretable. 
The following figure shows the obtained topology results by grouping together the material to 
keep and the material to discard.
  

The following figure shows the final results.

Notes:
This result contains internal holes that may or may not be manufacturables. Compare this problem 
with problems T009 and T010. In those problems, fabrication contraints are inposed to meet dif-
ferent manufacturabily requirements. In T009, extrusion fabrication constraints are imposed to 
simulate a extrusion process. In T010, filling fabrication constraints are imposed to ensure the 
final design is castable. This problem can also be compared with T007 where no fabrication con-
straints are used.
 
In this problem the initial strain energy is different than in T007 because a different power rule 
was used (RV1=3.5 instead of the default value of 3.0).
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4.8.1 Input Data
The input data is quite large so only a porsion of it is given here. This input data is named 
T008.dat and is provided with the installation CD.
ID T008
CEND
TITLE= BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT                                                              
ECHO = NONE
LINE = 64,80
LOADCASE     1001
   LABEL = TORSION LOAD                                              
   SPC    =    1001
   LOAD   =     100
BEGIN BULK
DOPT50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30                           101
+       3.5
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                    6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
TOBJ        1000                MIN
$ CONSTRAINTS
TCONS         11                0.30
$ FABRICATION CONSTRAINTS: TRIPLE SYMMETRY ABOUT CENTER OF STRUCTURE
TSYM3   101     13
+       MYZ     MZX      MXY
CORD2R        13        15.000001.0000002.00000015.000001.000000102.0000
+       115.00001.0000002.000000
$  --- ANALYSIS DATA ---
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4.8.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.  
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.3

                             BUILD CODE 200304161637 BETA

     PROJECT NAME: T008                
     RUN STARTED:  Apr 17, 2003 17:36
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10               
     LENVEC:        10000000

1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    1
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         32
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       672
                   NUMBER OF ELEMENT PROPERTIES:             642
                   NUMBER OF MATERIALS:                      642
                   NUMBER OF DEGREES OF FREEDOM:            2925

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:      80
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    2
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    3
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.515200E+05
                    SYSTEM VOLUME            8.800000E+01
                    SYSTEM MASS/VOLUME       2.858182E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    4
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 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL :  7.649916E-09 ; STRAIN ENERGY :  2.091595E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    5
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    6
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001 -1.6734E-07  3.5762E-06 -3.0000E+03  1.2000E+04  6.0000E+04  7.1625E-05
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    7
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    8
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1455     2.7616E+03  2.4893E+03 -8.9728E+02 -7.9056E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE    9
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                  M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     7.9818E+00  1.3173E+00 -3.4288E+00  7.0864E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE   10
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.091595E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE   11
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE   12
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         
                                                                       
---------------------------------------------------------------------
A portion of the file has been deleted: See T009.out file provided with the 
distribution CD for more  nformation.
.---------------------------------------------------------------------

               ********************************************
               *  D E S I G N  C Y C L E     50 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  503
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
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                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.509557E+05
                    SYSTEM VOLUME            8.800000E+01
                    SYSTEM MASS/VOLUME       2.851769E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  504
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL :  5.261377E-10 ; STRAIN ENERGY :  6.996228E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  505
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  506
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001 -4.7961E-08  3.9835E-07 -3.0000E+03  1.2000E+04  6.0000E+04  8.0660E-06
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  507
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  508
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3
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    1001     1869     5.8418E+03  5.3740E+03 -2.1834E+03 -6.9285E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  509
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1561     2.4819E+00 -3.3219E-01  1.2828E+00  2.0986E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  510
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     50 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.996228E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  511
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.991026E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  512
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************
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 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:36  PAGE  513
 BAR SUBJECT TO TORSIONAL LOADS WITH TRIPLE SYMMETRY ENFORCEMENT         
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     2.0916E+04         0.0%
    1     1.3247E+04         0.0%
    2     9.3554E+03         0.0%
    3     8.4464E+03         0.0%
    4     8.4750E+03         0.0%
    5     7.7995E+03         0.0%
    6     7.5917E+03         0.0%
    7     7.5908E+03         0.0%
    8     7.4956E+03         0.0%
    9     7.5139E+03         0.0%
   10     7.3819E+03         0.0%
   11     7.3218E+03         0.0%
   12     7.2910E+03         0.0%
   13     7.2731E+03         0.0%
   14     7.2505E+03         0.0%
   15     7.2500E+03         0.0%
   16     7.2248E+03         0.0%
   17     7.2134E+03         0.0%
   18     7.1882E+03         0.0%
   19     7.1805E+03         0.0%
   20     7.1507E+03         0.0%
   21     7.1506E+03         0.0%
   22     7.1323E+03         0.0%
   23     7.1407E+03         0.0%
   24     7.1161E+03         0.0%
   25     7.1100E+03         0.0%
   26     7.1061E+03         0.0%
   27     7.1002E+03         0.0%
   28     7.0955E+03         0.0%
   29     7.0900E+03         0.0%
   30     7.0862E+03         0.0%
   31     7.0808E+03         0.0%
   32     7.0777E+03         0.0%
   33     7.0710E+03         0.0%
   34     7.0666E+03         0.0%
   35     7.0606E+03         0.0%
   36     7.0560E+03         0.0%
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   37     7.0492E+03         0.0%
   38     7.0440E+03         0.0%
   39     7.0373E+03         0.0%
   40     7.0335E+03         0.0%
   41     7.0283E+03         0.0%
   42     7.0259E+03         0.0%
   43     7.0213E+03         0.0%
   44     7.0179E+03         0.0%
   45     7.0120E+03         0.0%
   46     7.0105E+03         0.0%
   47     7.0048E+03         0.0%
   48     7.0014E+03         0.0%
   49     6.9975E+03         0.0%
   50     6.9962E+03         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.9 Bar  Subject to Torsional Loads with Extrusion 
Constraints   

Example ID:
T009

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing one extrusion fabrication constraint: EZ on TSYM3 data

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint (Similar to T007, T008 and T010)
Enforce a extrusion constraints on the z direction. (Unique to this problem).

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. The left side of the bar is constrained. 
3. The tip of the bar was load with torsional loads 

 Results:
The program reduced the strain energy from 1.1457E+04 to 4.5990E+03 N-mm using 160 inde-
pendent design variables.

Extrusion direction
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The following figure shows the obtained topology results by grouping together the material to 
keep and the material to discard.
  

The following figure shows the final results.

Notes:
This result does not contains internal holes so makes the final answer suitable for an extrusion or  
another manufacturing process such as casting. Compare this problem with problems T008  and 
T010 problems. In those problems, other type of fabrication contraints are inposed to meet differ-
ent manufacturabily requirements. In T008  a triple symmetry  fabrication constraints is imposed. 
In T010  a filling fabrication constraints is  imposed to simulate a casting process. This problem 
can also be compared with T007 where no fabrication constraints are used.
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4.9.1 Input Data
The input data is quite large so only a porsion of it is given here. This input data is named 
T009.dat and is provided with the installation CD.

ID T009
CEND
TITLE= BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS                                                              
ECHO = NONE
LINE = 64,80
LOADCASE     1001
   LABEL = TORSION LOAD                                              
   SPC    =    1001
   LOAD   =     100
BEGIN BULK
DOPT50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30                           99
$+       3.5
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                           6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
TOBJ        1000                MIN
$ CONSTRAINTS
TCONS         11                0.30
$ FABRICATION CONSTRAINT: EXTRUSION IN Z DIRECTION
TSYM3   99      11
+            EZ
+            0.50
CORD2R        11        10.00000    0.0     0.0 10.00000100.0000    0.0
+       10.00000    0.0 100.0000
1674 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
4.9.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.                                                                         
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.3

                             BUILD CODE 200304161637 BETA

     PROJECT NAME: T009                
     RUN STARTED:  Apr 17, 2003 17:41
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10               
     LENVEC:        10000000

1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    1
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         32
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       672
                   NUMBER OF ELEMENT PROPERTIES:             642
                   NUMBER OF MATERIALS:                      642
                   NUMBER OF DEGREES OF FREEDOM:            2925

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:        160
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:        640
                  TOTAL NUMBER OF DESIGN VARIABLES:              800
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    2
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    3
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.515200E+05
                    SYSTEM VOLUME            8.800000E+01
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                    SYSTEM MASS/VOLUME       2.858182E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    4
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL :  3.208629E-09 ; STRAIN ENERGY :  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    5
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    6
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  9.1431E-08  1.8852E-06 -3.0000E+03  1.2000E+04  6.0000E+04  3.7609E-05
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    7
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    8
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1455     2.7616E+03  2.4893E+03 -8.9728E+02 -7.9056E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE    9
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     4.3719E+00  7.2155E-01 -1.8781E+00  3.8815E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE   10
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE   11
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE   12
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         
---------------------------------------------------------------------
A portion of the file has been deleted: See T009.out file provided with the 
distribution CD for more  nformation.
.---------------------------------------------------------------------

               ********************************************
               *  D E S I G N  C Y C L E     50 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
1678 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
       OBJECTIVE FUNCTION VALUE =  4.598975E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE  511
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.991000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE  512
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:41  PAGE  513
 BAR SUBJECT TO TORSIONAL LOADS WITH EXTRUSION CONSTRAINTS               
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.1457E+04         0.0%
    1     1.0958E+04         0.0%
    2     9.7671E+03         0.0%
    3     8.4918E+03         0.0%
    4     7.6450E+03         0.0%
    5     6.9489E+03         0.0%
    6     6.4982E+03         0.0%
    7     6.2819E+03         0.0%
    8     5.8074E+03         0.0%
    9     5.6700E+03         0.0%
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   10     5.4955E+03         0.0%
   11     5.5079E+03         0.0%
   12     5.2361E+03         0.0%
   13     5.1935E+03         0.0%
   14     5.1586E+03         0.0%
   15     5.1069E+03         0.0%
   16     5.0573E+03         0.0%
   17     5.0045E+03         0.0%
   18     4.9653E+03         0.0%
   19     4.9341E+03         0.0%
   20     4.9172E+03         0.0%
   21     4.8921E+03         0.0%
   22     4.8742E+03         0.0%
   23     4.8456E+03         0.0%
   24     4.8233E+03         0.0%
   25     4.7930E+03         0.0%
   26     4.7676E+03         0.0%
   27     4.7324E+03         0.0%
   28     4.7104E+03         0.0%
   29     4.6912E+03         0.0%
   30     4.6737E+03         0.0%
   31     4.6630E+03         0.0%
   32     4.6602E+03         0.0%
   33     4.6539E+03         0.0%
   34     4.6547E+03         0.0%
   35     4.6365E+03         0.0%
   36     4.6308E+03         0.0%
   37     4.6266E+03         0.0%
   38     4.6233E+03         0.0%
   39     4.6202E+03         0.0%
   40     4.6170E+03         0.0%
   41     4.6152E+03         0.0%
   42     4.6134E+03         0.0%
   43     4.6117E+03         0.0%
   44     4.6107E+03         0.0%
   45     4.6084E+03         0.0%
   46     4.6066E+03         0.0%
   47     4.6049E+03         0.0%
   48     4.6026E+03         0.0%
   49     4.6005E+03         0.0%
   50     4.5990E+03         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.10 Bar Subject to Torsional Loads with Filling Constraints

Example ID:
T010

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing one filling fabrication constraint in the +z direction: FBZ on TSYM3 data.

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint (Similar to T007, T008 and T009
Enforce a filling  constraints on the z direction. (Unique to this problem).

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. The left side of the bar is constrained. 
3. The tip of the bar was load with torsional loads 

 Results:
The program reduced the strain energy from 1.1457E+04 to 2.0351E+03 N-mm using 320 inde-
pendent design variables.

          Draw direction
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The following figure shows the obtained topology results by grouping together the material to 
keep and the material to discard.
  

The following figure shows the final results.

Notes:
This topology result does not contains internal holes so makes the final answer suitable for a  cast-
ing or  similar  manufacturing process. Compare this problem with problems T008  and T009 
problems. On those problems, other type of fabrication contraints are inposed to meet different 
manufacturabily requirements. On T008  a triple symmetry  fabrication constraints is imposed. 
On T009  an extrusion  fabrication constraint is  imposed to simulate an extrusion manufacturing 
process. This problem can also be compared with T007 where no fabrication constraints are used.
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4.10.1 Input Data
The input data is quite large so only a porsion of it is given here. This input data is named 
T007.dat and is provide with the installation CD.
ID T010
CEND
TITLE= BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                                                              
ECHO = NONE
LINE = *,80
LOADCASE     1001
   LABEL = TORSION LOAD                                              
   SPC    =    1001
   LOAD   =     100
BEGIN BULK
DOPT50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30                           99
$+       3.5
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                           6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
TOBJ        1000                MIN
$ CONSTRAINTS
TCONS         11                0.30
$ FABRICATION CONSTRAINT: FILLING ON Z DIRECTION
TSYM3   99      11
+       FBZ
+       0.50
      CORD2R        11        10.00000    0.0     0.0 10.00000100.0000    0.0
      +       10.00000    0.0 100.0000
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4.10.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2002           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 7.3

                             BUILD CODE 200304161637 BETA

     PROJECT NAME: T010                
     RUN STARTED:  Apr 17, 2003 17:50
     SYSTEM TYPE:  Sun SunOS 5.7 SUNW,Ultra-5_10               
     LENVEC:        10000000

1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    1
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:         32
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       672
                   NUMBER OF ELEMENT PROPERTIES:             642
                   NUMBER OF MATERIALS:                      642
                   NUMBER OF DEGREES OF FREEDOM:            2925

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:        320
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       1280
                  TOTAL NUMBER OF DESIGN VARIABLES:             1600
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    2
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    3
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.515200E+05
                    SYSTEM VOLUME            8.800000E+01
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                    SYSTEM MASS/VOLUME       2.858182E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    4
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL :  3.208629E-09 ; STRAIN ENERGY :  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    5
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    6
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  9.1431E-08  1.8852E-06 -3.0000E+03  1.2000E+04  6.0000E+04  3.7609E-05
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    7
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    8
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1455     2.7616E+03  2.4893E+03 -8.9728E+02 -7.9056E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE    9
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
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                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     4.3719E+00  7.2155E-01 -1.8781E+00  3.8815E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE   10
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.145651E+04
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE   11
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE   12
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         
                                                                    
---------------------------------------------------------------------
A portion of the file has been deleted: See T009.out file provided with the 
distribution CD for more  nformation.
.---------------------------------------------------------------------

               ********************************************
               *  D E S I G N  C Y C L E     36 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION
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       OBJECTIVE FUNCTION VALUE =  2.035136E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  371
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.990994E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  372
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     37 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  373
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.509542E+05
                    SYSTEM VOLUME            8.800000E+01
                    SYSTEM MASS/VOLUME       2.851752E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  374
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   S O L U T I O N   R E S I D U A L S

 LOADCASE     1001 ; RESIDUAL : -2.402537E-10 ; STRAIN ENERGY :  2.035060E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  375
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                     O L O A D   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

    1001  0.0000E+00  0.0000E+00  3.0000E+03 -1.2000E+04 -6.0000E+04  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  376
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

    1001 -2.8465E-08  1.1686E-06 -3.0000E+03  1.2000E+04  6.0000E+04  2.3402E-05
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  377
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1178     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  378
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1576     4.3432E+03 -3.9342E+03  1.7374E+03 -6.0541E+02
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  379
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

    1001     1561     6.3019E-01 -7.3540E-02  4.7430E-01  4.0837E-01
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  380
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     37 (DESIGN)  *
               ********************************************
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  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.035060E+03
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  381
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.991002E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  382
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.146E-01 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.3                   DATE 04-17-2003  TIME 17:50  PAGE  383
 BAR SUBJECT TO TORSIONAL LOADS WITH FILLING CONSTRAINTS                 
                                                                         

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.1457E+04         0.0%
    1     1.0883E+04         0.0%
    2     9.8132E+03         0.0%
    3     8.1402E+03         0.0%
    4     6.9511E+03         0.0%
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    5     6.1480E+03         0.0%
    6     5.5983E+03         0.0%
    7     4.9474E+03         0.0%
    8     4.4183E+03         0.0%
    9     4.0546E+03         0.0%
   10     3.7715E+03         0.0%
   11     3.5203E+03         0.0%
   12     3.2536E+03         0.0%
   13     3.0048E+03         0.0%
   14     2.7152E+03         0.0%
   15     2.5034E+03         0.0%
   16     2.3647E+03         0.0%
   17     2.2651E+03         0.0%
   18     2.1970E+03         0.0%
   19     2.1571E+03         0.0%
   20     2.1293E+03         0.0%
   21     2.1116E+03         0.0%
   22     2.1009E+03         0.0%
   23     2.0883E+03         0.0%
   24     2.0768E+03         0.0%
   25     2.0647E+03         0.0%
   26     2.0573E+03         0.0%
   27     2.0501E+03         0.0%
   28     2.0415E+03         0.0%
   29     2.0374E+03         0.0%
   30     2.0356E+03         0.0%
   31     2.0355E+03         0.0%
   32     2.0354E+03         0.0%
   33     2.0353E+03         0.0%
   34     2.0358E+03         0.0%
   35     2.0352E+03         0.0%
   36     2.0351E+03         0.0%
   37     2.0351E+03         0.0%
1                            ***** END OF OUTPUT *****
GENESIS November 2009 Design Examples Manual 1691



Design Examples: Topology
4.11 Bar Subject to Multiple Torsional Loads Cases With no 
Fabrication Constraints   

Example ID:
T011

Design Data Used:
TINDEX, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
None. 

Problem Statement:
Bar modeled with 3-D solid elements subjected to multiple torsional  loadcases. 

Design Problem: 
Minimize the sum of the normalized gloabal strain energies of three loadcase. The model is sub-
ject to a 30% mass constraint. 

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. Loadcase 1: The front section of the bar is loaded with torsional loads while the 

back section  is constrained
3. Loadcase 2: The back section of the bar is loaded with torsional loads while the 

front section of is constrained
4. Loadcase 3:The  front and back of sections of bar are constrained, a torcional load   

is applied on the mid section.   
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Results:
The program reduced the TINDEX  from 3.000 to 1.267 using 640 independent design variables. 
Although the mesh used was relatively coarse in this example, the solution obtained is clear. 
The following figure shows the obtained topology results. The green part represents the material 
to discard, while the red part represents the material to retain.
 

The following figures shows the final results.

Notes:
The final result contains internal holes that may or may not be manufacturable. Compare this 
problem with problems T012 and T013. In those problems, fabrication contraints are inposed to 
meet different manufacturabily requirements. T012 enforces a simple filling condition in which 
material is allow to grow only from the bottom. T013 uses the FGZ type of constraint that allows 
to have a birectional filling on a local Z direction using an arbitrary parting surface.
GENESIS November 2009 Design Examples Manual 1693



Design Examples: Topology
4.11.1 Input Data
The input data is large so only a porsion of it is given here. This input data is named T011.dat and 
is provide with the installation CD.

ID T011
CEND
TITLE= BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS
ECHO = NONE
LINE = *,80
LOADCASE     1
   LABEL = TORSION LOAD
   SPC    =    1000
   LOAD   =     100
LOADCASE     2
   LABEL = TORSION LOAD
   SPC    =    2000
   LOAD   =     200
LOADCASE     3
   LABEL = TORSION LOAD
   SPC    =    3000
   LOAD   =     300
BEGIN BULK
DOPT    50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30
+       3.0
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                           6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
$TOBJ        1000                MIN
TINDEX  1000    1       1.0
+       1000    2       1.0
+       1000    3       1.0
$ CONSTRAINTS
TCONS         11                0.30
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4.11.2 Output Data
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T011.out and is provide with the installation CD.

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.3

                             BUILD CODE 200402261945 BETA

     PROJECT NAME: T011
     RUN STARTED:  Mar  3, 2004 11:03
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    1
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       640
                   NUMBER OF ELEMENT PROPERTIES:             641
                   NUMBER OF MATERIALS:                      641
                   NUMBER OF DEGREES OF FREEDOM:            2835

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:    MINIMIZE COMBINED RESPONSES
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     640
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    4
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  TOTAL NUMBER OF LOAD CASES:                    3

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    2
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    3
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.886400E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.358000E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    4
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    5
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -3.057535E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        2 ; RESIDUAL :  6.241643E-15 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        3 ; RESIDUAL :  1.295544E-15 ; STRAIN ENERGY :  1.585993E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    6
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    7
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -2.3066E-11 -1.2905E-11  3.5518E-11  4.0000E+03 -6.1622E-10 -1.4457E-10
       2  1.5760E-11 -1.0530E-11 -8.5834E-12 -4.0000E+03  1.3497E-10 -9.6747E-11
       3 -4.0590E-13 -7.7449E-13  4.9011E-13  4.0000E+02 -6.4624E-12 -1.2484E-11
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    8
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS
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               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE    9
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1647     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       2     1629     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       3     1629     8.3725E+00  7.3483E+00 -3.6107E+00 -1.7504E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE   10
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     6.0724E-01  1.2587E-15 -6.0724E-01  3.3185E-15
       2     1088     6.0724E-01 -3.0681E-15  6.0724E-01  9.6679E-15
       3     1576     1.5860E-02  5.0958E-18  1.5860E-02 -2.1738E-17
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE   11
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE   12
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

  TINDEX
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                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        2 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        3 SENERGY   1.000E+00  1.585993E+00  1.585993E+00  1.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE   13
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE   14
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

               ********************************************
               *  D E S I G N  C Y C L E     38 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  459
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.880741E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.350926E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  460
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS
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                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  461
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  4.149262E-14 ; STRAIN ENERGY :  2.612158E+02
 LOADCASE        2 ; RESIDUAL :  5.329954E-14 ; STRAIN ENERGY :  2.612158E+02
 LOADCASE        3 ; RESIDUAL :  1.542884E-14 ; STRAIN ENERGY :  5.813857E-01
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  462
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  463
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -2.3907E-11 -8.3157E-11 -4.8207E-11  4.0000E+03  8.0082E-10 -1.4819E-09
       2  2.4400E-11  1.0104E-11  2.2302E-11 -4.0000E+03 -3.1241E-10  3.5641E-10
       3 -4.4675E-13 -1.2190E-13 -2.8716E-13  4.0000E+02  2.9310E-12 -7.1765E-13
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  464
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  465
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1931     3.0933E+02  2.6804E+02 -1.3745E+02  7.0362E+01
       2     1754     3.0933E+02 -2.6804E+02 -1.3745E+02 -7.0362E+01
       3     1513     1.5289E+01 -1.3201E+01 -6.9194E+00 -3.4082E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  466
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1631     2.6523E-01  2.0176E-02  2.4317E-01  1.0395E-01
       2     1070     2.6523E-01 -2.0176E-02  2.4317E-01 -1.0395E-01
       3     1576     5.8139E-03  1.7130E-17  5.8139E-03 -4.4249E-17
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  467
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

               ********************************************
               *  D E S I G N  C Y C L E     38 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.226919E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  468
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
GENESIS November 2009 Design Examples Manual 1701



Design Examples: Topology
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  2.612158E+02  4.301719E-01
     1000        2 SENERGY   1.000E+00  6.072358E+02  2.612158E+02  4.301719E-01
     1000        3 SENERGY   1.000E+00  1.585993E+00  5.813857E-01  3.665751E-01
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  469
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.991000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  470
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 3.000E-05 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:03  PAGE  471
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH NO FABRICATION CONSTRAINTS

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.0000E+00         0.0%
    1     2.0472E+00         0.0%
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    2     1.8292E+00         0.0%
    3     1.7496E+00         0.0%
    4     1.8211E+00         0.0%
    5     1.5870E+00         0.0%
    6     1.5139E+00         0.0%
    7     1.4721E+00         0.0%
    8     1.4286E+00         0.0%
    9     1.3821E+00         0.0%
   10     1.3376E+00         0.0%
   11     1.2972E+00         0.0%
   12     1.2817E+00         0.0%
   13     1.2710E+00         0.0%
   14     1.2676E+00         0.0%
   15     1.2568E+00         0.0%
   16     1.2561E+00         0.0%
   17     1.2449E+00         0.0%
   18     1.2390E+00         0.0%
   19     1.2354E+00         0.0%
   20     1.2353E+00         0.0%
   21     1.2327E+00         0.0%
   22     1.2336E+00         0.0%
   23     1.2300E+00         0.0%
   24     1.2291E+00         0.0%
   25     1.2285E+00         0.0%
   26     1.2280E+00         0.0%
   27     1.2278E+00         0.0%
   28     1.2276E+00         0.0%
   29     1.2276E+00         0.0%
   30     1.2274E+00         0.0%
   31     1.2273E+00         0.0%
   32     1.2272E+00         0.0%
   33     1.2271E+00         0.0%
   34     1.2271E+00         0.0%
   35     1.2270E+00         0.0%
   36     1.2269E+00         0.0%
   37     1.2269E+00         0.0%
   38     1.2269E+00         0.0%
1                            ***** END OF OUTPUT *****
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4.12 Bar Subject to Multiple Load Cases With FBZ Fabrication 
Constraints (Parting Plane on Bottom)

Example ID:
T012

Design Data Used:
TINDEX, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Manufacturing constraints with the parting plane on the bottom.

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads.

Design Problem: 
Minimize the sum of the normalized gloabal strain energies of three loadcase. The model is sub-
ject to a 30% mass constraint.

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. Loadcase 1: The front section of the bar is loaded with torsional loads while the 

back section  is constrained
3. Loadcase 2: The back section of the bar is loaded with torsional loads while the 

front section of is constrained
4. Loadcase 3: The  front and back of sections of bar are constrained, a torcional load   

is applied on the mid section. 
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Results:
The program reduced the TINDEX objective function from 3.000 to 1.152  using 320 (160*2)  
independent design variables. Although the mesh used was relatively coarse in this example, the 
solution obtained is interpretable. The following figure shows the obtained topology results. The 
green part represents the material to discard, while the red part represents the material to retain.
 

The following figure shows two views with the final results.

Notes:
The final result does not contain internal cavities so the final structure can be manufactured using 
casting techniques. Compare this problem with problems T010 and T012. In problem T010 there 
are internal cavities as no fabrication constraints were used. The results on T012 are similar to this 
one, however in T012 the parting plane has not been fixed to the bottom as in this case. 
GENESIS November 2009 Design Examples Manual 1705



Design Examples: Topology
4.12.1 Input Data
The input data is quite large so only a porsion of it is given here. This input data is named 
T012.dat and is provide with the installation CD.

ID T012
CEND
TITLE= BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
SUBTITLE= PARTING PLANE ON BOTTOM
ECHO = NONE
LINE = *,80
LOADCASE     1
   LABEL = TORSION LOAD
   SPC    =    1000
   LOAD   =     100
LOADCASE     2
   LABEL = TORSION LOAD
   SPC    =    2000
   LOAD   =     200
LOADCASE     3
   LABEL = TORSION LOAD
   SPC    =    3000
   LOAD   =     300
BEGIN BULK
DOPT    50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30                            99
+       3.0
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                           6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
$TOBJ        1000                MIN
TINDEX  1000    1       1.0
+       1000    2       1.0
+       1000    3       1.0
$ CONSTRAINTS
TCONS         11                0.30
$ FABRICATION CONSTRAINT: FILLING USING LOCAL COORDINATE SYSTEM 11 +Z 
DIRECTION
TSYM3   99      11
+       TFZ
+       0.50
$  --- ANALYSIS DATA ---
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4.12.2 Output Data
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T012.dat and is provide with the installation CD.

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.3

                             BUILD CODE 200402261945 BETA

     PROJECT NAME: T012
     RUN STARTED:  Mar  3, 2004 11:07
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    1
GENESIS November 2009 Design Examples Manual 1707



Design Examples: Topology
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       640
                   NUMBER OF ELEMENT PROPERTIES:             641
                   NUMBER OF MATERIALS:                      641
                   NUMBER OF DEGREES OF FREEDOM:            2835

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:    MINIMIZE COMBINED RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:        320
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       1280
                  TOTAL NUMBER OF DESIGN VARIABLES:             1600
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    4
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  TOTAL NUMBER OF LOAD CASES:                    3

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    2
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    3
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.886400E+05
                    SYSTEM VOLUME            8.000000E+01
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                    SYSTEM MASS/VOLUME       2.358000E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    4
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    5
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -4.057989E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        2 ; RESIDUAL :  2.570546E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        3 ; RESIDUAL : -6.984043E-15 ; STRAIN ENERGY :  1.585993E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    6
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    7
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -3.2646E-11 -3.5692E-11  1.4010E-11  4.0000E+03 -2.7349E-10 -5.4574E-10
       2  1.2776E-11  3.6451E-12 -1.1225E-11 -4.0000E+03  1.8346E-10  5.3547E-11
       3 -2.2649E-13 -7.0877E-13 -2.8777E-13  4.0000E+02  2.8511E-12 -9.4076E-12
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    8
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE    9
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1647     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       2     1629     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       3     1629     8.3725E+00  7.3483E+00 -3.6107E+00 -1.7504E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   10
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     6.0724E-01  4.4551E-15 -6.0724E-01  1.6105E-14
       2     1088     6.0724E-01 -2.1393E-15  6.0724E-01  7.6256E-15
       3     1576     1.5860E-02  6.3968E-18  1.5860E-02 -6.8847E-18
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   11
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   12
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM
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  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        2 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        3 SENERGY   1.000E+00  1.585993E+00  1.585993E+00  1.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   13
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   14
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   15
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.880673E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.350841E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   16
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM
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                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   17
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  2.165610E-14 ; STRAIN ENERGY :  5.512207E+02
 LOADCASE        2 ; RESIDUAL :  3.835790E-14 ; STRAIN ENERGY :  5.512176E+02
 LOADCASE        3 ; RESIDUAL : -9.268105E-16 ; STRAIN ENERGY :  1.208163E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   18
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   19
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  8.4928E-12 -5.9851E-11  3.9009E-11  4.0000E+03 -6.6775E-10 -1.0400E-09
       2 -1.5774E-11  6.1576E-11 -1.2296E-11 -4.0000E+03  1.2903E-10  7.3442E-10
       3  1.8652E-14 -1.4140E-12  4.6907E-13  4.0000E+02 -7.5602E-12 -2.1238E-11
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   20
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   21
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1071     2.4737E+02  2.2379E+02  9.4757E+01 -4.6141E+01
       2     1629     2.4737E+02 -2.2379E+02  9.4757E+01  4.6141E+01
       3     1511     1.2281E+01 -1.1105E+01 -4.7223E+00 -2.2820E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   22
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1248     5.5992E-01 -4.3113E-02 -5.0713E-01  2.3339E-01
       2     1515     5.5992E-01  4.3111E-02 -5.0713E-01 -2.3339E-01
       3     1576     1.2082E-02  1.9418E-09  1.2082E-02 -2.9839E-05
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE   23
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

               ********************************************
               *  D E S I G N  C Y C L E     50 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.151568E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE  612
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
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 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  2.569211E+02  4.230995E-01
     1000        2 SENERGY   1.000E+00  6.072358E+02  2.571294E+02  4.234424E-01
     1000        3 SENERGY   1.000E+00  1.585993E+00  4.837689E-01  3.050258E-01
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE  613
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.999392E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE  614
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:07  PAGE  615
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FZ FABRICATION CONSTRAINTS
 PARTING PLANE ON BOTTOM

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     3.0000E+00         0.0%
    1     2.5773E+00         0.0%
    2     2.3898E+00         0.0%
    3     2.1154E+00         0.0%
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    4     1.9281E+00         0.0%
    5     1.7392E+00         0.0%
    6     1.5793E+00         0.0%
    7     1.4465E+00         0.0%
    8     1.3978E+00         0.0%
    9     1.3806E+00         0.0%
   10     1.3607E+00         0.0%
   11     1.3486E+00         0.0%
   12     1.3420E+00         0.0%
   13     1.3187E+00         0.0%
   14     1.3160E+00         0.0%
   15     1.2944E+00         0.0%
   16     1.2891E+00         0.0%
   17     1.2623E+00         0.0%
   18     1.2518E+00         0.0%
   19     1.2370E+00         0.0%
   20     1.2287E+00         0.0%
   21     1.2185E+00         0.0%
   22     1.2088E+00         0.0%
   23     1.2018E+00         0.0%
   24     1.1941E+00         0.0%
   25     1.1768E+00         0.0%
   26     1.1661E+00         0.0%
   27     1.1611E+00         0.0%
   28     1.1601E+00         0.0%
   29     1.1595E+00         0.0%
   30     1.1595E+00         0.0%
   31     1.1594E+00         0.0%
   32     1.1594E+00         0.0%
   33     1.1595E+00         0.0%
   34     1.1595E+00         0.0%
   35     1.1595E+00         0.0%
   36     1.1595E+00         0.0%
   37     1.1595E+00         0.0%
   38     1.1539E+00         0.0%
   39     1.1595E+00         0.0%
   40     1.1565E+00         0.0%
   41     1.1539E+00         0.0%
   42     1.1512E+00         0.0%
   43     1.1539E+00         0.0%
   44     1.1525E+00         0.0%
   45     1.1512E+00         0.0%
   46     1.1525E+00         0.0%
   47     1.1519E+00         0.0%
   48     1.1512E+00         0.0%
   49     1.1519E+00         0.0%
   50     1.1516E+00         0.0%
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 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.13 Bar Subject to Multiple Load Cases With FGZ Fabrication 
Constraints (With Free Parting Plane Location) 

Example ID:
T013

Design Data Used:
TINDEX, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Fabrication constraints with a free location parting plane

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads.

Design Problem: 
Minimize the sum of the normalized gloabal strain energies of three loadcase. The model is sub-
ject to a 30% mass constraint.

Problem Description:
1. The designable domain was discretized with 640 CHEXA elements. 
2. Loadcase 1: The front section of the bar is loaded with torsional loads while the 

back section is constrained
3. Loadcase 2: The back section of the bar is loaded with torsional loads while the 

front section of is constrained
4. Loadcase 3:The  front and back of sections of bar are constrained, a torcional load   

is applied on the mid section.  
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Results:
The program reduced the TINDEX objective function from 3.000 to 1.080 using 480 (160*3)  
independent design variables. Although the mesh used was relatively coarse in this example, the 
solution obtained is interpretable.
The following figure shows the obtained topology results. The green part represents the material 
to discard, while the red part represents the material to retain.
 

The following figure shows two views with the final results.

Notes:
The final result does not contain internal cavities so the final structure can be manufactured using 
casting techniques. Compare this problem with problems T010  and T012. In problem T010 there 
are internal cavities as no fabrication constraints were used. The results on T011 are similar to this 
one, however in T011 the parting plane has been foreced to be on the bottom. 
1718 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
4.13.1 Input Data
The input data is quite large so only a porsion of it is given here. This 
input data is named T013.dat and is provide with the installation CD.

ID T013
CEND
$
TITLE= BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION 
CONSTRAINTS
SUBTITLE= WITH NON FIXED PARTING PLANE
ECHO = NONE
LINE = *,80
LOADCASE     1
   LABEL = TORSION LOAD
   SPC    =    1000
   LOAD   =     100
LOADCASE     2
   LABEL = TORSION LOAD
   SPC    =    2000
   LOAD   =     200
LOADCASE     3
   LABEL = TORSION LOAD
   SPC    =    3000
   LOAD   =     300
BEGIN BULK
DOPT    50
$
$--- DESIGN MODEL DESCRIPTION
$
$
$ TOPOLOGY REGION DEFINITION
TPROP         11       6POWER   0.30                            99
+       3.0
$ RESPONSES
TRESP1        11SECT11  MASSFR  PROP                           6
TRESP1      1000SE      SENERGY
$ OBJECTIVE FUNCTION
$TOBJ        1000                MIN
TINDEX  1000    1       1.0
+       1000    2       1.0
+       1000    3       1.0
$ CONSTRAINTS
TCONS         11                0.30
$ FABRICATION CONSTRAINT: FILLING USING LOCAL COORDINATE SYSTEM 11 +Z 
DIRECTION
TSYM3   99      11
+       FGZ
+       0.50
$  --- ANALYSIS DATA ---
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4.13.2 Output Data
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T013.out and is provide with the installation CD.

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE

                              COPYRIGHT, 1991-2002

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE

                                  VERSION 7.3

                             BUILD CODE 200402261945 BETA

     PROJECT NAME: T013
     RUN STARTED:  Mar  3, 2004 11:13
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:           50000000

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    1
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       640
                   NUMBER OF ELEMENT PROPERTIES:             641
                   NUMBER OF MATERIALS:                      641
                   NUMBER OF DEGREES OF FREEDOM:            2835

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:    MINIMIZE COMBINED RESPONSES
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:        480
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       1920
                  TOTAL NUMBER OF DESIGN VARIABLES:             2400
                  NUMBER OF DESIGNABLE ELEMENTS:                 640
                  NUMBER OF TOPOLOGY RESPONSES:                    4
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  TOTAL NUMBER OF LOAD CASES:                    3

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    2
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    3
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.886400E+05
                    SYSTEM VOLUME            8.000000E+01
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                    SYSTEM MASS/VOLUME       2.358000E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    4
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    5
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -4.057989E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        2 ; RESIDUAL :  2.570546E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        3 ; RESIDUAL : -6.984043E-15 ; STRAIN ENERGY :  1.585993E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    6
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    7
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -3.2646E-11 -3.5692E-11  1.4010E-11  4.0000E+03 -2.7349E-10 -5.4574E-10
       2  1.2776E-11  3.6451E-12 -1.1225E-11 -4.0000E+03  1.8346E-10  5.3547E-11
       3 -2.2649E-13 -7.0877E-13 -2.8777E-13  4.0000E+02  2.8511E-12 -9.4076E-12
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    8
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE    9
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1647     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       2     1629     1.6819E+02 -1.4770E+02  7.2331E+01  3.5208E+01
       3     1629     8.3725E+00  7.3483E+00 -3.6107E+00 -1.7504E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   10
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     6.0724E-01  4.4551E-15 -6.0724E-01  1.6105E-14
       2     1088     6.0724E-01 -2.1393E-15  6.0724E-01  7.6256E-15
       3     1576     1.5860E-02  6.3968E-18  1.5860E-02 -6.8847E-18
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   11
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   12
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE
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  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        2 SENERGY   1.000E+00  6.072358E+02  6.072358E+02  1.000000E+00
     1000        3 SENERGY   1.000E+00  1.585993E+00  1.585993E+00  1.000000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   13
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   14
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               ********************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   15
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.880731E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.350914E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   16
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE
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                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   17
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  1.907502E-14 ; STRAIN ENERGY :  5.503923E+02
 LOADCASE        2 ; RESIDUAL : -3.836643E-14 ; STRAIN ENERGY :  5.503925E+02
 LOADCASE        3 ; RESIDUAL : -1.992198E-14 ; STRAIN ENERGY :  1.204200E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   18
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   19
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  3.3626E-12 -3.6534E-11 -1.3838E-11  4.0000E+03  2.6661E-10 -6.0625E-10
       2 -1.0218E-11  8.4057E-12 -7.9901E-12 -4.0000E+03  8.4867E-11  1.6496E-10
       3  3.0820E-13 -9.2770E-13  2.1161E-13  4.0000E+02 -1.0978E-12 -1.4630E-11
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   20
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   21
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1511     2.4510E+02 -2.2101E+02 -9.5835E+01 -4.5230E+01
       2     1760     2.4510E+02 -2.2101E+02 -9.5834E+01 -4.5229E+01
       3     1511     1.2203E+01 -1.1000E+01 -4.7844E+00 -2.2421E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   22
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     2014     5.5790E-01 -4.7154E-02  5.0627E-01 -2.2962E-01
       2     1646     5.5790E-01  4.7154E-02  5.0627E-01  2.2962E-01
       3     1576     1.2042E-02 -1.0124E-09  1.2042E-02 -5.1290E-08
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE   23
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               ********************************************
               *  D E S I G N  C Y C L E     45 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  543
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                    M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.880739E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.350924E+03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  544
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE
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                    E N C L O S I N G   B O X    S U M M A R Y

                             LENGTH X   1.000000E+01
                             LENGTH Y   2.000000E+00
                             LENGTH Z   4.000000E+00
                             AREA XY    2.000000E+01
                             AREA YZ    8.000000E+00
                             AREA XZ    4.000000E+01
                             VOLUME XYZ 8.000000E+01

1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  545
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  2.266046E-14 ; STRAIN ENERGY :  2.397706E+02
 LOADCASE        2 ; RESIDUAL :  1.080791E-13 ; STRAIN ENERGY :  2.397663E+02
 LOADCASE        3 ; RESIDUAL :  1.622426E-14 ; STRAIN ENERGY :  4.602230E-01
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  546
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                     O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  547
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  5.5306E-11 -2.1304E-10  1.9100E-11  4.0000E+03  6.6929E-11 -3.9945E-09
       2  5.5018E-12 -2.6520E-11 -6.4340E-11 -4.0000E+03  9.6820E-10 -3.1856E-11
       3 -4.2259E-13 -8.5674E-13  5.7195E-13  4.0000E+02 -9.1737E-12 -1.2666E-11
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  548
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  549
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                   M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1513     6.1729E+02 -5.6246E+02 -2.0356E+02 -1.5249E+02
       2     2009     6.0752E+02  5.5446E+02  2.0225E+02 -1.4406E+02
       3     1075     3.1090E+01  2.8318E+01  1.0316E+01 -7.6335E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  550
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                  M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     2014     2.5054E-01 -3.3520E-02  2.3252E-01 -8.7067E-02
       2     1646     2.5082E-01  3.2994E-02  2.3273E-01  8.7519E-02
       3     1974     4.6132E-03 -6.2039E-06  4.0389E-03 -2.2292E-03
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  551
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

               ********************************************
               *  D E S I G N  C Y C L E     45 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.079884E+00
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  552
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
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 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
     1000        1 SENERGY   1.000E+00  6.072358E+02  2.397706E+02  3.948559E-01
     1000        2 SENERGY   1.000E+00  6.072358E+02  2.397663E+02  3.948487E-01
     1000        3 SENERGY   1.000E+00  1.585993E+00  4.602230E-01  2.901796E-01
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  553
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

  CONSTRAINT

                         MASS,VOLUME
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.990998E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  554
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-05 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 3.000E-05 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  7.3                   DATE 03-03-2004  TIME 11:13  PAGE  555
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FABRICATION CONSTRAINTS
 WITH NON FIXED PARTING PLANE

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
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  CYCLE    FUNCTION        VIOLATION

    0     3.0000E+00         0.0%
    1     2.5721E+00         0.0%
    2     2.3782E+00         0.0%
    3     2.1059E+00         0.0%
    4     1.9121E+00         0.0%
    5     1.7332E+00         0.0%
    6     1.6076E+00         0.0%
    7     1.4706E+00         0.0%
    8     1.4102E+00         0.0%
    9     1.3827E+00         0.0%
   10     1.3693E+00         0.0%
   11     1.3867E+00         0.0%
   12     1.3285E+00         0.0%
   13     1.3106E+00         0.0%
   14     1.2940E+00         0.0%
   15     1.2759E+00         0.0%
   16     1.2604E+00         0.0%
   17     1.2404E+00         0.0%
   18     1.2209E+00         0.0%
   19     1.2033E+00         0.0%
   20     1.1899E+00         0.0%
   21     1.1790E+00         0.0%
   22     1.1679E+00         0.0%
   23     1.1570E+00         0.0%
   24     1.1453E+00         0.0%
   25     1.1360E+00         0.0%
   26     1.1278E+00         0.0%
   27     1.1210E+00         0.0%
   28     1.1139E+00         0.0%
   29     1.1066E+00         0.0%
   30     1.1005E+00         0.0%
   31     1.0958E+00         0.0%
   32     1.0926E+00         0.0%
   33     1.0893E+00         0.0%
   34     1.0867E+00         0.0%
   35     1.0851E+00         0.0%
   36     1.0845E+00         0.0%
   37     1.0835E+00         0.0%
   38     1.0829E+00         0.0%
   39     1.0821E+00         0.0%
   40     1.0814E+00         0.0%
   41     1.0805E+00         0.0%
   42     1.0798E+00         0.0%
   43     1.0799E+00         0.0%
   44     1.0799E+00         0.0%
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   45     1.0799E+00         0.0%
1                            ***** END OF OUTPUT *****
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4.14 Topology Optimization with  Force Constrains  (Using 
Relative Displacements Contraints) 

Example ID:
T014

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1(RELDISP), TSYM3

Special Features Used:
Relative displacements contraints to achive  forces contraints on elastic elements connecting  two 
regions. 

Problem Statement:
Structure modeled with two region. Each region is modeled with QUAD4 membrane elements. 
The structure is  subjected to a vertical tip load. The first region is connection with the second 
region using elastics elements to model the interaction of the two parts.

Design Problem: 
Minimize the gloabal strain energy. The model is subject to a 30% mass constraint.
A symmetry plane that reduced the number of design variables by two is used.

Problem Description:
1. The designable domain was discretized with 400 QUAD4 elements. Only 

membrane thickness is used . Eleven springs elements are used to connect the 
structure horizontaly and another set lof 11 springs ocated on same grids of the first 
set  is used to conncect the structures vertically. The non-designable domain has 80 
QUAD4 elements.
1732 Design Examples Manual November 2009 GENESIS
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2. The absoulute value of Force  <=  50 N is desired. Since F=K(u2-u1),  this is 
equivalent to -50/K<=(u2-u1) <= 50/K; for K =10,000 the equivalent constrains are: 
-0.005<=(u2 -u1) <=0.005 

Results:
The program reduced the objective  function from 28.91 to 5.36 using 200   independent design 
variables. Although the mesh used was relatively coarse in this example, the solution obtained is 
interpretable. The maximum force in the horizontal direction is 49.81 N (satisfied)
The following figure shows the obtained topology results. The green part represents the material 
non designed, while the red part represents the material retained by the optimization run.
 

The following figure shows a referenced answer obtained by solving same problem without the 
relative displacements contraints that simulated the forces constraints. The strain energy in this 
case is better (3.36) but the forces in the corners are higher (79.81 N).

F=K(u2-u1)
Distance = 0.0

FF

(u2-u1)=F/K

Connecting springs every two elements

F=K(u2-u1)
Distance = 0.0

FF

(u2-u1)=F/K

Connecting springs every two elements
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4.14.1 Input Data
The input data is quite large so only a porsion of it is given here. This 
input data is named T014.dat and is provide with the installation CD.

$  --- ANALYSIS DATA ---
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 8.0 (2005-11-01)
$ Exported on 2005-11-01 17:01
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = BAR WITH FORCE CONSTRAINS (RELATIVE DISPLACEMENT CONSTRAINTS)
LINE = 64,80
DENSITY = POST
$
$ Set definitions
$
$ ELEMENT SET
SET       12=    1001,    THRU,    1011
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = Y LOADING
   SPC = 4
   LOAD = 4
   DISP(PLOT) = ALL
   FORCE(PRINT) = 12
BEGIN BULK
DOPT 50
GRDSET 345
$
$ Topology Optimization definitions
$
TPROP          7       7        .2000000                               7
TSYM3          7      13
+            MZX
TRESP1         3T_2     SENERGY         
TOBJ           3               1        
TRESP1         5MASS    MASSFR      PROP                       7
TCONS          5                .2000000
TRESP1      1001R_1     RELDISP                        1   17802    8901
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TCONS       1001        -5.000-35.0000-3
TRESP1      1002R_2     RELDISP                        1   17580    8679
TCONS       1002        -5.000-35.0000-3
TRESP1      1003R_3     RELDISP                        1   17358    8457
TCONS       1003        -5.000-35.0000-3
TRESP1      1004R_4     RELDISP                        1   17136    8235
TCONS       1004        -5.000-35.0000-3
TRESP1      1005R_5     RELDISP                        1   16914    8013
TCONS       1005        -5.000-35.0000-3
TRESP1      1006R_6     RELDISP                        1   16692    7791
TCONS       1006        -5.000-35.0000-3
TRESP1      1007R_7     RELDISP                        1   16470    7569
TCONS       1007        -5.000-35.0000-3
TRESP1      1008R_8     RELDISP                        1   16248    7347
TCONS       1008        -5.000-35.0000-3
TRESP1      1009R_9     RELDISP                        1   16026    7125
TCONS       1009        -5.000-35.0000-3
TRESP1      1010R_10    RELDISP                        1   15804    6903
TCONS       1010        -5.000-35.0000-3
TRESP1      1011R_11    RELDISP                        1   15582    6681
TCONS       1011        -5.000-35.0000-3
$HMNAME SET       12 "celasX"
$
$ Coordinate systems
$
$HMNAME SYSTCOL       11 "Coord_11"
CORD2R        11        10.00000     0.0     0.09.000000     0.0     0.0
+       10.00000     0.01.000000
$HMNAME SYSTCOL       12 "New Coord. Sys. 2"
CORD2R        12        10.0000010.0000010.0000010.0000010.0000020.00000
+       20.0000010.0000010.00000
$HMNAME SYSTCOL       13 "center"
CORD2R        13        20.00000-15.0000     0.020.00000-15.000010.00000
+       30.00000-15.0000     0.0
$
$ Grid points
$
GRID        6677        8.000000-10.0000     0.0
GRID        6678        8.500000-10.0000     0.0
GRID        6679        9.000000-10.0000     0.0
GRID        6680        9.500000-10.0000     0.0
GRID        6681        10.00000-10.0000     0.0

$
$ Element definitions
$
CELAS1      1001    2000   17802       1    8901       1
CELAS1      1002    2000   17580       1    8679       1
CELAS1      1003    2000   17358       1    8457       1
CELAS1      1004    2000   17136       1    8235       1
CELAS1      1005    2000   16914       1    8013       1
1736 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
CELAS1      1006    2000   16692       1    7791       1
CELAS1      1007    2000   16470       1    7569       1
CELAS1      1008    2000   16248       1    7347       1
CELAS1      1009    2000   16026       1    7125       1
CELAS1      1010    2000   15804       1    6903       1
CELAS1      1011    2000   15582       1    6681       1
CELAS1      2001    3000   17802       2    8901       2
CELAS1      2002    3000   17580       2    8679       2
CELAS1      2003    3000   17358       2    8457       2
CELAS1      2004    3000   17136       2    8235       2
CELAS1      2005    3000   16914       2    8013       2
CELAS1      2006    3000   16692       2    7791       2
CELAS1      2007    3000   16470       2    7569       2
CELAS1      2008    3000   16248       2    7347       2
CELAS1      2009    3000   16026       2    7125       2
CELAS1      2010    3000   15804       2    6903       2
CELAS1      2011    3000   15582       2    6681       2
CQUAD4      6617       4    6677    6788    6789    6678
CQUAD4      6618       4    6678    6789    6790    6679
CQUAD4      6619       4    6679    6790    6791    6680
CQUAD4      6620       4    6680    6791    6792    6681

$
$ Property definitions
$
$HMCOLOR COMP     2000       1
PELAS       200010000.00                
$HMCOLOR COMP     3000       2
PELAS       300010000.00                
$HMNAME COMP        4 "noDesignable"
$HMCOLOR COMP        4       2
PSHELL         4       11.000000                                
$HMNAME COMP        7 "Designable"
$HMCOLOR COMP        7       1
PSHELL         7       21.000000                                
$HMCOLOR COMP     1000       3
PBUSH       1000K       1.000+121.000+12     0.01.000+12     0.0     0.0
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           1207000.0        .33000007.8000-9                        
$HMNAME MAT        2 "MAT1 1"
MAT1           2207000.0        .33000007.8000-9                        
$
$ Load definitions
$
$HMNAME LOADCOL           5 "Method 5"
EIGR           5     SMS        5.000000                        
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$HMNAME LOADCOL           4 "New Static Load 2"
FORCE          4   16712        100.0000     0.01.000000     0.0
$
$ Boundary Condition definitions
$
$HMNAME GCSET        4 "left2"
SPC            4    8897  123456     0.0
SPC            4    8786  123456     0.0
SPC            4    8675  123456     0.0
SPC            4    8564  123456     0.0
SPC            4    8453  123456     0.0
SPC            4    8342  123456     0.0
SPC            4    8231  123456     0.0
SPC            4    8120  123456     0.0
SPC            4    8009  123456     0.0
SPC            4    7898  123456     0.0
SPC            4    7787  123456     0.0
SPC            4    7676  123456     0.0
SPC            4    7565  123456     0.0
SPC            4    7454  123456     0.0
SPC            4    7343  123456     0.0
SPC            4    7232  123456     0.0
SPC            4    7121  123456     0.0
SPC            4    7010  123456     0.0
SPC            4    6899  123456     0.0
SPC            4    6788  123456     0.0
SPC            4    6677  123456     0.0
$
$ Parameters
$
PARAM    AUTOSPC     YES
PARAM     GRDPNT   16712
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
ENDDATA
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4.14.2 Output Data
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T014.out and is provided with the installation CD.
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4.15 Topology Optimzation with Inertia Responses

Example ID:
T015

Design Data Used:
TPROP,TRESP1(INERTIA), TOBJ, TCONS

Special Feature Used:
Inertia responses.

Problem Statement:
Maximize the Ixx moment of the inertia of the structure subjected to mass fraction constraint of 
0.60. 

Design Data Relationships:

Problem Description:
The  red elements are designable, the green elements  are not designable.The loads and boundary 
conditions are not important as in this problem only the geometric components are used in the 
optimization problem.

TPROP

TRESP1

 

TOBJ, TCONS

Initial Shape
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Results:
.Using 60% of the material the obejctive, Ixx, decreased from 179.1 to 171.2 (4% reduction) 

Design History:
    0     1.7905E+02        66.7%
    1     1.5483E+02        33.3%
    2     1.3060E+02         0.0%
    3     1.4845E+02         0.0%
    4     1.6648E+02         0.0%
    5     1.6857E+02         0.0%
    6     1.6987E+02         0.0%
    7     1.7085E+02         0.0%
    8     1.7108E+02         0.0%
    9     1.7116E+02         0.0%
   10     1.7119E+02         0.0%

Optimized Shape
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4.15.1 Input Data
The input data is given next. This input data is named T015.dat and is provided 
with the installation CD.

$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 8.0 (2005-11-01)
$ Exported on 2005-11-02 10:35
$----------------------------------------------------------------------$
ID T015
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES
LINE = 64,80
ECHO = NONE
APRINT=FLAST
DPRINT=FLAST
$
$ Loadcase definitions
$
DENSITY = POST
LOADCASE 1
   LABEL = DUMMY LOADCASE (NOT NEEDED FOR PURE INERTIA OPTIMIZATION)
   SPC = 2
   GRAV = 2
BEGIN BULK
$
$ Topology Optimization definitions
$
TPROP          2       2        1.000000    
$                    
TOBJ           4                MAX     
TRESP1         4SENERGY INERTIA                       10
$
TRESP1         3MASSFR  MASSFR                          
TCONS          3                .6000000
$
$ Coordinate systems
$
$
$ Grid points
$
GRID           1             0.0.8000000     0.0
GRID           2        .3970000.6940000     0.0
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GRID           3        .6900000.4050000     0.0
GRID           4        .8060000     0.0     0.0
GRID           5             0.01.200000     0.0
GRID           6        .48700001.130000     0.0
GRID           7        .9040000.9370000     0.0
GRID           8        1.204000.6730000     0.0
GRID           9             0.01.600000     0.0
GRID          10        .57700001.565000     0.0
GRID          11        1.1190001.468000     0.0
GRID          12        1.6020001.336000     0.0
GRID          13             0.02.000000     0.0
GRID          14        .66700002.000000     0.0
GRID          15        1.3330002.000000     0.0
GRID          16        2.0000002.000000     0.0
GRID          17             0.0-2.00000     0.0
GRID          18        .6670000-2.00000     0.0
GRID          19        1.333000-2.00000     0.0
GRID          20        2.000000-2.00000     0.0
GRID          21             0.0-1.60000     0.0
GRID          22        .5770000-1.56500     0.0
GRID          23        1.119000-1.46800     0.0
GRID          24        1.602000-1.33600     0.0
GRID          25             0.0-1.20000     0.0
GRID          26        .4870000-1.13000     0.0
GRID          27        .9040000-.937000     0.0
GRID          28        1.204000-.673000     0.0
GRID          29             0.0-.800000     0.0
GRID          30        .3970000-.694000     0.0
GRID          31        .6900000-.405000     0.0
GRID          32        -.806000     0.0     0.0
GRID          33        -.761000.2470000     0.0
GRID          34        -.647000.4700000     0.0
GRID          35        -.470000.6470000     0.0
GRID          36        -.247000.7610000     0.0
GRID          37        -1.20500     0.0     0.0
GRID          38        -1.14100.3710000     0.0
GRID          39        -.971000.7050000     0.0
GRID          40        -.705000.9710000     0.0
GRID          41        -.3710001.141000     0.0
GRID          42        -1.60400     0.0     0.0
GRID          43        -1.52200.4940000     0.0
GRID          44        -1.29400.9400000     0.0
GRID          45        -.9410001.294000     0.0
GRID          46        -.4940001.522000     0.0
GRID          47        -2.00300     0.0     0.0
GRID          48        -1.90200.6180000     0.0
GRID          49        -1.618001.175000     0.0
GRID          50        -1.176001.618000     0.0
GRID          51        -.6180001.902000     0.0
GRID          52        -1.94100-.483000     0.0
GRID          53        -1.67800-1.08900     0.0
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GRID          54        -1.23200-1.57600     0.0
GRID          55        -.651000-1.89100     0.0
GRID          56        -1.55800-.357000     0.0
GRID          57        -1.35400-.852000     0.0
GRID          58        -.997000-1.25100     0.0
GRID          59        -.528000-1.51000     0.0
GRID          60        -1.17600-.231000     0.0
GRID          61        -1.02900-.615000     0.0
GRID          62        -.762000-.926000     0.0
GRID          63        -.405000-1.13000     0.0
GRID          64        -.793000-.105000     0.0
GRID          65        -.705000-.377000     0.0
GRID          66        -.527000-.602000     0.0
GRID          67        -.281000-.749000     0.0
GRID          68        1.900000     0.0     0.0
GRID          69        3.000000     0.0     0.0
GRID          70        4.100000     0.0     0.0
GRID          71        5.200000     0.0     0.0
GRID          72        6.300000     0.0     0.0
GRID          73        7.400000     0.0     0.0
GRID          74        8.500000     0.0     0.0
GRID          75        9.600000     0.0     0.0
GRID          76        10.70000     0.0     0.0
GRID          77        11.80000     0.0     0.0
GRID          78        12.90000     0.0     0.0
GRID          79        14.00000     0.0     0.0
GRID          80        2.267000.6410000     0.0
GRID          81        3.333000.6150000     0.0
GRID          82        4.400000.5900000     0.0
GRID          83        5.467000.5640000     0.0
GRID          84        6.533000.5380000     0.0
GRID          85        7.600000.5130000     0.0
GRID          86        8.667000.4870000     0.0
GRID          87        9.733000.4620000     0.0
GRID          88        10.80000.4360000     0.0
GRID          89        11.86700.4100000     0.0
GRID          90        12.93300.3850000     0.0
GRID          91        14.00000.3590000     0.0
GRID          92        2.6330001.282000     0.0
GRID          93        3.6670001.231000     0.0
GRID          94        4.7000001.179000     0.0
GRID          95        5.7330001.128000     0.0
GRID          96        6.7670001.077000     0.0
GRID          97        7.8000001.026000     0.0
GRID          98        8.833000.9740000     0.0
GRID          99        9.867000.9230000     0.0
GRID         100        10.90000.8720000     0.0
GRID         101        11.93300.8210000     0.0
GRID         102        12.96700.7690000     0.0
GRID         103        14.00000.7180000     0.0
GRID         104        3.0000001.923000     0.0
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GRID         105        4.0000001.846000     0.0
GRID         106        5.0000001.769000     0.0
GRID         107        6.0000001.692000     0.0
GRID         108        7.0000001.615000     0.0
GRID         109        8.0000001.538000     0.0
GRID         110        9.0000001.462000     0.0
GRID         111        10.000001.385000     0.0
GRID         112        11.000001.308000     0.0
GRID         113        12.000001.231000     0.0
GRID         114        13.000001.154000     0.0
GRID         115        14.000001.077000     0.0
GRID         116        2.267000-.641000     0.0
GRID         117        3.333000-.615000     0.0
GRID         118        4.400000-.590000     0.0
GRID         119        5.467000-.564000     0.0
GRID         120        6.533000-.539000     0.0
GRID         121        7.600000-.513000     0.0
GRID         122        8.667000-.488000     0.0
GRID         123        9.733000-.462000     0.0
GRID         124        10.80000-.436000     0.0
GRID         125        11.86700-.411000     0.0
GRID         126        12.93300-.385000     0.0
GRID         127        14.00000-.360000     0.0
GRID         128        2.633000-1.28200     0.0
GRID         129        3.667000-1.23100     0.0
GRID         130        4.700000-1.18000     0.0
GRID         131        5.733000-1.12900     0.0
GRID         132        6.767000-1.07700     0.0
GRID         133        7.800000-1.02600     0.0
GRID         134        8.833000-.975000     0.0
GRID         135        9.867000-.924000     0.0
GRID         136        10.90000-.873000     0.0
GRID         137        11.93300-.821000     0.0
GRID         138        12.96700-.770000     0.0
GRID         139        14.00000-.719000     0.0
GRID         140        3.000000-1.92300     0.0
GRID         141        4.000000-1.84600     0.0
GRID         142        5.000000-1.77000     0.0
GRID         143        6.000000-1.69300     0.0
GRID         144        7.000000-1.61600     0.0
GRID         145        8.000000-1.53900     0.0
GRID         146        9.000000-1.46300     0.0
GRID         147        10.00000-1.38600     0.0
GRID         148        11.00000-1.30900     0.0
GRID         149        12.00000-1.23200     0.0
GRID         150        13.00000-1.15500     0.0
GRID         151        14.00000-1.07900     0.0
GRID         152        14.66800     0.0     0.0
GRID         153        15.33600     0.0     0.0
GRID         154        16.00500     0.0     0.0
GRID         155        14.65500.3340000     0.0
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GRID         156        15.31000.3090000     0.0
GRID         157        15.96300.2700000     0.0
GRID         158        14.58500.7090000     0.0
GRID         159        15.17100.6990000     0.0
GRID         160        15.75100.6600000     0.0
GRID         161        14.467001.041000     0.0
GRID         162        14.934001.005000     0.0
GRID         163        15.39300.9250000     0.0
GRID         164        14.51300-1.03900     0.0
GRID         165        15.02600-1.00000     0.0
GRID         166        15.29200-.956000     0.0
GRID         167        14.60800-.731000     0.0
GRID         168        15.21700-.742000     0.0
GRID         169        15.66000-.751000     0.0
GRID         170        14.66500-.377000     0.0
GRID         171        15.32900-.395000     0.0
GRID         172        15.91100-.412000     0.0
$
$ Element definitions
$
CQUAD4        49       2       4       8      80      68
CQUAD4        50       2      68      80      81      69
CQUAD4        51       2      69      81      82      70
CQUAD4        52       2      70      82      83      71
CQUAD4        53       2      71      83      84      72
CQUAD4        54       2      72      84      85      73
CQUAD4        55       2      73      85      86      74
CQUAD4        56       2      74      86      87      75
CQUAD4        57       2      75      87      88      76
CQUAD4        58       2      76      88      89      77
CQUAD4        59       2      77      89      90      78
CQUAD4        60       2      78      90      91      79
CQUAD4        61       2       8      12      92      80
CQUAD4        62       2      80      92      93      81
CQUAD4        63       2      81      93      94      82
CQUAD4        64       2      82      94      95      83
CQUAD4        65       2      83      95      96      84
CQUAD4        66       2      84      96      97      85
CQUAD4        67       2      85      97      98      86
CQUAD4        68       2      86      98      99      87
CQUAD4        69       2      87      99     100      88
CQUAD4        70       2      88     100     101      89
CQUAD4        71       2      89     101     102      90
CQUAD4        72       2      90     102     103      91
CQUAD4        73       2      12      16     104      92
CQUAD4        74       2      92     104     105      93
CQUAD4        75       2      93     105     106      94
CQUAD4        76       2      94     106     107      95
CQUAD4        77       2      95     107     108      96
CQUAD4        78       2      96     108     109      97
CQUAD4        79       2      97     109     110      98
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CQUAD4        80       2      98     110     111      99
CQUAD4        81       2      99     111     112     100
CQUAD4        82       2     100     112     113     101
CQUAD4        83       2     101     113     114     102
CQUAD4        84       2     102     114     115     103
CQUAD4        85       2       4      28     116      68
CQUAD4        86       2      68     116     117      69
CQUAD4        87       2      69     117     118      70
CQUAD4        88       2      70     118     119      71
CQUAD4        89       2      71     119     120      72
CQUAD4        90       2      72     120     121      73
CQUAD4        91       2      73     121     122      74
CQUAD4        92       2      74     122     123      75
CQUAD4        93       2      75     123     124      76
CQUAD4        94       2      76     124     125      77
CQUAD4        95       2      77     125     126      78
CQUAD4        96       2      78     126     127      79
CQUAD4        97       2      28      24     128     116
CQUAD4        98       2     116     128     129     117
CQUAD4        99       2     117     129     130     118
CQUAD4       100       2     118     130     131     119
CQUAD4       101       2     119     131     132     120
CQUAD4       102       2     120     132     133     121
CQUAD4       103       2     121     133     134     122
CQUAD4       104       2     122     134     135     123
CQUAD4       105       2     123     135     136     124
CQUAD4       106       2     124     136     137     125
CQUAD4       107       2     125     137     138     126
CQUAD4       108       2     126     138     139     127
CQUAD4       109       2      24      20     140     128
CQUAD4       110       2     128     140     141     129
CQUAD4       111       2     129     141     142     130
CQUAD4       112       2     130     142     143     131
CQUAD4       113       2     131     143     144     132
CQUAD4       114       2     132     144     145     133
CQUAD4       115       2     133     145     146     134
CQUAD4       116       2     134     146     147     135
CQUAD4       117       2     135     147     148     136
CQUAD4       118       2     136     148     149     137
CQUAD4       119       2     137     149     150     138
CQUAD4       120       2     138     150     151     139
CQUAD4         1       3       1       5       6       2
CQUAD4         2       3       2       6       7       3
CQUAD4         3       3       3       7       8       4
CQUAD4         4       3       5       9      10       6
CQUAD4         5       3       6      10      11       7
CQUAD4         6       3       7      11      12       8
CQUAD4         7       3       9      13      14      10
CQUAD4         8       3      10      14      15      11
CQUAD4         9       3      11      15      16      12
CQUAD4        10       3      17      21      22      18
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CQUAD4        11       3      18      22      23      19
CQUAD4        12       3      19      23      24      20
CQUAD4        13       3      21      25      26      22
CQUAD4        14       3      22      26      27      23
CQUAD4        15       3      23      27      28      24
CQUAD4        16       3      25      29      30      26
CQUAD4        17       3      26      30      31      27
CQUAD4        18       3      27      31       4      28
CQUAD4        19       3      32      37      38      33
CQUAD4        20       3      33      38      39      34
CQUAD4        21       3      34      39      40      35
CQUAD4        22       3      35      40      41      36
CQUAD4        23       3      36      41       5       1
CQUAD4        24       3      37      42      43      38
CQUAD4        25       3      38      43      44      39
CQUAD4        26       3      39      44      45      40
CQUAD4        27       3      40      45      46      41
CQUAD4        28       3      41      46       9       5
CQUAD4        29       3      42      47      48      43
CQUAD4        30       3      43      48      49      44
CQUAD4        31       3      44      49      50      45
CQUAD4        32       3      45      50      51      46
CQUAD4        33       3      46      51      13       9
CQUAD4        34       3      47      42      56      52
CQUAD4        35       3      52      56      57      53
CQUAD4        36       3      53      57      58      54
CQUAD4        37       3      54      58      59      55
CQUAD4        38       3      55      59      21      17
CQUAD4        39       3      42      37      60      56
CQUAD4        40       3      56      60      61      57
CQUAD4        41       3      57      61      62      58
CQUAD4        42       3      58      62      63      59
CQUAD4        43       3      59      63      25      21
CQUAD4        44       3      37      32      64      60
CQUAD4        45       3      60      64      65      61
CQUAD4        46       3      61      65      66      62
CQUAD4        47       3      62      66      67      63
CQUAD4        48       3      63      67      29      25
CQUAD4       121       3      79      91     155     152
CQUAD4       122       3     152     155     156     153
CQUAD4       123       3     153     156     157     154
CQUAD4       124       3      91     103     158     155
CQUAD4       125       3     155     158     159     156
CQUAD4       126       3     156     159     160     157
CQUAD4       127       3     103     115     161     158
CQUAD4       128       3     158     161     162     159
CQUAD4       130       3     151     139     167     164
CQUAD4       131       3     164     167     168     165
CQUAD4       133       3     139     127     170     167
CQUAD4       134       3     167     170     171     168
CQUAD4       135       3     168     171     172     169
1748 Design Examples Manual November 2009 GENESIS



Design Examples: Topology
CQUAD4       136       3     127      79     152     170
CQUAD4       137       3     170     152     153     171
CQUAD4       138       3     171     153     154     172
CTRIA3       140       3     160     159     163
CTRIA3       141       3     159     162     163
CTRIA3       142       3     165     168     166
CTRIA3       143       3     168     169     166
$
$ Property definitions
$
$HMCOLOR COMP        2       1
PSHELL         2       1.5000000       1               1        
$HMCOLOR COMP        3       2
PSHELL         3       3.5000000       3               3        
$HMNAME COMP        4 "Copy of "
$HMCOLOR COMP        4       2
PSHELL         4       1.5000000       1               1        
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           12.0000+7        .25000007.260000                        
$HMNAME MAT        3 "MAT1 3"
MAT1           32.0000+7        .25000007.260000                        
$
$ Load definitions
$
$HMNAME LOADCOL           1 "Method 1"
$HMNAME LOADCOL           2 "Gravity"
GRAV           2        981.000      0.0     0.0-1.00000
$
$ Boundary Condition definitions
$
$HMNAME GCSET        2 "Left"
SPC            2      67  123456     0.0
SPC            2      66  123456     0.0
SPC            2      65  123456     0.0
SPC            2      64  123456     0.0
SPC            2      36  123456     0.0
SPC            2      35  123456     0.0
SPC            2      34  123456     0.0
SPC            2      33  123456     0.0
SPC            2      32  123456     0.0
SPC            2      31  123456     0.0
SPC            2      30  123456     0.0
SPC            2      29  123456     0.0
SPC            2       4  123456     0.0
SPC            2       3  123456     0.0
SPC            2       2  123456     0.0
SPC            2       1  123456     0.0
$
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$ Parameters
$
PARAM     GRDPNT       0
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
ENDDATA
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4.15.2 Output
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T015.out and is provide with the installation CD.
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2004           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 8.0

                             BUILD CODE 200510211154 BETA

     PROJECT NAME: T015                
     RUN STARTED:  Nov  2, 2005 14:59
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000           
     LENVEC:           10000000

1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    1
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    172
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        136
                   NUMBER OF CTRIA3->PSHELL ELEMENTS:          4
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       140
                   NUMBER OF ELEMENT PROPERTIES:              75
                   NUMBER OF MATERIALS:                       74
                   NUMBER OF DEGREES OF FREEDOM:             936

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MAXIMIZE             
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:      72
                  NUMBER OF DESIGNABLE ELEMENTS:                  72
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    2
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    3
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.915644E+02
                    SYSTEM VOLUME            2.638628E+01
                    SYSTEM MASS/VOLUME       7.260000E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    4
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.801E+01  4.000E+00  0.000E+00  7.203E+01  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    5
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL :  1.799578E-11 ; STRAIN ENERGY :  2.040288E+06
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    6
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00 -1.8792E+05  5.0115E+01  1.1747E+06  0.0000E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    7
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.8792E+05 -5.0115E+01 -1.1747E+06  0.0000E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    8
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       68     2.4957E+03  0.0000E+00  0.0000E+00 -2.4957E+03
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE    9
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                        M A X I M U M   S P C   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1        4     2.9388E+05  0.0000E+00  0.0000E+00  2.9388E+05
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   10
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      154     7.6326E+01  0.0000E+00  0.0000E+00 -7.6326E+01
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   11
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   12
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                   R I G I D   B O D Y   M A S S   M A T R I X
               I N   B A S I C   C O O R D I N A T E   S Y S T E M
                           A T   G R D P N T  =        0

       MX          MXY          MXZ         MTR11         MTR12       MTR13
       MYX         MY           MYZ         MTR21         MTR22       MTR23
       MZX         MZY          MZ          MTR31         MTR32       MTR33
      MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
      MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
      MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 

   1.91564E+02  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00  5.10859E-02
   0.00000E+00  1.91564E+02  0.00000E+00  0.00000E+00  0.00000E+00  1.19742E+03
   0.00000E+00  0.00000E+00  1.91564E+02 -5.10859E-02 -1.19742E+03  0.00000E+00
   0.00000E+00  0.00000E+00 -5.10859E-02  1.79053E+02  7.05602E-01  0.00000E+00
   0.00000E+00  0.00000E+00 -1.19742E+03  7.05602E-01  1.18705E+04  0.00000E+00
   5.10859E-02  1.19742E+03  0.00000E+00  0.00000E+00  0.00000E+00  1.20496E+04
  

                      P R I N C I P A L   I N E R T I A S 
                          A T   G R D P N T  =       0

                       I1             I2             I3
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                  1.204958E+04   1.187053E+04   1.790527E+02
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                          A T   G R D P N T   =       0

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  0.000000E+00   6.035183E-05  -1.000000E+00
                  0.000000E+00   1.000000E+00   6.035183E-05
                  1.000000E+00   0.000000E+00   0.000000E+00
  

                       C E N T E R   O F   G R A V I T Y 
             W I T H   R E S P E C T   T O   G R D P N T  =       0
     DIRECTION
 MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

        X         1.915644E+02   0.000000E+00  -2.666775E-04   0.000000E+00
        Y         1.915644E+02   6.250750E+00   0.000000E+00   0.000000E+00
        Z         1.915644E+02   6.250750E+00  -2.666775E-04   0.000000E+00
  
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   13
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                         S Y S T E M   I N E R T I A S 
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                    A T   C E N T E R   O F   G R A V I T Y

                       IXX            IXY            IXZ
                       IYX            IYY            IYZ
                       IZX            IZY            IZZ

                  1.790527E+02  -3.862765E-01   0.000000E+00
                 -3.862765E-01   4.385745E+03   0.000000E+00
                  0.000000E+00   0.000000E+00   4.564798E+03
  

                      P R I N C I P A L   I N E R T I A S 
                    A T   C E N T E R   O F   G R A V I T Y

                       I1             I2             I3

                  4.564798E+03   4.385745E+03   1.790527E+02
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              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                    A T   C E N T E R   O F   G R A V I T Y

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  0.000000E+00   9.182428E-05  -1.000000E+00
                  0.000000E+00   1.000000E+00   9.182428E-05
                  1.000000E+00   0.000000E+00   0.000000E+00
  
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   14
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.790527E+02
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   15
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             1.000000E+00  UB   6.000000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   16
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         
--------------------------------------------------------------------
NOTE: Intermediate results has been deleted in pupose to save space
--------------------------------------------------------------------
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               ****************************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   98
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.342042E+02
                    SYSTEM VOLUME            2.638628E+01
                    SYSTEM MASS/VOLUME       5.086135E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE   99
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.801E+01  4.000E+00  0.000E+00  7.203E+01  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  100
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -5.604472E-13 ; STRAIN ENERGY :  1.667686E+06
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  101
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00 -1.3165E+05  8.6337E+01  7.4208E+05  0.0000E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  102
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  1.3165E+05 -8.6337E+01 -7.4208E+05  0.0000E+00
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  103
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 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       92     2.4235E+03  0.0000E+00  0.0000E+00 -2.4235E+03
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  104
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1       31     1.4106E+05  0.0000E+00  0.0000E+00  1.4106E+05
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  105
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1      154     1.0304E+02  0.0000E+00  0.0000E+00 -1.0304E+02
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  106
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  107
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                   R I G I D   B O D Y   M A S S   M A T R I X
               I N   B A S I C   C O O R D I N A T E   S Y S T E M
                           A T   G R D P N T  =        0

       MX          MXY          MXZ         MTR11         MTR12       MTR13
       MYX         MY           MYZ         MTR21         MTR22       MTR23
       MZX         MZY          MZ          MTR31         MTR32       MTR33
      MTR11       MTR21        MTR31         IXX          -IXY        -IXZ
      MTR12       MTR22        MTR32        -IYX           IYY        -IYZ
      MTR13       MTR23        MTR33        -IZX          -IZY         IZZ 
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   1.34204E+02  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00  8.80088E-02
   0.00000E+00  1.34204E+02  0.00000E+00  0.00000E+00  0.00000E+00  7.56451E+02
   0.00000E+00  0.00000E+00  1.34204E+02 -8.80088E-02 -7.56451E+02  0.00000E+00
   0.00000E+00  0.00000E+00 -8.80088E-02  1.71191E+02  1.12425E+00  0.00000E+00
   0.00000E+00  0.00000E+00 -7.56451E+02  1.12425E+00  7.57997E+03  0.00000E+00
   8.80088E-02  7.56451E+02  0.00000E+00  0.00000E+00  0.00000E+00  7.75116E+03
  

                      P R I N C I P A L   I N E R T I A S 
                          A T   G R D P N T  =       0

                       I1             I2             I3

                  7.751160E+03   7.579969E+03   1.711904E+02
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                          A T   G R D P N T   =       0

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  0.000000E+00   1.517451E-04  -1.000000E+00
                  0.000000E+00   1.000000E+00   1.517451E-04
                  1.000000E+00   0.000000E+00   0.000000E+00
  

                       C E N T E R   O F   G R A V I T Y 
             W I T H   R E S P E C T   T O   G R D P N T  =       0
     DIRECTION
 MASS AXIS SYSTEM     MASS          X-C.G.         Y-C.G.         Z-C.G.

        X         1.342042E+02   0.000000E+00  -6.557831E-04   0.000000E+00
        Y         1.342042E+02   5.636566E+00   0.000000E+00   0.000000E+00
        Z         1.342042E+02   5.636566E+00  -6.557831E-04   0.000000E+00
  
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  108
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                         S Y S T E M   I N E R T I A S 
              I N   B A S I C   C O O R D I N A T E   S Y S T E M
                    A T   C E N T E R   O F   G R A V I T Y

                       IXX            IXY            IXZ
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                       IYX            IYY            IYZ
                       IZX            IZY            IZZ

                  1.711905E+02  -6.281782E-01   0.000000E+00
                 -6.281782E-01   3.316184E+03   0.000000E+00
                  0.000000E+00   0.000000E+00   3.487375E+03
  

                      P R I N C I P A L   I N E R T I A S 
                    A T   C E N T E R   O F   G R A V I T Y

                       I1             I2             I3

                  3.487375E+03   3.316184E+03   1.711904E+02
  

              P R I N C I P A L   I N E R T I A   D I R E C T I O N S 
                    A T   C E N T E R   O F   G R A V I T Y

                       X1             X2             X3
                       Y1             Y2             Y3
                       Z1             Z2             Z3

                  0.000000E+00   1.997391E-04  -1.000000E+00
                  0.000000E+00   1.000000E+00   1.997391E-04
                  1.000000E+00   0.000000E+00   0.000000E+00
  
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  109
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.711906E+02
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  110
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
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    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             5.982087E-01  UB   6.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  111
 TOPOLOGY OPTIMIZATION WITH INERTIA RESPONSES                            
                                                                         

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.791E-01 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  8.0                   DATE 11-02-2005  TIME 14:59  PAGE  112
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.7905E+02        66.7%
    1     1.5483E+02        33.3%
    2     1.3060E+02         0.0%
    3     1.4845E+02         0.0%
    4     1.6648E+02         0.0%
    5     1.6857E+02         0.0%
    6     1.6987E+02         0.0%
    7     1.7085E+02         0.0%
    8     1.7108E+02         0.0%
    9     1.7116E+02         0.0%
   10     1.7119E+02         0.0%
1                            ***** END OF OUTPUT *****
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4.16 Topology Optimization with Buckling Load Factor 
Constraints and Fabrication Constraints 

Example ID:
T016

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1 (LAMA), TSYM3

Special Features Used:
Buckling load factor response in TRESP1 (LAMA)
Fabrication constraints to enforce double symmetry and a minimum member size of 0.5 units.

Problem Statement:
The Structure is modeled with quadrilateral elements subjected to tip loads in one end and 
restricted to move in the other. 

Design Problem: 
Minimize the global strain energy of the static loadcase. The model is subject to a 65% mass con-
straint and the lowest buckling should be greater thatn2.0. In addition, the structure is forced to be 
double symmetric with respect to its center.

Problem Description:
1. The designable domain was discretized with 1427 CQUAD4 elements. 
2. Loadcase 1: The tip of the structure is loaded with compression loads while the 

opposite side is constrained
3. Loadcase 2: Bucking load case.. 
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Results:
The program reduced the objective function (strain energy) from 7.92E-2 to 6.67E-2 using 276   
independent design variables. The lower buckling load factor was increased from 1.49 to 2.04 
(required value was above 2.0 to obtain a safety factor of at least 2.0). The structure as enforced is 
double symmetric. 
The following figure shows the final topology results. The red part represents the material to 
retain, in this case the green part is not designable.

 
 The following figure shows the six lowest buckling modes of the final design. The lowest mode, 
mode 1, is on the top left, mode 2 is on its right and so on.

Notes:
When solving problem with buckling constraints it is recommend to include more than one con-
stratin. In other words, not just constraint the lowest (mode 1) but also mode 2, 3 or as many as 
needed. The reason is that very often in the optimum there are multiple repeated modes with the 
value of the lower bound. However, in this case that does not happen as all the lowest resultant 
modes are global. 
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4.16.1 Input Data
The input data is given next. This input data is named T016.dat and is provided 
with the installation CD.

$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 9.0 (2006-11-21)
$ Exported on 2006-11-29 18:41
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS
SUBTITLE = AND FABRICATION CONSTRAINTS
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
DPRINT=FLAST
APRINT=FLAST
$
$ Loadcase definitions
$
LOADCASE 1
   LABEL = FINAL
   SPC = 1000
   LOAD = 2000
LOADCASE 2
   LABEL = Buckling
   METHOD = 1
   STATSUB = 1
   DISP = POST,ALL
BEGIN BULK
$
$ Parameters
$
PARAM    AUTOSPC     YES
DOPT         25
$
$ Topology Optimization definitions
$
TPROP          3       3        .6500000                               3
TSYM3          3       2
+            MZX     MYZ      EZ
+       .5000000.2500000
$HMNAME TRESP       14 “Obj6”
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TRESP1        14    Obj6 SENERGY        
TOBJ          14               1        
$HMNAME TRESP        1 “DEFAULT”
TRESP1         1 DEFAULT  MASSFR                        
TCONS          1                .6500000
$HMNAME TRESP        2 “LAMA1”
TRESP1         2   LAMA1    LAMA       1
TCONS          2       22.000000        
$HMNAME TRESP        3 “LAMA2”
TRESP1         3   LAMA2    LAMA       2
TCONS          3       22.500000        
$HMNAME TRESP        4 “LAMA3”
TRESP1         4   LAMA3    LAMA       3
TCONS          4       23.000000        
$HMNAME TRESP        5 “LAMA4”
TRESP1         5   LAMA4    LAMA       4
TCONS          5       23.500000        
$HMNAME TRESP        6 “LAMA5”
TRESP1         6   LAMA5    LAMA       5
TCONS          6       24.000000        
$
$ Shape/Sizing/Topograpy/Topometry Optimization definitions
$
$
$ Property definitions
$
$HMCOLOR COMP        3       1
PSHELL         3       11.000000       1                        
$HMCOLOR COMP        2       2
PSHELL         2       11.000000       1                        
$
$ Material definitions
$
$HMNAME MAT        1 “MAT1 1”
MAT1           1207000.0        .33000007.8000-3     0.0     0.0     0.0
$
$ Load definitions
$
$HMNAME LOADCOL        1 “Method 1”
EIGR           1     LAN1.0000-4                       8     MAX
$HMNAME LOADCOL     2000 “Load Set 2000”
FORCE       2000    9103        5.000000-1.00000     0.0     0.0
FORCE       2000    9007        5.000000-1.00000     0.0     0.0
FORCE       2000    9019        10.00000-1.00000     0.0     0.0
FORCE       2000    9013        10.00000-1.00000     0.0     0.0
FORCE       2000    9097        10.00000-1.00000     0.0     0.0
FORCE       2000    9091        10.00000-1.00000     0.0     0.0
$
$ Boundary Condition definitions
$
$HMNAME GCSET     1000 “SPC Set 1000”
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SPC         1000    8680  123456     0.0
SPC         1000    8569  123456     0.0
SPC         1000    8458  123456     0.0
SPC         1000    8347  123456     0.0
SPC         1000    8236  123456     0.0
SPC         1000    8125  123456     0.0
SPC         1000    8014  123456     0.0
SPC         1000    7903  123456     0.0
SPC         1000    7792  123456     0.0
SPC         1000    7681  123456     0.0
SPC         1000    7570  123456     0.0
SPC         1000    7459  123456     0.0
SPC         1000    7348  123456     0.0
SPC         1000    7237  123456     0.0
SPC         1000    7126  123456     0.0
SPC         1000    7015  123456     0.0
SPC         1000    6904  123456     0.0
$
$ Coordinate systems
$
$HMNAME SYSTCOL        2 “New Coord. Sys. 2”
CORD2R         2        33.50000-15.0000     0.033.50000-15.000010.00000
+       43.50000-15.0000     0.0
$
$ Grid points
$

---------------------------------------------------------------------
Parts of the listing of this file has been deleted to reduce space
---------------------------------------------------------------------

ENDDATA
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4.16.2 Output
The ouptput data is quite large so only a porsion of it is given here. This output file is named 
T016.out and is provide with the installation CD.
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2006           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611291804 BETA

     PROJECT NAME: T016
     RUN STARTED:  Nov 30, 2006 08:51
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    1
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 SUBTITLE = AND FABRICATION CONSTRAINTS                                          
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DENSITY = POST                                                                  
 DPRINT=FLAST                                                                    
 APRINT=FLAST                                                                    
                                                                                 
                                                                                 
                                                                                 
 LOADCASE 1                                                                      
    LABEL = FINAL                                                                
    SPC = 1000                                                                   
    LOAD = 2000                                                                  
 LOADCASE 2                                                                      
    LABEL = BUCKLING                                                             
    METHOD = 1                                                                   
    STATSUB = 1                                                                  
    DISP = POST,ALL                                                              
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    2
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             
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                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 PARAM   AUTOSPC YES                                                             
 DOPT    25                                                                      
 ENDDATA

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    3
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   1581
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:       1472
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      1472
                   NUMBER OF ELEMENT PROPERTIES:            1106
                   NUMBER OF MATERIALS:                     1105
                   NUMBER OF DEGREES OF FREEDOM:            9384

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:        276
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       1104
                  TOTAL NUMBER OF DESIGN VARIABLES:             1380
                  NUMBER OF DESIGNABLE ELEMENTS:                1104
                  NUMBER OF TOPOLOGY RESPONSES:                    7
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:       12

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  NUMBER OF BUCKLING LOAD CASES:                 1
                  TOTAL NUMBER OF LOAD CASES:                    2
 

GENESIS November 2009 Design Examples Manual 1769



Design Examples: Topology
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    4
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT                       EVALUES     NEW     TERM.     CPU
  COUNT       VALUE                        BELOW     FOUND    CODE      TIME
  -----   -------------                   -------   -------   -----   --------
      1    1.000000E+00                         0         8       2       4.92
      2    2.129888E+02                         8         0      10       0.59
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    5
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    6
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.116920E+00
                    SYSTEM VOLUME            3.680000E+02
                    SYSTEM MASS/VOLUME       5.752500E-03
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    7
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.600E+01  8.000E+00  0.000E+00  3.680E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    8
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -3.160974E-13 ; STRAIN ENERGY :  7.926032E-02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE    9
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             
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                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -5.0000E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00 -7.5000E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   10
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  5.0000E+01  5.7683E-12  0.0000E+00  0.0000E+00  0.0000E+00  7.5000E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   11
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     9013     1.0000E+01 -1.0000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   12
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     8569     6.8417E+00  6.8116E+00  6.4163E-01  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   13
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     9103     3.2103E-03 -3.2037E-03 -2.0471E-04  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   14
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             
 BUCKLING                                                     LOADCASE         2

                 B U C K L I N G   L O A D   F A C T O R S
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     MODE  BUCKLING LOAD FACTOR

        1     1.490961E+00
        2     1.349423E+01
        3     3.778863E+01
        4     7.461399E+01
        5     1.240369E+02
        6     1.368970E+02
        7     1.740643E+02
        8     1.860395E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   15
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   16
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  7.926032E-02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   17
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             6.500000E-01  UB   6.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   18
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
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 AND FABRICATION CONSTRAINTS                                             

  CONSTRAINT

                              LAMA           
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                  MODE         ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                     1             2    1.490961E+00  LB   2.000000E+00   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE   19
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                         LANCZOS EIGENSOLUTION STATISTICS

  SHIFT       SHIFT                       EVALUES     NEW     TERM.     CPU
  COUNT       VALUE                        BELOW     FOUND    CODE      TIME
  -----   -------------                   -------   -------   -----   --------
      1    1.490961E+00                         0        10       2       4.07
      2    2.335501E+02                         8         0      10       0.61

---------------------------------------------------
Part of this file has been deleted to reduce space 
---------------------------------------------------

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  240
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

               ****************************************************
               *  D E S I G N  C Y C L E     21 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  241
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
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 AND FABRICATION CONSTRAINTS                                             

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              2.112723E+00
                    SYSTEM VOLUME            3.680000E+02
                    SYSTEM MASS/VOLUME       5.741095E-03
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  242
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   4.600E+01  8.000E+00  0.000E+00  3.680E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  243
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -5.228471E-13 ; STRAIN ENERGY :  6.671221E-02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  244
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1 -5.0000E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00 -7.5000E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  245
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  5.0000E+01  4.1158E-12  0.0000E+00  0.0000E+00  0.0000E+00  7.5000E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  246
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                    M A X I M U M   A P P L I E D   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     9013     1.0000E+01 -1.0000E+01  0.0000E+00  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  247
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     7015     5.6934E+00  5.6645E+00 -5.7264E-01  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  248
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     9007     6.2613E-03 -3.1418E-03  5.4160E-03  0.0000E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  249
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             
 BUCKLING                                                     LOADCASE         2

                 B U C K L I N G   L O A D   F A C T O R S

     MODE  BUCKLING LOAD FACTOR

        1     2.047121E+00
        2     1.859798E+01
        3     2.172981E+01
        4     5.181534E+01
        5     8.590418E+01
        6     1.012652E+02
        7     1.249421E+02
        8     1.681664E+02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  250
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

               ********************************************
               *  D E S I G N  C Y C L E     21 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  251
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
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 AND FABRICATION CONSTRAINTS                                             

               ********************************************
               *  D E S I G N  C Y C L E     21 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.671221E-02
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  252
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             6.480504E-01  UB   6.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  253
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

  CONSTRAINT

                              LAMA           
   -------------------------------------------------------------------------
--
                            LOADCASE      RESPONSE   BOUND   BOUND     BOUND
                  MODE         ID         VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
                     1             2    2.047121E+00  LB   2.000000E+00   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  254
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

                       ***********************************
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                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 7.926E-05 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME  8:51  PAGE  255
 TOPOLOGY OPTIMIZATION WITH BUCKLING LOAD CONSTRAINTS                    
 AND FABRICATION CONSTRAINTS                                             

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     7.9260E-02        25.5%
    1     7.5686E-02        22.3%
    2     7.4551E-02        21.7%
    3     7.2905E-02        20.1%
    4     7.0335E-02        16.7%
    5     6.7404E-02        11.8%
    6     6.6397E-02         6.8%
    7     6.8155E-02         3.1%
    8     7.0297E-02         1.0%
    9     7.2356E-02         0.0%
   10     7.1045E-02         0.0%
   11     6.9860E-02         0.0%
   12     6.9079E-02         0.0%
   13     6.8508E-02         0.0%
   14     6.8048E-02         0.0%
   15     6.7638E-02         0.0%
   16     6.7340E-02         0.0%
   17     6.7111E-02         0.0%
   18     6.6957E-02         0.0%
   19     6.6843E-02         0.0%
   20     6.6775E-02         0.0%
   21     6.6712E-02         0.0%
1                            ***** END OF OUTPUT *****
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4.17 Topology Optimization of Simple Supported Plate, Direct 
Displacement Minimization to Increase Overall Stiffness   

Example ID:
T013

Design Data Used:
TOBJ, TCONS, TPROP, TRESP1 (DDISP), TSYM3

Special Features Used:
Dynamic (Direct) Displacement  response

Problem Statement:
Square plate modeled with quadrilateral elements subjected to center point  loads.

Design Problem: 
Minimize the modal displacement at the center of the plate. The model is subject to a 40% mass 
constraint.

Problem Description:
1. The designable domain was discretized with 324 CQUAD4 elements. 
2. Loadcase 1: Point load applied cyclically at 100 Hz 

Results:
The program reduced the maximum contraint violation from 75% to 0.0. To satisfy the constraint 
the  objective function increased from  0.92 to 1.60 
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The following figure shows the initial and final density distributions. .

 
The following figure shows two alternative way to see the final results The left figure is the 
TSURF file.wihch is  created by GENESIS. The  figure on the righ is the isodensity generated by 
Design Studio.
GENESIS November 2009 Design Examples Manual 1779



Design Examples: Topology
4.17.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named T017.dat and is provide with the installation CD.

ID T017
POST=PUNCH
CEND
TITLE=  TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                  
SUBTITLE= DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS              
ECHO = sort(tobj)
LINE = *,80
DENSITY=POST
DPRINT=FLAST
LOADCASE      300
   LABEL=POINT LOAD AT CENTER OF PLATE                                                        
   DLOAD = 200
   FREQ = 100
   spc=200
BEGIN BULK
RLOAD3  200     181     3       100.0
FREQ    100     100.0
$
$
TPROP          4       4        0.7                        
TRESP1  100     DDISP   DDISP                   3       181
TOBJ 100DDISP 300 MIN   
$
TRESP1  1404    MASSFR  MASSFR                   
TCONS 1404 0.4
$
$ OBJECTIVE FUNCTION
$
$  --- DESIGN DATA ---
ECHOON
DOPT 30
ECHOOFF
$
FORCE          1     181        100.0000     0.0     0.01.000000
$
$
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4.17.2 Output
The ouptput data is quite large so only a portion of it is given here. This output file is named 
T017.out and is provide with the installation CD.
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2006           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 9.0

                             BUILD CODE 200611301147 BETA

     PROJECT NAME: T017
     RUN STARTED:  Nov 30, 2006 15:26
     SYSTEM TYPE:  Sun SunOS 5.9 SUNW,Sun-Blade-1000
     LENVEC:              10000000

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    1
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 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

  
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    2
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    361
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        324
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       324
                   NUMBER OF ELEMENT PROPERTIES:             325
                   NUMBER OF MATERIALS:                      325
                   NUMBER OF DEGREES OF FREEDOM:            2154

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE     MDISP   
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     324
                  NUMBER OF DESIGNABLE ELEMENTS:                 324
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF DIRECT DYNAMIC LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    3
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    4
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          
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                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.061424E-06
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       5.460000E-09
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    5
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    6
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  9.207997E-01
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE    7
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             7.000000E-01  UB   4.000000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED

------------------------------------------------------
This portion of the file has been cut to reduce space.
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------------------------------------------------------

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   66
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              6.047082E-07
                    SYSTEM VOLUME            1.944000E+02
                    SYSTEM MASS/VOLUME       3.110639E-09
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   67
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.800E+01  1.800E+01  0.000E+00  3.240E+02  0.000E+00  0.000E+00  0.000E+00

1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   68
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

               ********************************************
               *  D E S I G N  C Y C L E     30 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.601413E+00
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   69
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
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              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             3.987998E-01  UB   4.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   70
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

                       ***********************************
                       *             WARNING             *
                       * MAXIMUM NUMBER OF DESIGN CYCLES *
                       ***********************************

 MAXIMUM NUMBER OF DESIGN CYCLES HAVE BEEN COMPLETED.
1GENESIS   VERSION  9.0                   DATE 11-30-2006  TIME 15:26  PAGE   71
 TOPOLOGY OPTIMIZATION OF A SIMPLE SUPPORTED PLATE                       
 DIRECT DISPLACEMENT MINIMIZATION TO INCREASE OVERALL STIFFNESS          

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     9.2080E-01        75.0%
    1     2.5310E+00        25.0%
    2     5.0268E+00         0.0%
    3     5.2287E+00         0.0%
    4     4.2593E+00         0.0%
    5     4.1493E+00         0.0%
    6     4.2770E+00         0.0%
    7     4.0419E+00         0.0%
    8     3.9962E+00         0.0%
    9     3.9426E+00         0.0%
   10     3.8806E+00         0.0%
   11     3.8148E+00         0.0%
   12     3.6978E+00         0.0%
   13     3.5400E+00         0.0%
   14     3.3465E+00         0.0%
   15     3.1401E+00         0.0%
   16     2.9369E+00         0.0%
   17     2.7272E+00         0.0%
   18     2.5123E+00         0.0%
   19     2.3231E+00         0.0%
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   20     2.1586E+00         0.0%
   21     2.0196E+00         0.0%
   22     1.9303E+00         0.0%
   23     1.8668E+00         0.0%
   24     1.8044E+00         0.0%
   25     1.7475E+00         0.0%
   26     1.7045E+00         0.0%
   27     1.6722E+00         0.0%
   28     1.6446E+00         0.0%
   29     1.6221E+00         0.0%
   30     1.6014E+00         0.0%
 ***** THERE WERE        2 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.18 Solid Block Subject to Torsional Loads with Stampable 
Sheet Constraints - Use of Two Layers With No Punch 
Holes

Example ID:
T018

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing a stampable sheet fabrication constraint in the +z direction: S2Z on a TSYM3 data.The 
desired structure will be buildable with 2 stamped sheets with no punched holes and a specified 
thickness. 

Problem Statement:
The solid block is modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint (Similar to T019, T020 and T021)
Enforce a stamping constraints on the z direction

Problem Description:
1. The designable domain was discretized with 3840 CHEXA elements. 
2. The back of the block has it four corner constrained. 
3. The front of the block is loaded with torsional loads 

          Stamping direction
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 Results:
The following two figures show the obtained topology results.The pictures show that 2 layers 
were obtained. The two layers form a close section in the front.
  

The following figure shows the isodensity results corresponding to the final design cycle.

Note:
Compare this problem with problem T019. In T019 there are holes punched through the two lay-
ers. Compare this problem with problems T020 and T021. In each of these two problems, one 
layer is used. 
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4.18.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named T018.dat and is provide with the installation CD.

ID T018
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.0 (2008-04-17)
$ Exported on 2008-05-01 17:08
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES
SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Loadcase definitions
$
SUBCASE 3
   LABEL = TORSION LOAD
   SPC = 3002
   LOAD = 300
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
TPROP          6       6        .3000000                               6
+       3.000000        
TSYM3          6      11
+            S2Z     MZX
+       .5000000     0.0
+       .5000000     no 1.0000-3     0.0
$HMNAME TRESP     1002 “SE”
TRESP1      1002      SE SENERGY        
TOBJ        1002               3        
$HMNAME TRESP       11 “SECT11”
TRESP1        11  SECT11  MASSFR    PROP                       6
TCONS         11                .3000000
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$
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4.18.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200805011501 BETA

     PROJECT NAME: T018
     RUN STARTED:  May  2, 2008 16:44
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    1
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID T018                                                                         
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                   
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DENSITY = POST                                                                  
                                                                                 
                                                                                 
                                                                                 
 SUBCASE 3                                                                       
    LABEL = TORSION LOAD                                                         
    SPC = 3002                                                                   
    LOAD = 300                                                                   
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    2
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                           ---  BULKDATA SECTION  ---

 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    3
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   4675
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                3840
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      3840
                   NUMBER OF ELEMENT PROPERTIES:            3842
                   NUMBER OF MATERIALS:                     3841
                   NUMBER OF DEGREES OF FREEDOM:           14013

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:         90
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:      11520
                  TOTAL NUMBER OF DESIGN VARIABLES:            11610
                  NUMBER OF DESIGNABLE ELEMENTS:                3840
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    4
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    5
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              3.537589E+05
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                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       5.895982E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    6
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    7
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  5.786888E-16 ; STRAIN ENERGY :  5.125256E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    8
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE    9
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -6.7074E-11  4.1256E-11  3.2608E-11  6.0000E+03 -6.7861E-10  1.3971E-09
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   10
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   11
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
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 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3998     4.1976E+02 -3.2156E+01  1.9277E+02  3.7149E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   12
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     5.1253E+03  7.9012E-15 -3.3110E-12 -5.1253E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   13
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   14
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.125256E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   15
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             7.501250E-01  UB   3.000000E-01   V
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                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE   16
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

This output file has been cut in purpose to reduce space.
          

               ****************************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  125
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.389418E+05
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       2.315697E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  126
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  127
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  7.014446E-13 ; STRAIN ENERGY :  2.191627E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  128
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  129
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -2.9140E-10  3.5131E-09 -5.2277E-10  6.0000E+03  8.0010E-09  6.0574E-08
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  130
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  131
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3686     5.3617E+02 -1.3553E+02 -2.5198E+02 -4.5344E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  132
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3    12328     2.4730E-01  6.3558E-02 -1.9935E-01 -1.3181E-01
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  133
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  134
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  2.191627E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  135
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             2.946180E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  136
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 5.125E+03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:44  PAGE  137
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - NO HOLES          
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION
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    0     5.1253E+06       150.0%
    1     1.3980E+03       150.2%
    2     2.0190E+02       133.3%
    3     8.5503E+01       117.0%
    4     5.4320E+01       101.2%
    5     2.8379E+01        82.2%
    6     5.6596E+01        66.9%
    7     2.2064E+01        50.0%
    8     2.9094E+01        32.3%
    9     3.2784E+01        14.9%
   10     2.1916E+02         0.0%
1                            ***** END OF OUTPUT *****
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4.19 Solid Block Subject to Torsional Loads with Stampable 
Sheet Constraints - Use of Two Layers With Punch Holes

Example ID:
T019

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Impose a stampable sheet fabrication constraint in the +z direction: S2Z on a TSYM3 data. The 
desired structure will be buildable with 2 stamped sheets with through holes and a specified thick-
ness. 

Problem Statement:
The solid block is modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 25% mass constraint. Enforce a stamping constraints on the z 
direction.

Problem Description:
1. The designable domain was discretized with 3840 CHEXA elements. 
2. The back of the block has four corner constrained. 
3. The front of the block is loaded with torsional loads.

          Stamping direction
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 Results:
The following two figures shows the density of the obtained topology results. The pictures show 
that 2 layers were obtained. The two layers form a closed section in the front. Each layer has three 
through holes. 
  

The following figure shows the isodensity results corresponding to the final design cycle.

Note:
Compare this problem with problems T018. In T018 there are no holes punched through the two 
layers.
GENESIS November 2009 Design Examples Manual 1801



Design Examples: Topology
4.19.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named T019.dat and is provide with the installation CD.

ID T019
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.0 (2008-05-01)
$ Exported on 2008-05-02 15:08
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES
SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Loadcase definitions
$
SUBCASE 3
   LABEL = TORSION LOAD
   SPC = 3002
   LOAD = 300
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
TPROP          6       6        .2500000                               6
+       3.000000        
TSYM3          6      11
+            S2Z     MZX
+       .5000000     0.0
+       .5000000        1.0000-3     0.0
$HMNAME TRESP     1002 “SE”
TRESP1      1002      SE SENERGY        
TOBJ        1002               3        
$HMNAME TRESP       11 “SECT11”
TRESP1        11  SECT11  MASSFR    PROP                       6
TCONS         11                .2500000
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$

GENESIS November 2009 Design Examples Manual 1803



Design Examples: Topology
4.19.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200805011501 BETA

     PROJECT NAME: T019
     RUN STARTED:  May  2, 2008 16:54
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1
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     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    1
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID T019                                                                         
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                   
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DENSITY = POST                                                                  
                                                                                 
                                                                                 
                                                                                 
 SUBCASE 3                                                                       
    LABEL = TORSION LOAD                                                         
    SPC = 3002                                                                   
    LOAD = 300                                                                   
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    2
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                           ---  BULKDATA SECTION  ---
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 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    3
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   4675
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                3840
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      3840
                   NUMBER OF ELEMENT PROPERTIES:            3842
                   NUMBER OF MATERIALS:                     3841
                   NUMBER OF DEGREES OF FREEDOM:           14013

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:         90
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:      11520
                  TOTAL NUMBER OF DESIGN VARIABLES:            11610
                  NUMBER OF DESIGNABLE ELEMENTS:                3840
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    4
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
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               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    5
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              8.843974E+04
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       1.473996E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    6
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    7
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  6.549164E-16 ; STRAIN ENERGY :  5.561531E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    8
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE    9
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -9.6118E-12  5.6357E-11  8.9859E-12  6.0000E+03 -5.1457E-10  1.7389E-09
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   10
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
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 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   11
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3367     4.1821E+02  3.6700E+01  2.1260E+02 -3.5827E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   12
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     5.5615E+03 -1.0094E-12 -3.2015E-12 -5.5615E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   13
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   14
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.561531E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   15
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             1.875312E-01  UB   2.500000E-01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE   16
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

A portion of this files has been deleted to reduce space.

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  124
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  125
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              8.776473E+04
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       1.462745E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  126
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  127
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 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL : -1.529870E-14 ; STRAIN ENERGY :  3.592472E+01
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  128
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  129
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -3.1477E-12 -3.2946E-12  1.9730E-11  6.0000E+03 -2.9664E-10  1.2833E-10
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  130
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  131
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4260     5.3103E+02  3.2586E+02 -1.9826E+02  3.6945E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  132
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     3.5963E-02  1.3263E-03 -1.0076E-03 -3.5925E-02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  133
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  134
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.592472E+01
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  135
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             1.860999E-01  UB   2.500000E-01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  136
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************
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 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 5.562E+03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 16:54  PAGE  137
 TOPOLOGY OPTIMIZATION: 2 LAYER STAMPING CONSTRAINTS - WITH HOLES        
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.5615E+06         0.0%
    1     3.2425E+04         0.0%
    2     2.6156E+02         0.0%
    3     1.2423E+02         0.0%
    4     8.0777E+01         0.0%
    5     5.5981E+01         0.0%
    6     4.0288E+01         0.0%
    7     3.0748E+01         0.0%
    8     2.6613E+01         0.0%
    9     3.0209E+01         0.0%
   10     3.5925E+01         0.0%

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        430012            6  

 ***** THERE WERE        6 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.20  Solid Block Subject to Torsional Loads With Stampable 
Sheet Constraints. Use of One Layer With No Punch  
Holes - Layer Stamped from Bottom

Example ID:
T020

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing a stamping fabrication constraint in the +z direction: SBZ on a TSYM3 data. The 
desired structure will be buildable with 1 stamped sheet with no through holes and a specified 
thickness. The stamped sheet will be punched from the bottom of the structure. 

Problem Statement:
The solid block is modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 15% mass constraint. Enforce a stamping constraints on the z 
direction.

Problem Description:
1. The designable domain was discretized with 3840 CHEXA elements. 
2. The back of the block has four corner constrained. 
3. The front of the block is loaded with torsional loads 

          Stamping direction
GENESIS November 2009 Design Examples Manual 1813



Design Examples: Topology
 Results:
The following figure shows the density of the obtained topology results.The picture show that one 
layer was obtained. The layer form a open section in the front. The layer does not have any 
punched holes. 
  

The following figure shows the isodensity results corresponding to the final design cycle.

Notes:
Compare this problem with problems T018. In T018 there are two layers. Compare this problem 
with problems T021. In T021 the layer is closer to the top of the design space. 
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4.20.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named T020.dat and is provide with the installation CD.

$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.0 (2008-04-17)
$ Exported on 2008-05-01 17:08
$----------------------------------------------------------------------$
$
$ Executive Control
$
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS
SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Loadcase definitions
$
SUBCASE 3
   LABEL = TORSION LOAD
   SPC = 3002
   LOAD = 300
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
TPROP          6       6        .1500000                               6
+       3.000000        
TSYM3          6      11
+            SBZ     MZX
+       .5000000     0.0
+       .5000000     no 1.0000-3     0.0
$HMNAME TRESP     1002 “SE”
TRESP1      1002      SE SENERGY        
TOBJ        1002               3        
$HMNAME TRESP       11 “SECT11”
TRESP1        11  SECT11  MASSFR    PROP                       6
TCONS         11                .1500000
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4.20.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200805011501 BETA

     PROJECT NAME: T020
     RUN STARTED:  May  2, 2008 17:02
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    1
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID T020                                                                         
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                   
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DENSITY = POST                                                                  
                                                                                 
                                                                                 
                                                                                 
 SUBCASE 3                                                                       
    LABEL = TORSION LOAD                                                         
    SPC = 3002                                                                   
    LOAD = 300                                                                   
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    2
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                           ---  BULKDATA SECTION  ---
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 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    3
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   4675
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                3840
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      3840
                   NUMBER OF ELEMENT PROPERTIES:            3842
                   NUMBER OF MATERIALS:                     3841
                   NUMBER OF DEGREES OF FREEDOM:           14013

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:         60
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       7680
                  TOTAL NUMBER OF DESIGN VARIABLES:             7740
                  NUMBER OF DESIGNABLE ELEMENTS:                3840
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    4
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    5
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.771153E+05
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       2.951921E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    6
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    7
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  8.172346E-17 ; STRAIN ENERGY :  5.669987E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    8
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE    9
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -5.0267E-11  8.0555E-10 -5.2842E-11  6.0000E+03  8.4284E-10  1.3701E-08
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   10
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   11
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3998     9.9496E+02 -6.2969E+00  2.9875E+00  9.9493E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   12
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     5.6749E+03 -1.6987E+02  1.6488E+02 -5.6700E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   13
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   14
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.669987E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   15
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT
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                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.755625E-01  UB   1.500000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   16
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E      1 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   17
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.772443E+05
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       2.954071E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   18
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   19
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  1.265891E-15 ; STRAIN ENERGY :  7.704625E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   20
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S
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 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   21
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -1.4044E-11  5.9791E-10 -1.8244E-11  6.0000E+03  2.5528E-10  1.0237E-08
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   22
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   23
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3998     9.9999E+02 -9.8349E-03  5.0514E-03  9.9999E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE   24
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     8.2642E+00 -2.1194E+00  2.1082E+00 -7.7046E+00

This part of the file has been deleted to reduce space.

          

               ********************************************
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               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE  134
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  3.421087E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE  135
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             1.496757E-01  UB   1.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE  136
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 5.670E+03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:02  PAGE  137
 TOPOLOGY OPTIMIZATION: BOTTOM LAYER STAMPING CONSTRAINTS                
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.6700E+06       150.4%
    1     7.7046E+03       150.6%
    2     7.3870E+02       133.8%
    3     2.4012E+02       117.4%
    4     1.4507E+02       101.6%
    5     1.0877E+02        82.7%
    6     1.1264E+02        67.3%
    7     1.4313E+02        51.1%
    8     2.3211E+02        33.3%
    9     2.9239E+02        16.8%
   10     3.4211E+02         0.0%
1                            ***** END OF OUTPUT *****
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4.21 Solid Block Subject to Torsional Loads with Stampable 
Sheet Constraints. Use of One Layer with No Punch Holes 
- Layer Stamped from Top

Example ID:
T021

Design Data Used:
TOBJ, TCONS, TPROP, TRESP, TSYM3

Special Features Used:
Imposing a stamping fabrication constraint in the +z direction: STZ on a TSYM3 data.The desired 
structure will be buildable with one stamped metal sheets with no punched holes and a specified 
thickness. The metal sheet will be stamped from the top of the structure. 

Problem Statement:
The solid block is modeled with 3-D solid elements subjected to torsional tip loads. 

Design Problem: 
Minimize strain energy. Subject to a 30% mass constraint. Enforce a stamping constraints on the z 
direction.

Problem Description:
1. The designable domain was discretized with 3840 CHEXA elements. 
2. The back of the block has four corner constrained. 
3. The front of the block is loaded with torsional loads 

          Stamping direction
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 Results:
The following figure shows the density of the obtained topology results.The picture show that one 
layer was obtained. The layer form a open section in the front. The layer does not have any 
punched holes. 
  

The following figure shows the isodensity results corresponding to the final design cycle.

Notes:
Compare this problem with problems T018. In T018 there are two layers. Compare this problem 
with problems T020. In T020 the layer is closer to the bottom of the design space. 
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4.21.1 Input Data
The input data is quite large so only a portion of it is given here. This 
input data is named T021.dat and is provide with the installation CD.

$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 10.0 (2008-04-17)
$ Exported on 2008-05-01 17:08
$----------------------------------------------------------------------$
$
$ Executive Control
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS 
SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Loadcase definitions
$
SUBCASE 3
   LABEL = TORSION LOAD
   SPC = 3002
   LOAD = 300
BEGIN BULK
$
$ Parameters
$
DOPT          25
$
$ Topology Optimization definitions
$
TPROP          6       6        .1500000                               6
+       3.000000        
TSYM3          6      11
+            STZ     MZX
+       .5000000     0.0
+       .5000000     no 1.0000-3     0.0
$HMNAME TRESP     1002 “SE”
TRESP1      1002      SE SENERGY        
TOBJ        1002               3        
$HMNAME TRESP       11 “SECT11”
TRESP1        11  SECT11  MASSFR    PROP                       6
TCONS         11                .1500000
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4.21.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.0

                             BUILD CODE 200805011501 BETA

     PROJECT NAME: T021
     RUN STARTED:  May  2, 2008 17:11
     SYSTEM TYPE:  SunOS 5.9 SUNW,Sun-Blade-1000 2-CPU
     LENVEC:              10000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    1
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID T021                                                                         
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
                                                                                 
 POST = PUNCH                                                                    
 SOL COMPAT1                                                                     
 CEND                                                                            
                                                                                 
                                                                                 
                                                                                 
 TITLE = TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 SUBTITLE = THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                   
 LINE = 64,80                                                                    
 ECHO = UNSORT(PARAM,DOPT)                                                       
 DENSITY = POST                                                                  
                                                                                 
                                                                                 
                                                                                 
 SUBCASE 3                                                                       
    LABEL = TORSION LOAD                                                         
    SPC = 3002                                                                   
    LOAD = 300                                                                   
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    2
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                           ---  BULKDATA SECTION  ---
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 BEGIN BULK                                                                      
 $                                                                               
 $ Parameters                                                                    
 $                                                                               
 DOPT    25                                                                      
 ENDDATA

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    3
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                   4675
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                3840
                   TOTAL NUMBER OF NON RIGID ELEMENTS:      3840
                   NUMBER OF ELEMENT PROPERTIES:            3842
                   NUMBER OF MATERIALS:                     3841
                   NUMBER OF DEGREES OF FREEDOM:           14013

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:          MINIMIZE             
                  NUMBER OF INDEPENDENT DESIGN VARIABLES:         60
                  NUMBER OF DEPENDENT   DESIGN VARIABLES:       7680
                  TOTAL NUMBER OF DESIGN VARIABLES:             7740
                  NUMBER OF DESIGNABLE ELEMENTS:                3840
                  NUMBER OF TOPOLOGY RESPONSES:                    2
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   1
                  TOTAL NUMBER OF LOAD CASES:                    1
 
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    4
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    5
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.771153E+05
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       2.951921E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    6
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    7
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL : -1.855534E-16 ; STRAIN ENERGY :  5.669987E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    8
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE    9
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -1.0033E-10 -8.0670E-10  1.1377E-10  6.0000E+03 -2.1093E-09 -1.2088E-08
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   10
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   11
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4260     9.9496E+02  6.2969E+00 -2.9875E+00  9.9493E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   12
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     5.6749E+03  1.6987E+02 -1.6488E+02 -5.6700E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   13
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   14
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.669987E+06
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   15
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT
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                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             3.755625E-01  UB   1.500000E-01   V

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE   16
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

This portio of the file has been deleted to reduce space.

               ****************************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  125
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              7.034679E+04
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       1.172447E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  126
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  127
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  1.188142E-13 ; STRAIN ENERGY :  5.325797E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  128
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 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  129
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -1.9878E-10 -4.1607E-10  2.1359E-10  6.0000E+03 -4.0103E-09 -5.2276E-09
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  130
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  131
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4260     9.9998E+02  1.3811E-02 -8.5201E-03  9.9998E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  132
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     6.2391E-01  2.7735E-01 -1.6942E-01 -5.3258E-01
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  133
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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               ********************************************
               *  D E S I G N  C Y C L E     10 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  134
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     10 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.325797E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  135
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             1.491662E-01  UB   1.500000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  136
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ****************************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  137
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              5.936843E+04
                    SYSTEM VOLUME            6.000000E+01
                    SYSTEM MASS/VOLUME       9.894739E+02
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1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  138
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   2.500E+00  6.000E+00  4.000E+00  1.500E+01  2.400E+01  1.000E+01  6.000E+01

1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  139
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        3 ; RESIDUAL :  3.483174E-13 ; STRAIN ENERGY :  5.331561E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  140
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3  0.0000E+00  0.0000E+00  0.0000E+00 -6.0000E+03  0.0000E+00  0.0000E+00
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  141
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       3 -2.2360E-10 -3.2198E-10  2.3420E-10  6.0000E+03 -4.4358E-09 -3.8963E-09
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  142
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     3456     1.0000E+03  0.0000E+00  0.0000E+00  1.0000E+03
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  143
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      
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                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4260     9.9997E+02  1.9253E-02 -1.2233E-02  9.9997E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  144
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       3     4070     6.6211E-01  3.4118E-01 -1.9426E-01 -5.3316E-01
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  145
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     11 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  146
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

               ********************************************
               *  D E S I G N  C Y C L E     11 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.331561E+02
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  147
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             6 PROP             1.258873E-01  UB   1.500000E-01   I

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
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                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  148
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 5.670E+03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 10.0                   DATE 05-02-2008  TIME 17:11  PAGE  149
 TOPOLOGY OPTIMIZATION: TOP LAYER STAMPING CONSTRAINTS                   
 THICKNESS OF EACH LAYER IS 2 ELEMENTS THICK = 0.50                      

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     5.6700E+06       150.4%
    1     6.0730E+03       150.6%
    2     6.6633E+02       133.8%
    3     2.2921E+02       117.5%
    4     1.4498E+02       101.6%
    5     5.6498E+06        82.5%
    6     5.6422E+06        67.9%
    7     5.5929E+06        48.9%
    8     1.3446E+04        33.4%
    9     1.2493E+03        15.9%
   10     5.3258E+02         0.0%
   11     5.3316E+02         0.0%
1                            ***** END OF OUTPUT *****
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4.22 Topology Optimization of Reinforcement With Random 
Responses

Example ID:
T022

Design Data Used:
TINDEX, TCONS, TPROP, TRESP

Special Features Used:
Use of random root mean square displacements (RMSDISP) 

Problem Statement:
The plate is reinforced with plate elements and is subjected to vertical cyclic tip loads. The prob-
lem uses  a random modal frequency response load case.. 

Design Problem: 
Minimize the normalized sum of six random root mean square displacements. Subject to a 30% 
mass fraction constraint of the reinforcement.

Problem Description:
1. The designable domain correspond to 215 QUAD4 elements. These elements form  

a reinforced pattern (autorib).  The plate been reinforced has 40 elements. 
2. One end of  the reinforced plate is constrained. 
3. The other end of  the reinforced plate is loaded with vertical cyclic loads 
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 Analysis esults:
The normalized sum of the root mean displacements was reduced from 6.0 to 4.13. 

 Design Results:
The following figure shows the retained elements. Element with low density has been masked 
out.The picture indicates that the tip needs to be reinforced as well a the center part of the root. In 
grey it is shown the plate. The grey elements are non-designable. 
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4.22.1 Input Data
The input data is quite large so only a portion of it is given here. This input data is named 
T022.dat and is provide with the installation CD.

ID T022
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES
SUBTITLE= SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION             
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Set definitions
$
$HMNAME SET        1 "Grid Set 1"
$ GRID SET
SET        1=      55,      66
$HMNAME SET        2 "Element Set 2"
$ ELEMENT SET
SET        2=       1,      50
SET        3=      45,      60
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = Loadcase 1
   SPC = 1
   DLOAD = 10
   RANDOM = 30
   FREQ = 40
   METHOD = 1
   SDAMPING = 20
$   VELOCITY = ALL
BEGIN BULK
$
$ Parameters
$
DOPT          30
+,DTMIN,0.07
$
$ Topology Optimization definitions
$
TPROP          2       2        .30                        
$HMNAME TRESP        2 "Obj2"
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$ 23 4 5 6789
TRESP1         2    Obj2 rmsdisp                       3      66
$HMNAME TRESP        3 "Obj3"
TRESP1         3    Obj3 rmsdisp                       3      55
$HMNAME TRESP        4 "Obj4"
TRESP1         4    Obj4 rmsdisp                       3      44
$HMNAME TRESP        5 "Obj5"
TRESP1         5    Obj5rmsdisp                        3      33
$HMNAME TRESP        6 "Obj6"
TRESP1         6    Obj6rmsdisp                        3      22
$HMNAME TRESP        7 "Obj7"
TRESP1         7    Obj7rmsdisp                        3      11
TINDEX         2       11.000000
+              3       11.000000
+              4       11.000000
+              5       11.000000
+              6       11.000000
+              7       11.000000
$HMNAME TRESP        8 "T_1"
TRESP1         8     T_1  MASSFR                        
TCONS          8                .30
$
$ Property definitions
$
PSHELL         2       17.000000       1               1        
PSHELL         1       17.000000       1               1        
$HMNAME COMP        4 "Autorib"
$HMCOLOR COMP        4       1
$DSNOTE GROUP        4
$DSNOTE+Automatically generated rib candidate elements 
PSHELL         4       11.000000       1               1        
$HMNAME COMP        5 "Autorib"
$HMCOLOR COMP        5       1
$DSNOTE GROUP        5
$DSNOTE+Automatically generated rib candidate elements 
PSHELL         5       11.000000       1               1        
$
$ Material definitions
$
$HMNAME MAT        1 "MAT1 1"
MAT1           168900.00        .30000002.8500-6                        
$
$ Load definitions
$
$HMNAME LOADCOL       10 "DLoad Set 10"
RLOAD1        10      11                      12                
$HMNAME LOADCOL       11 "DAREA 11"
DAREA         11      66       3-.200000
DAREA         11      11       3-.200000
DAREA         11      55       3-.400000
DAREA         11      44       3-.400000
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DAREA         11      33       3-.400000
DAREA         11      22       3-.400000
$HMNAME LOADCOL       12 "Table 12"
TABLED1       12
+       2.0000001.000000200.00001.000000
$HMNAME LOADCOL       20 "Damping 20"
TABDMP1       20    CRIT
+       2.000000.0500000200.0000.0500000
$HMNAME LOADCOL       30 "RANDOM 30"
RANDPS        30       1       11.000000     0.0      31
$HMNAME LOADCOL       31 "Table 31"
TABRND1       31                
+       1.9990001.0000-22.000000.4750000200.0000.4750000200.10001.0000-2
+       
$HMNAME LOADCOL       40 "Frequency Set 40"
FREQ1         402.0000002.000000      99
$HMNAME LOADCOL        1 "Method 1"
EIGR           1     SMS        2000.000                        
$HMNAME LOADCOL        2 "Static Load 2"
FORCE          2      66        .2000000     0.0     0.0-1.00000
FORCE          2      11        .2000000     0.0     0.0-1.00000
FORCE          2      55        .4000000     0.0     0.0-1.00000
FORCE          2      44        .4000000     0.0     0.0-1.00000
FORCE          2      33        .4000000     0.0     0.0-1.00000
FORCE          2      22        .4000000     0.0     0.0-1.00000
$
$ Boundary Condition definitions
$
$HMNAME GCSET        1 "G-C Set 1"
SPC            1     122  123456     0.0
SPC            1     111  123456     0.0
SPC            1     100  123456     0.0
SPC            1      89  123456     0.0
SPC            1      78  123456     0.0
SPC            1      67  123456     0.0
SPC            1      56  123456     0.0
SPC            1      45  123456     0.0
SPC            1      34  123456     0.0
SPC            1      23  123456     0.0
SPC            1      12  123456     0.0
SPC            1       1  123456     0.0
$
$ Grid points
$
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4.22.2 Output Data
The output file  is quite large so only key lines of the  top and the  bottom parts  of the output file 
are  provided  here.     
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2008           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 10.1

                             BUILD CODE 200812051754 BETA

     PROJECT NAME: T022
     RUN STARTED:  Dec 10, 2008 10:50
     SYSTEM TYPE:  SunOS 5.10 SUNW,Sun-Blade-2500 2-CPU
     LENVEC:              40000000
     IOBUFF:               256,64K
     THREADS:                    1

     FOR DEVELOPMENT TESTING ONLY
     *** NOT FOR DISTRIBUTION ***
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1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:50  PAGE    1
 TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES             
 SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION                    

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 ID T022
 POST = PUNCH
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 TITLE = TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES
 SUBTITLE= SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 DENSITY = POST
 $
 $ Set definitions
 $
 $HMNAME SET        1 "Grid Set 1"
 $ GRID SET
 SET        1=      55,      66
 $HMNAME SET        2 "Element Set 2"
 $ ELEMENT SET
 SET        2=       1,      50
 SET        3=      45,      60
 $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = Loadcase 1
    SPC = 1
    DLOAD = 10
    RANDOM = 30
    FREQ = 40
    METHOD = 1
    SDAMPING = 20
 $   VELOCITY = ALL
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1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:50  PAGE    2
 TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES             
 SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION                    

                           ---  BULKDATA SECTION  ---

 BEGIN BULK

 INFORMATION: FOLLOWING IS A LIST OF SCRATCH FILES THAT WERE
              FOUND AND DELETED BEFORE STARTING THIS JOB.

           1) T022.F
           2) T022.SPK
           3) T022.SPM
           4) T022.KDM
           5) T022.FD
           6) T022.FM
           7) T022.K3
           8) T022.M3
           9) T022.DB0
          10) T022.DB1
 $
 $ Parameters
 $
 $
 $ Parameters
 $
 DOPT    30                                                                      
 +       DTMIN   0.07                                                            
 ENDDATA

      
     WARNING MESSAGE FROM GN1245:
     LOADS AND/OR BOUNDARY CONDITIONS AND/OR EIGENVALUE DATA
     STATEMENTS ARE NOT REFERENCED. 
     A SUMMARY OF THEM ARE GIVEN BELOW.
     THE NON REFERENCED BULK DATA STATEMENTS WERE IGNORED.

     DATA STATEMENT  REFERENCED        TOTAL 
       FORCE                0           6
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                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    132
                   NUMBER OF CQUAD4->PSHELL ELEMENTS:        265
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       265
                   NUMBER OF ELEMENT PROPERTIES:             219
                   NUMBER OF MATERIALS:                      216
                   NUMBER OF DEGREES OF FREEDOM:             720

                      TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                  OBJECTIVE FUNCTION:    MINIMIZE COMBINED RESPONSES
                  NUMBER OF INDEPENDENT DESIGNABLE ELEMENTS:     215
                  NUMBER OF DESIGNABLE ELEMENTS:                 215
                  NUMBER OF TOPOLOGY RESPONSES:                    7
                  NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:        2

                               LOAD CASES SUMMARY

                  NUMBER OF USER FREQUENCY LOAD CASES:           0
                  NUMBER OF INTERNAL FREQUENCY LOAD CASES:       1
                  NUMBER OF MODAL  DYNAMIC LOAD CASES:           1
                  TOTAL NUMBER OF LOAD CASES:                    2
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               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:50  PAGE    5
 TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES             
 SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION                    

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.225341E-01
                    SYSTEM VOLUME            1.065647E+05
                    SYSTEM MASS/VOLUME       1.149856E-06
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 SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION                    

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.500E+02  1.500E+01  5.000E+00  2.250E+03  7.500E+01  7.500E+02  1.125E+04

1GENESIS   VERSION 10.1                   DATE 12-10-2008  TIME 10:50  PAGE    7
 TOPOLOGY OPTIMIZATON OF REINFORCEMENT WITH RANDOM RESPONSES             
 SUM OF 6 ROOT MEAN SQUARE DISPLACEMENTS MINIMIZATION                    
 MODES FOR METHOD OF LOADCASE 1                               LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  5.322842E+00  1.118528E+03  3.344440E+01  1.000000E+00  1.118528E+03
        2  1.098871E+01  4.767089E+03  6.904411E+01  1.000000E+00  4.767089E+03
        3  3.342511E+01  4.410678E+04  2.100162E+02  1.000000E+00  4.410678E+04
        4  6.510337E+01  1.673272E+05  4.090565E+02  1.000000E+00  1.673272E+05
        5  7.313265E+01  2.111457E+05  4.595060E+02  1.000000E+00  2.111457E+05
        6  9.460675E+01  3.533491E+05  5.944318E+02  1.000000E+00  3.533491E+05
        7  1.677251E+02  1.110596E+06  1.053848E+03  1.000000E+00  1.110596E+06
        8  1.757121E+02  1.218886E+06  1.104032E+03  1.000000E+00  1.218886E+06
        9  1.891606E+02  1.412607E+06  1.188531E+03  1.000000E+00  1.412607E+06
       10  2.199996E+02  1.910748E+06  1.382298E+03  1.000000E+00  1.910748E+06
       11  3.192044E+02  4.022512E+06  2.005620E+03  1.000000E+00  4.022512E+06
       12  3.210047E+02  4.068015E+06  2.016932E+03  1.000000E+00  4.068015E+06
       13  3.784492E+02  5.654247E+06  2.377866E+03  1.000000E+00  5.654247E+06
       14  4.856271E+02  9.310342E+06  3.051285E+03  1.000000E+00  9.310342E+06
       15  4.860007E+02  9.324671E+06  3.053632E+03  1.000000E+00  9.324671E+06
       16  5.025260E+02  9.969580E+06  3.157464E+03  1.000000E+00  9.969580E+06
       17  5.526721E+02  1.205854E+07  3.472541E+03  1.000000E+00  1.205854E+07
       18  6.616344E+02  1.728208E+07  4.157172E+03  1.000000E+00  1.728208E+07
       19  6.907183E+02  1.883483E+07  4.339911E+03  1.000000E+00  1.883483E+07
       20  7.345101E+02  2.129881E+07  4.615063E+03  1.000000E+00  2.129881E+07
       21  8.208307E+02  2.659910E+07  5.157432E+03  1.000000E+00  2.659910E+07
       22  8.419014E+02  2.798222E+07  5.289823E+03  1.000000E+00  2.798222E+07
       23  9.169910E+02  3.319632E+07  5.761625E+03  1.000000E+00  3.319632E+07
       24  9.180723E+02  3.327465E+07  5.768419E+03  1.000000E+00  3.327465E+07
       25  9.970881E+02  3.924884E+07  6.264889E+03  1.000000E+00  3.924884E+07
       26  1.097559E+03  4.755712E+07  6.896167E+03  1.000000E+00  4.755712E+07
       27  1.101287E+03  4.788073E+07  6.919590E+03  1.000000E+00  4.788073E+07
       28  1.113853E+03  4.897959E+07  6.998542E+03  1.000000E+00  4.897959E+07
       29  1.117803E+03  4.932767E+07  7.023366E+03  1.000000E+00  4.932767E+07
       30  1.124296E+03  4.990232E+07  7.064158E+03  1.000000E+00  4.990232E+07
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       31  1.139025E+03  5.121839E+07  7.156702E+03  1.000000E+00  5.121839E+07
       32  1.147368E+03  5.197152E+07  7.209127E+03  1.000000E+00  5.197152E+07
       33  1.155393E+03  5.270103E+07  7.259547E+03  1.000000E+00  5.270103E+07
       34  1.181202E+03  5.508180E+07  7.421712E+03  1.000000E+00  5.508180E+07
       35  1.183775E+03  5.532201E+07  7.437876E+03  1.000000E+00  5.532201E+07
       36  1.215056E+03  5.828437E+07  7.634420E+03  1.000000E+00  5.828437E+07
       37  1.259275E+03  6.260379E+07  7.912256E+03  1.000000E+00  6.260379E+07
       38  1.279976E+03  6.467904E+07  8.042328E+03  1.000000E+00  6.467904E+07
       39  1.292435E+03  6.594431E+07  8.120610E+03  1.000000E+00  6.594431E+07
       40  1.314347E+03  6.819925E+07  8.258284E+03  1.000000E+00  6.819925E+07
       41  1.357884E+03  7.279229E+07  8.531840E+03  1.000000E+00  7.279229E+07
       42  1.361518E+03  7.318233E+07  8.554667E+03  1.000000E+00  7.318233E+07
       43  1.366000E+03  7.366496E+07  8.582829E+03  1.000000E+00  7.366496E+07
       44  1.384052E+03  7.562486E+07  8.696256E+03  1.000000E+00  7.562486E+07
       45  1.390615E+03  7.634381E+07  8.737494E+03  1.000000E+00  7.634381E+07
       46  1.397509E+03  7.710256E+07  8.780806E+03  1.000000E+00  7.710256E+07
       47  1.410898E+03  7.858708E+07  8.864936E+03  1.000000E+00  7.858708E+07
       48  1.412517E+03  7.876753E+07  8.875107E+03  1.000000E+00  7.876753E+07
       49  1.430342E+03  8.076809E+07  8.987107E+03  1.000000E+00  8.076809E+07
       50  1.435468E+03  8.134801E+07  9.019313E+03  1.000000E+00  8.134801E+07
       51  1.444540E+03  8.237946E+07  9.076313E+03  1.000000E+00  8.237946E+07
       52  1.461407E+03  8.431451E+07  9.182293E+03  1.000000E+00  8.431451E+07
       53  1.495087E+03  8.824554E+07  9.393910E+03  1.000000E+00  8.824554E+07
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                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

       54  1.503718E+03  8.926731E+07  9.448138E+03  1.000000E+00  8.926731E+07
       55  1.532040E+03  9.266167E+07  9.626093E+03  1.000000E+00  9.266167E+07
       56  1.537806E+03  9.336045E+07  9.662321E+03  1.000000E+00  9.336045E+07
       57  1.544790E+03  9.421033E+07  9.706201E+03  1.000000E+00  9.421033E+07
       58  1.556717E+03  9.567078E+07  9.781144E+03  1.000000E+00  9.567078E+07
       59  1.569235E+03  9.721555E+07  9.859794E+03  1.000000E+00  9.721555E+07
       60  1.570319E+03  9.734987E+07  9.866604E+03  1.000000E+00  9.734987E+07
       61  1.607352E+03  1.019957E+08  1.009929E+04  1.000000E+00  1.019957E+08
       62  1.614572E+03  1.029140E+08  1.014465E+04  1.000000E+00  1.029140E+08
       63  1.620912E+03  1.037238E+08  1.018449E+04  1.000000E+00  1.037238E+08
       64  1.626029E+03  1.043798E+08  1.021664E+04  1.000000E+00  1.043798E+08
       65  1.637166E+03  1.058145E+08  1.028662E+04  1.000000E+00  1.058145E+08
       66  1.642903E+03  1.065574E+08  1.032267E+04  1.000000E+00  1.065574E+08
       67  1.646635E+03  1.070421E+08  1.034612E+04  1.000000E+00  1.070421E+08
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       68  1.652477E+03  1.078029E+08  1.038282E+04  1.000000E+00  1.078029E+08
       69  1.653013E+03  1.078729E+08  1.038619E+04  1.000000E+00  1.078729E+08
       70  1.663045E+03  1.091863E+08  1.044922E+04  1.000000E+00  1.091863E+08
       71  1.664415E+03  1.093661E+08  1.045783E+04  1.000000E+00  1.093661E+08
       72  1.665036E+03  1.094478E+08  1.046173E+04  1.000000E+00  1.094478E+08
       73  1.676185E+03  1.109185E+08  1.053178E+04  1.000000E+00  1.109185E+08
       74  1.676509E+03  1.109613E+08  1.053382E+04  1.000000E+00  1.109613E+08
       75  1.689770E+03  1.127237E+08  1.061714E+04  1.000000E+00  1.127237E+08
       76  1.694144E+03  1.133080E+08  1.064462E+04  1.000000E+00  1.133080E+08
       77  1.694990E+03  1.134211E+08  1.064993E+04  1.000000E+00  1.134211E+08
       78  1.707908E+03  1.151565E+08  1.073110E+04  1.000000E+00  1.151565E+08
       79  1.711241E+03  1.156065E+08  1.075205E+04  1.000000E+00  1.156065E+08
       80  1.711288E+03  1.156128E+08  1.075234E+04  1.000000E+00  1.156128E+08
       81  1.714520E+03  1.160500E+08  1.077265E+04  1.000000E+00  1.160500E+08
       82  1.721333E+03  1.169740E+08  1.081545E+04  1.000000E+00  1.169740E+08
       83  1.726778E+03  1.177153E+08  1.084967E+04  1.000000E+00  1.177153E+08
       84  1.730889E+03  1.182764E+08  1.087549E+04  1.000000E+00  1.182764E+08
       85  1.733290E+03  1.186048E+08  1.089059E+04  1.000000E+00  1.186048E+08
       86  1.735117E+03  1.188549E+08  1.090206E+04  1.000000E+00  1.188549E+08
       87  1.736863E+03  1.190942E+08  1.091303E+04  1.000000E+00  1.190942E+08
       88  1.740952E+03  1.196557E+08  1.093872E+04  1.000000E+00  1.196557E+08
       89  1.745298E+03  1.202538E+08  1.096603E+04  1.000000E+00  1.202538E+08
       90  1.745961E+03  1.203452E+08  1.097019E+04  1.000000E+00  1.203452E+08
       91  1.746266E+03  1.203873E+08  1.097211E+04  1.000000E+00  1.203873E+08
       92  1.747372E+03  1.205399E+08  1.097907E+04  1.000000E+00  1.205399E+08
       93  1.753851E+03  1.214353E+08  1.101977E+04  1.000000E+00  1.214353E+08
       94  1.755824E+03  1.217087E+08  1.103217E+04  1.000000E+00  1.217087E+08
       95  1.756802E+03  1.218444E+08  1.103831E+04  1.000000E+00  1.218444E+08
       96  1.759731E+03  1.222509E+08  1.105671E+04  1.000000E+00  1.222509E+08
       97  1.760978E+03  1.224243E+08  1.106455E+04  1.000000E+00  1.224243E+08
       98  1.764199E+03  1.228725E+08  1.108479E+04  1.000000E+00  1.228725E+08
       99  1.766834E+03  1.232398E+08  1.110134E+04  1.000000E+00  1.232398E+08
      100  1.769765E+03  1.236491E+08  1.111976E+04  1.000000E+00  1.236491E+08
      101  1.770718E+03  1.237824E+08  1.112575E+04  1.000000E+00  1.237824E+08
      102  1.772412E+03  1.240192E+08  1.113639E+04  1.000000E+00  1.240192E+08
      103  1.776281E+03  1.245613E+08  1.116070E+04  1.000000E+00  1.245613E+08
      104  1.788058E+03  1.262185E+08  1.123470E+04  1.000000E+00  1.262185E+08
      105  1.790155E+03  1.265147E+08  1.124787E+04  1.000000E+00  1.265147E+08
      106  1.794663E+03  1.271527E+08  1.127620E+04  1.000000E+00  1.271527E+08
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   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

      107  1.797597E+03  1.275687E+08  1.129463E+04  1.000000E+00  1.275687E+08
      108  1.803612E+03  1.284240E+08  1.133243E+04  1.000000E+00  1.284240E+08
      109  1.819647E+03  1.307176E+08  1.143318E+04  1.000000E+00  1.307176E+08
      110  1.823814E+03  1.313170E+08  1.145936E+04  1.000000E+00  1.313170E+08
      111  1.833395E+03  1.327003E+08  1.151956E+04  1.000000E+00  1.327003E+08
      112  1.835253E+03  1.329693E+08  1.153123E+04  1.000000E+00  1.329693E+08
      113  1.838517E+03  1.334428E+08  1.155175E+04  1.000000E+00  1.334428E+08
      114  1.842496E+03  1.340210E+08  1.157674E+04  1.000000E+00  1.340210E+08
      115  1.847227E+03  1.347102E+08  1.160647E+04  1.000000E+00  1.347102E+08
      116  1.847935E+03  1.348134E+08  1.161092E+04  1.000000E+00  1.348134E+08
      117  1.849334E+03  1.350176E+08  1.161971E+04  1.000000E+00  1.350176E+08
      118  1.855703E+03  1.359492E+08  1.165973E+04  1.000000E+00  1.359492E+08
      119  1.856283E+03  1.360342E+08  1.166337E+04  1.000000E+00  1.360342E+08
      120  1.862349E+03  1.369247E+08  1.170148E+04  1.000000E+00  1.369247E+08
      121  1.863300E+03  1.370646E+08  1.170746E+04  1.000000E+00  1.370646E+08
      122  1.865653E+03  1.374110E+08  1.172225E+04  1.000000E+00  1.374110E+08
      123  1.867377E+03  1.376650E+08  1.173307E+04  1.000000E+00  1.376650E+08
      124  1.874129E+03  1.386623E+08  1.177550E+04  1.000000E+00  1.386623E+08
      125  1.877873E+03  1.392170E+08  1.179903E+04  1.000000E+00  1.392170E+08
      126  1.877928E+03  1.392251E+08  1.179937E+04  1.000000E+00  1.392251E+08
      127  1.881867E+03  1.398098E+08  1.182412E+04  1.000000E+00  1.398098E+08
      128  1.888841E+03  1.408480E+08  1.186794E+04  1.000000E+00  1.408480E+08
      129  1.893624E+03  1.415621E+08  1.189799E+04  1.000000E+00  1.415621E+08
      130  1.896991E+03  1.420661E+08  1.191915E+04  1.000000E+00  1.420661E+08
      131  1.897453E+03  1.421353E+08  1.192205E+04  1.000000E+00  1.421353E+08
      132  1.910701E+03  1.441269E+08  1.200529E+04  1.000000E+00  1.441269E+08
      133  1.919402E+03  1.454426E+08  1.205996E+04  1.000000E+00  1.454426E+08
      134  1.922197E+03  1.458665E+08  1.207752E+04  1.000000E+00  1.458665E+08
      135  1.937124E+03  1.481407E+08  1.217131E+04  1.000000E+00  1.481407E+08
      136  1.949626E+03  1.500591E+08  1.224986E+04  1.000000E+00  1.500591E+08
      137  1.951405E+03  1.503331E+08  1.226104E+04  1.000000E+00  1.503331E+08
      138  1.982215E+03  1.551176E+08  1.245462E+04  1.000000E+00  1.551176E+08
      139  1.982696E+03  1.551929E+08  1.245764E+04  1.000000E+00  1.551929E+08
      140  3.500564E+03  4.837665E+08  2.199469E+04  1.000000E+00  4.837665E+08
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               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  6.000000E+00
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  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
        2        1 RMSDISP   1.000E+00  2.429604E-01  2.429604E-01  1.000000E+00
        3        1 RMSDISP   1.000E+00  2.429605E-01  2.429605E-01  1.000000E+00
        4        1 RMSDISP   1.000E+00  2.429606E-01  2.429606E-01  1.000000E+00
        5        1 RMSDISP   1.000E+00  2.429606E-01  2.429606E-01  1.000000E+00
        6        1 RMSDISP   1.000E+00  2.429605E-01  2.429605E-01  1.000000E+00
        7        1 RMSDISP   1.000E+00  2.429604E-01  2.429604E-01  1.000000E+00
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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--------  This file has been cut here to save space -------------------------
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               ****************************************************
               *  D E S I G N  C Y C L E     24 (ANALYSIS SUMMARY)*
               ****************************************************
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                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.223011E-01
                    SYSTEM VOLUME            1.065647E+05
                    SYSTEM MASS/VOLUME       1.147670E-06
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                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.500E+02  1.500E+01  5.000E+00  2.250E+03  7.500E+01  7.500E+02  1.125E+04
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 MODES FOR METHOD OF LOADCASE 1                               LOADCASE         2

                           E I G E N V A L U E S

                                                     GENERALIZED   GENERALIZED
   MODE       CYCLES      EIGENVALUE     RADIANS         MASS       STIFFNESS

        1  5.044564E+00  1.004632E+03  3.169593E+01  1.000000E+00  1.004632E+03
        2  9.154483E+00  3.308472E+03  5.751932E+01  1.000000E+00  3.308472E+03
        3  4.137541E+01  6.758408E+04  2.599694E+02  1.000000E+00  6.758408E+04
        4  6.999951E+01  1.934416E+05  4.398199E+02  1.000000E+00  1.934416E+05
        5  7.838919E+01  2.425896E+05  4.925338E+02  1.000000E+00  2.425896E+05
        6  1.057992E+02  4.419006E+05  6.647560E+02  1.000000E+00  4.419006E+05
        7  1.697155E+02  1.137111E+06  1.066354E+03  1.000000E+00  1.137111E+06
        8  1.923334E+02  1.460392E+06  1.208467E+03  1.000000E+00  1.460392E+06
        9  2.266286E+02  2.027633E+06  1.423950E+03  1.000000E+00  2.027633E+06
       10  3.102385E+02  3.799715E+06  1.949286E+03  1.000000E+00  3.799715E+06
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       11  3.920571E+02  6.068179E+06  2.463367E+03  1.000000E+00  6.068179E+06
       12  3.928516E+02  6.092798E+06  2.468359E+03  1.000000E+00  6.092798E+06
       13  5.537283E+02  1.210468E+07  3.479178E+03  1.000000E+00  1.210468E+07
       14  5.946592E+02  1.396034E+07  3.736354E+03  1.000000E+00  1.396034E+07
       15  6.274526E+02  1.554253E+07  3.942401E+03  1.000000E+00  1.554253E+07
       16  6.422637E+02  1.628495E+07  4.035462E+03  1.000000E+00  1.628495E+07
       17  7.533630E+02  2.240621E+07  4.733520E+03  1.000000E+00  2.240621E+07
       18  8.899144E+02  3.126484E+07  5.591497E+03  1.000000E+00  3.126484E+07
       19  9.367506E+02  3.464238E+07  5.885777E+03  1.000000E+00  3.464238E+07
       20  9.960773E+02  3.916930E+07  6.258538E+03  1.000000E+00  3.916930E+07
       21  1.064860E+03  4.476567E+07  6.690715E+03  1.000000E+00  4.476567E+07
       22  1.093078E+03  4.716958E+07  6.868012E+03  1.000000E+00  4.716958E+07
       23  1.131598E+03  5.055267E+07  7.110040E+03  1.000000E+00  5.055267E+07
       24  1.152381E+03  5.242664E+07  7.240624E+03  1.000000E+00  5.242664E+07
       25  1.207700E+03  5.758081E+07  7.588202E+03  1.000000E+00  5.758081E+07
       26  1.267114E+03  6.338564E+07  7.961510E+03  1.000000E+00  6.338564E+07
       27  1.301184E+03  6.684009E+07  8.175579E+03  1.000000E+00  6.684009E+07
       28  1.398587E+03  7.722154E+07  8.787579E+03  1.000000E+00  7.722154E+07
       29  1.431409E+03  8.088859E+07  8.993808E+03  1.000000E+00  8.088859E+07
       30  1.433130E+03  8.108321E+07  9.004622E+03  1.000000E+00  8.108321E+07
       31  1.448161E+03  8.279302E+07  9.099067E+03  1.000000E+00  8.279302E+07
       32  1.463862E+03  8.459795E+07  9.197714E+03  1.000000E+00  8.459795E+07
       33  1.468191E+03  8.509913E+07  9.224919E+03  1.000000E+00  8.509913E+07
       34  1.469442E+03  8.524421E+07  9.232779E+03  1.000000E+00  8.524421E+07
       35  1.507468E+03  8.971311E+07  9.471701E+03  1.000000E+00  8.971311E+07
       36  1.511781E+03  9.022723E+07  9.498801E+03  1.000000E+00  9.022723E+07
       37  1.553262E+03  9.524655E+07  9.759434E+03  1.000000E+00  9.524655E+07
       38  1.567924E+03  9.705317E+07  9.851557E+03  1.000000E+00  9.705317E+07
       39  1.569666E+03  9.726894E+07  9.862502E+03  1.000000E+00  9.726894E+07
       40  1.576868E+03  9.816359E+07  9.907754E+03  1.000000E+00  9.816359E+07
       41  1.599347E+03  1.009823E+08  1.004900E+04  1.000000E+00  1.009823E+08
       42  1.623223E+03  1.040199E+08  1.019901E+04  1.000000E+00  1.040199E+08
       43  1.699331E+03  1.140028E+08  1.067721E+04  1.000000E+00  1.140028E+08
       44  1.711710E+03  1.156698E+08  1.075499E+04  1.000000E+00  1.156698E+08
       45  1.734562E+03  1.187789E+08  1.089857E+04  1.000000E+00  1.187789E+08
       46  1.781183E+03  1.252497E+08  1.119150E+04  1.000000E+00  1.252497E+08
       47  1.782659E+03  1.254574E+08  1.120077E+04  1.000000E+00  1.254574E+08
       48  1.836919E+03  1.332109E+08  1.154170E+04  1.000000E+00  1.332109E+08
       49  1.837305E+03  1.332669E+08  1.154413E+04  1.000000E+00  1.332669E+08
       50  1.883905E+03  1.401128E+08  1.183693E+04  1.000000E+00  1.401128E+08
       51  1.940316E+03  1.486294E+08  1.219136E+04  1.000000E+00  1.486294E+08
       52  1.982494E+03  1.551614E+08  1.245638E+04  1.000000E+00  1.551614E+08
       53  5.995419E+03  1.419054E+09  3.767033E+04  1.000000E+00  1.419054E+09

     NOTE FROM ROUTINE GN42PE:
     ALTHOUGH      139 EIGENVALUES HAVE BEEN REQUESTED,
     ONLY       52 EIGENVALUES EXISTED IN THE RANGE 
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     SPECIFIED. 
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               ********************************************
               *  D E S I G N  C Y C L E     24 (ANALYSIS)*
               ********************************************
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               ********************************************
               *  D E S I G N  C Y C L E     24 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  4.131155E+00
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  TINDEX

                    TINDEX INFORMATION (TINDEXM = 0)
 ---------------------------------------------------------------------------
-----
 RESPONSE LOADCASE RESPONSE  WEIGHT     ORIGINAL      CURRENT       TINDEX
 ID       ID       TYPE      FACTOR     RESPONSE VAL  RESPONSE VAL  CONTRIBUTION
 ---------------------------------------------------------------------------
-----
        2        1 RMSDISP   1.000E+00  2.429604E-01  1.672832E-01  6.885203E-01
        3        1 RMSDISP   1.000E+00  2.429605E-01  1.672840E-01  6.885234E-01
        4        1 RMSDISP   1.000E+00  2.429606E-01  1.672846E-01  6.885256E-01
        5        1 RMSDISP   1.000E+00  2.429606E-01  1.672851E-01  6.885274E-01
        6        1 RMSDISP   1.000E+00  2.429605E-01  1.672853E-01  6.885288E-01
        7        1 RMSDISP   1.000E+00  2.429604E-01  1.672854E-01  6.885293E-01
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  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
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              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             2.990999E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 6.000E-03 FOR TWO DESIGN CYCLES.
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 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     6.0000E+00         0.0%
    1     5.4864E+00         0.0%
    2     5.4037E+00         0.0%
    3     5.2373E+00         0.0%
    4     5.0611E+00         0.0%
    5     4.8777E+00         0.0%
    6     4.7432E+00         0.0%
    7     4.6092E+00         0.0%
    8     4.4664E+00         0.0%
    9     4.3518E+00         0.0%
   10     4.2758E+00         0.0%
   11     4.2530E+00         0.0%
   12     4.2236E+00         0.0%
   13     4.2154E+00         0.0%
   14     4.2049E+00         0.0%
   15     4.2078E+00         0.0%
   16     4.1940E+00         0.0%
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   17     4.1761E+00         0.0%
   18     4.1680E+00         0.0%
   19     4.1605E+00         0.0%
   20     4.1550E+00         0.0%
   21     4.1483E+00         0.0%
   22     4.1420E+00         0.0%
   23     4.1361E+00         0.0%
   24     4.1312E+00         0.0%
 ***** THERE WERE        1 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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4.23 Topology Optimization Using the Beta Method and 
Synthetic Responses (TRESP2) 

Example ID:
T023

Design Data Used:
TVAR, TRESP2, DEQATN, TPROP, TSYM, TCONS, TOBJ, TRESP1

Special Features Used:
TRESP2 data entry is used to create synthetic responses in topology. DEQATN data entry is used 
to create an equations for the synthetic response. Also TVAR data entry is used to create addi-
tional design variables for the topology optimization. 

Problem Statement:
Bar modeled with 3-D solid elements subjected to torsional tip loads

Design Problem: 
Minimize each of the strain energies for the three loadcases. In this case as there are three strain 
energies associated with the three loadcses, the beta method is used. In this method, an artificial 
design variable beta is used. The objective is to minimize beta and additional constraints are cre-
ated using synthetic responses on the normalized values of each strain energy to be less than 
beta.If the value of beta is reduced, the value of the strain energy for each loadcase must reduce 
inorder to satisfy the constraints  The model is subjected to a 30% mass constraint. 
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The optimization problem formulation is as follows:
Minimize beta

Subject to
Mass Fraction < 0.3
(SE Loadcase 1) / (Initial SE Loadcase 1) - beta < 0.0
(SE Loadcase 2) / (Initial SE Loadcase 2) - beta < 0.0
(SE Loadcase 3) / (Initial SE Loadcase 3) - beta < 0.0

Problem Description:
1. The designable domain is discretized with 640 CHEXA elements.  
2. Loadcase 1: The front section of the bar is loaded with torsional loads while the 

back section is constrained
3. Loadcase 2: The back section of the bar is loaded with torsional loads while the 

front section is constrained
4. Loadcase 3: The front and back sections of the bar are constrained and a torsional 

load is applied on the mid section

Results:
The value of the objective (beta variable) value reduces from 1.0 to 0.58. 
The following figure shows the final topology result. In the figure, red structure represents the 
material to be retained while the outline represents the initial topology design space..

Figure 4-1Final Solution
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4.23.1 Input Data
The input data is quite large so only portions of it is given here. This input 
data is named T023.dat and is provide with the installation CD.

ID T023
$----------------------------------------------------------------------$
$ Data written by Design Studio for Genesis 11.0 (r616)
$ Exported on 2009-08-26 11:57
$----------------------------------------------------------------------$
$
$ Executive Control
$
DIAG = 85
POST = PUNCH
SOL COMPAT1
CEND
$
$ Solution Control
$
TITLE = BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST
SUBTITLE = WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE
LINE = 64,80
ECHO = UNSORT(PARAM,DOPT)
DENSITY = POST
$
$ Loadcase definitions
$
SUBCASE 1
   LABEL = TORSION END 1
   SPC = 1000
   LOAD = 100
   ESE = POST,ALL
SUBCASE 2
   LABEL = TORSION END 2
   SPC = 2000
   LOAD = 200
   ESE = POST,ALL
SUBCASE 3
   LABEL = TORSION MIDDLE
   SPC = 3000
   LOAD = 300
   ESE = POST,ALL
BEGIN BULK
$
$ Parameters
$
DOPT          35
$
$ Topology Optimization definitions
$
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$HMNAME TVAR        1 "Beta"
TVAR           1    Beta1.000000     0.01.000000                
TPROP          6       6        .3000000                               6
TSYM3          6      11
+            FGZ
+       .5000000        
TOBJ           7                        
$HMNAME TRESP        7 "Objective"
TRESP2         7bjective       1
+       TVAR           1
DEQATN         1 F(Arg1)=Arg1                                           
TCONS          8                .3000000
$HMNAME TRESP        8 "T_1"
TRESP1         8     T_1  MASSFR                        
TCONS          1                     0.0
$HMNAME TRESP        1 "Constraint_LC1"
TRESP2         1aint_LC1       2
+       TVAR           1
+       TRESP1L        2       1
DEQATN         2 F(Arg2,Arg1)=(Arg1/607)-Arg2                           
$HMNAME TRESP        2 "Arg1"
TRESP1         2    Arg1 SENERGY        
TCONS          3                     0.0
$HMNAME TRESP        3 "Constraint_LC2"
TRESP2         3aint_LC2       3
+       TVAR           1
+       TRESP1L        4       2
DEQATN         3 F(Arg2,Arg1)=(Arg1/607)-Arg2                           
$HMNAME TRESP        4 "Arg1"
TRESP1         4    Arg1 SENERGY        
TCONS          5                     0.0
$HMNAME TRESP        5 "Constraint_LC3"
TRESP2         5aint_LC3       4
+       TVAR           1
+       TRESP1L        6       3
DEQATN         4 F(Arg2,Arg1)=(Arg1/1.59)-Arg2                          
$HMNAME TRESP        6 "Arg1"
TRESP1         6    Arg1 SENERGY    
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4.23.2 Output
1

             GGGG    EEEEE   N   N   EEEEE    SSSSS   IIIII    SSSSS
            G        E       NN  N   E       S          I     S     
            G   GG   EEEE    N N N   EEEE     SSSS      I      SSSS 
            G    G   E       N  NN   E            S     I          S
             GGGG    EEEEE   N   N   EEEEE   SSSSS    IIIII   SSSSS 

                 STRUCTURAL ANALYSIS AND OPTIMIZATION SOFTWARE      

                              COPYRIGHT, 1991-2009           

                    VANDERPLAATS RESEARCH & DEVELOPMENT, INC.

                         ALL RIGHTS RESERVED, WORLDWIDE      

                                  VERSION 11.0

                             BUILD CODE r322/r21     BETA

     PROJECT NAME: T023
     RUN STARTED:  Sep  9, 2009 12:11
     SYSTEM TYPE:  Windows XP x86 1-CPU
     LENVEC:             127875000
     IOBUFF:               64,256K
     THREADS:                    1

     LICENSED TO: VR&D                                                        

1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    1
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                   ***   I N P U T   D A T A    E C H O   ***

                 ---  EXECUTIVE & SOLUTION CONTROL SECTION  ---

 $----------------------------------------------------------------------$
 $ Data written by Design Studio for Genesis 11.0 (r616)
 $ Exported on 2009-08-26 11:57
 $----------------------------------------------------------------------$
 $
 $ Executive Control
 $
 DIAG = 85
 POST = PUNCH
 SOL COMPAT1
 CEND
 $
 $ Solution Control
 $
 TITLE = BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST
 SUBTITLE = WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE
 LINE = 64,80
 ECHO = UNSORT(PARAM,DOPT)
 DENSITY = POST
 $
 $ Loadcase definitions
 $
 SUBCASE 1
    LABEL = TORSION END 1
    SPC = 1000
    LOAD = 100
    ESE = POST,ALL
 SUBCASE 2
    LABEL = TORSION END 2
    SPC = 2000
    LOAD = 200
    ESE = POST,ALL
 SUBCASE 3
    LABEL = TORSION MIDDLE
    SPC = 3000
    LOAD = 300
    ESE = POST,ALL
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 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                           ---  BULKDATA SECTION  ---

 BEGIN BULK
 $
 $ Parameters
 $
 DOPT    35                                                                      
 ENDDATA

     WARNING MESSAGE FROM SUBROUTINE "TP16CB".
     WARNING CODE = 169009
     WARNING: THERE IS A CONSTRAINT BOUND IN TRESP2        1 THAT
     HAS A VALUE OF ZERO.  PLEASE CHECK INPUT DATA TO MAKE
     SURE THAT THIS IS THE CORRECT BOUND VALUE.  IF THE BOUND
     DATA IS LEFT BLANK, NO CONSTRAINTS WILL BE GENERATED.

     WARNING MESSAGE FROM SUBROUTINE "TP16CB".
     WARNING CODE = 169009
     WARNING: THERE IS A CONSTRAINT BOUND IN TRESP2        3 THAT
     HAS A VALUE OF ZERO.  PLEASE CHECK INPUT DATA TO MAKE
     SURE THAT THIS IS THE CORRECT BOUND VALUE.  IF THE BOUND
     DATA IS LEFT BLANK, NO CONSTRAINTS WILL BE GENERATED.

     WARNING MESSAGE FROM SUBROUTINE "TP16CB".
     WARNING CODE = 169009
     WARNING: THERE IS A CONSTRAINT BOUND IN TRESP2        5 THAT
     HAS A VALUE OF ZERO.  PLEASE CHECK INPUT DATA TO MAKE
     SURE THAT THIS IS THE CORRECT BOUND VALUE.  IF THE BOUND
     DATA IS LEFT BLANK, NO CONSTRAINTS WILL BE GENERATED.

     WARNING MESSAGE FROM SUBROUTINE "GN1900".
     WARNING CODE = 190342
     BECAUSE PARAM,SHAPECK,1 (OR DIAG=194) WAS USED,
     WARNING MESSAGES RELATED TO ELEMENT SHAPE CHECKING 
     ARE NOT PRINTED. ALSO, ERROR MESSAGES ASSOCIATED 
     TO SAME CHECKINGS ARE COUNTED AS WARNING MESSAGES 
     TO AVOID STOPPING THE EXECUTION OF THE PROGRAM.
     IT IS STRONGLY RECOMMENDED NOT TO USE
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     PARAM,SHAPECK,1 (OR DIAG=194).

  
      TO PRINT THE ELEMENTS' SHAPE CHARACTERISTICS
      USE PARAM VALUE SHAPECK=5. 
  
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    3
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                             ANALYSIS PROBLEM SUMMARY

                   NUMBER OF GRID POINTS:                    945
                   NUMBER OF LOCAL COORDINATE SYSTEMS:         1
                   NUMBER OF CHEXA ELEMENTS:                 640
                   TOTAL NUMBER OF NON RIGID ELEMENTS:       640
                   NUMBER OF ELEMENT PROPERTIES:             641
                   NUMBER OF MATERIALS:                      641
                   NUMBER OF DEGREES OF FREEDOM:            2835

                       TOPOLOGY OPTIMIZATION PROBLEM SUMMARY

                OBJECTIVE FUNCTION:          MINIMIZE             
                NUMBER OF USER DESIGN VARIABLES (TVAR):           1
                TOTAL NUMBER OF INDEP. DESIGN VARIABLES:        481
                NUMBER OF DEPENDENT   DESIGN VARIABLES:        1920
                TOTAL NUMBER OF DESIGN VARIABLES:              2401
                NUMBER OF DESIGNABLE ELEMENTS:                  640
                NUMBER OF TOPOLOGY DIRECT RESPONSES:              4
                NUMBER OF TOPOLOGY SYNTHETIC RESPONSES:           4
                NUMBER OF POTENTIAL TOPOLOGY CONSTRAINTS:         8

                               LOAD CASES SUMMARY

                  NUMBER OF STATIC LOAD CASES:                   3
                  TOTAL NUMBER OF LOAD CASES:                    3
 
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    4
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

               ****************************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS SUMMARY)*
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               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    5
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.886400E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.358000E+03
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    6
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+01  2.000E+00  4.000E+00  2.000E+01  8.000E+00  4.000E+01  8.000E+01

1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    7
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -3.724018E-14 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        2 ; RESIDUAL : -5.371287E-15 ; STRAIN ENERGY :  6.072358E+02
 LOADCASE        3 ; RESIDUAL : -6.037465E-15 ; STRAIN ENERGY :  1.585993E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    8
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE    9
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3
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       1  3.1486E-11 -1.1109E-11  2.3483E-12  4.0000E+03  1.7888E-10 -1.6334E-10
       2  1.9895E-13  4.0380E-11 -2.8518E-11 -4.0000E+03  2.6091E-10  4.1871E-10
       3  1.9673E-13  6.3372E-13  1.2645E-13  4.0000E+02 -2.4247E-12  1.0239E-11
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   10
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   11
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                        M A X I M U M   S P C   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1511     1.6819E+02 -1.4770E+02 -7.2331E+01 -3.5208E+01
       2     1247     1.6819E+02  1.4770E+02 -7.2331E+01  3.5208E+01
       3     1247     8.3725E+00 -7.3483E+00  3.6107E+00 -1.7504E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   12
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1636     6.0724E-01 -1.1583E-15  6.0724E-01  3.6852E-16
       2     1088     6.0724E-01 -6.3879E-15  6.0724E-01  2.5544E-14
       3     1167     1.5860E-02  4.0387E-18 -1.5860E-02 -1.7022E-17
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   13
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

               ********************************************
               *  D E S I G N  C Y C L E      0 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   14
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             
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                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       aint_LC1         1    STRN. ENERGY        1        1         3.884713E-04
       aint_LC2         3    STRN. ENERGY        2        1         3.884713E-04
       aint_LC3         5    STRN. ENERGY        3        1        -2.519866E-03
       bjective         7            NONE        0        1         1.000000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   15
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

               ********************************************
               *  D E S I G N  C Y C L E      0 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  1.000000E+00

  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Beta        0.000000E+00    1.000000E+00    1.000000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   16
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             3.000000E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   17
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             
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  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    aint_LC1         1                  3.884713E-04  UB   0.000000E+00   V
    aint_LC2         3                  3.884713E-04  UB   0.000000E+00   V
    aint_LC3         5                 -2.519866E-03  UB   0.000000E+00   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE   18
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

------- Some of the output has been deleted -------

               ****************************************************
               *  D E S I G N  C Y C L E     34 (ANALYSIS SUMMARY)*
               ****************************************************
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  481
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                      M A S S / V O L U M E   S U M M A R Y

                    SYSTEM MASS              1.885275E+05
                    SYSTEM VOLUME            8.000000E+01
                    SYSTEM MASS/VOLUME       2.356594E+03
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  482
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                    E N C L O S I N G   B O X    S U M M A R Y

    LENGTH X   LENGTH Y   LENGTH Z    AREA XY    AREA YZ    AREA XZ VOLUME XYZ
   1.000E+01  2.000E+00  4.000E+00  2.000E+01  8.000E+00  4.000E+01  8.000E+01
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1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  483
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                       S O L U T I O N   R E S I D U A L S

 LOADCASE        1 ; RESIDUAL : -2.230918E-15 ; STRAIN ENERGY :  3.524072E+02
 LOADCASE        2 ; RESIDUAL :  1.339044E-14 ; STRAIN ENERGY :  3.526124E+02
 LOADCASE        3 ; RESIDUAL :  4.670318E-15 ; STRAIN ENERGY :  9.096206E-01
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  484
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                         O L O A D   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+03  0.0000E+00  0.0000E+00
       2  0.0000E+00  0.0000E+00  0.0000E+00  4.0000E+03  0.0000E+00  0.0000E+00
       3  0.0000E+00  0.0000E+00  0.0000E+00 -4.0000E+02  0.0000E+00  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  485
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                      S P C F O R C E   R E S U L T A N T S

 LOADCASE     T1          T2          T3          R1          R2          R3

       1  5.2744E-13  5.5233E-11 -2.9932E-11  4.0000E+03  7.2808E-10  1.1106E-09
       2  1.6698E-12  7.1324E-11 -4.3263E-11 -4.0000E+03  4.1649E-10  8.7169E-10
       3 -4.2766E-13 -6.0529E-13  2.3231E-13  4.0000E+02 -3.2712E-12 -6.7431E-12
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  486
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                    M A X I M U M   A P P L I E D   F O R C E

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1257     1.0000E+03  0.0000E+00 -1.0000E+03  0.0000E+00
       2     1088     1.0000E+03  0.0000E+00  1.0000E+03  0.0000E+00
       3     1167     1.0000E+02  0.0000E+00 -1.0000E+02  0.0000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  487
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                        M A X I M U M   S P C   F O R C E
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 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     1513     4.0507E+02 -3.6821E+02 -1.4489E+02 -8.6646E+01
       2     1630     3.9763E+02 -3.6096E+02  1.4376E+02  8.4555E+01
       3     1513     2.0212E+01 -1.8370E+01 -7.2436E+00 -4.3145E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  488
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                     M A X I M U M   D I S P L A C E M E N T

 LOADCASE GRID ID      MAGNITUDE      T1          T2          T3

       1     2014     3.6684E-01 -3.4991E-02  3.3676E-01 -1.4121E-01
       2     1939     3.6721E-01 -3.5229E-02 -3.3722E-01  1.4101E-01
       3     1576     9.1077E-03 -2.0408E-07  9.1077E-03  5.3257E-07
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  489
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

               ********************************************
               *  D E S I G N  C Y C L E     34 (ANALYSIS)*
               ********************************************
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  490
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                 T Y P E   2/3   R E S P O N S E   V A L U E S

       LABEL          RID        TYPE          LID   NUMBER            VALUE

       aint_LC1         1    STRN. ENERGY        1        1        -3.304979E-03
       aint_LC2         3    STRN. ENERGY        2        1        -2.966863E-03
       aint_LC3         5    STRN. ENERGY        3        1        -1.178852E-02
       bjective         7            NONE        0        1         5.838770E-01
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  491
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

               ********************************************
               *  D E S I G N  C Y C L E     34 (DESIGN)  *
               ********************************************

  OBJECTIVE FUNCTION

       OBJECTIVE FUNCTION VALUE =  5.838770E-01
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  DESIGN VARIABLE

                        INDEPENDENT DESIGN VARIABLES
   -----------------------------------------------------------------------
   DESIGN       VARIABLE      LOWER           DESIGN          UPPER
   VARIABLE ID  LABEL         BOUND           VALUE           BOUND
   -----------------------------------------------------------------------
          1     Beta        0.000000E+00    5.838770E-01    1.000000E+00
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  492
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

  CONSTRAINT

                         MASS,VOLUME         
   -------------------------------------------------------------------------
--
              PROP/MAT                    RESPONSE   BOUND   BOUND     BOUND
    TYPE         ID    TYPE               VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    MASS             0  SYS             2.998211E-01  UB   3.000000E-01   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  493
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

  CONSTRAINT

                         RESPONSE 2          
   -------------------------------------------------------------------------
--
              RESPONSE                    RESPONSE   BOUND   BOUND     BOUND
    LABEL     ID                          VALUE      TYPE    VALUE     STATUS
   -------------------------------------------------------------------------
--
    aint_LC1         1                 -3.304979E-03  UB   0.000000E+00   A
    aint_LC2         3                 -2.966863E-03  UB   0.000000E+00   A
    aint_LC3         5                 -1.178852E-02  UB   0.000000E+00   A

                          BOUND TYPE  : UB = UPPER BOUND,   LB = LOWER BOUND
                          BOUND STATUS: I = INACTIVE, A = ACTIVE, V = VIOLATED
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  494
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             
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                       ***********************************
                       * H A R D   C O N V E R G E N C E *
                       *    SMALL PROGRESS BEING MADE    *
                       ***********************************

 THERE ARE NO VIOLATED DESIGN CONSTRAINTS (GMAX = 5.0E-03).

 THE RELATIVE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.0E-03 FOR TWO DESIGN CYCLES.

 THE ABSOLUTE CHANGE IN THE OBJECTIVE FUNCTION HAS
 BEEN LESS THAN 1.000E-03 FOR TWO DESIGN CYCLES.
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  495
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

 D E S I G N   C Y C L E   H I S T O R Y

 DESIGN    OBJECTIVE   MAXIMUM CONSTRAINT
  CYCLE    FUNCTION        VIOLATION

    0     1.0000E+00         0.0%
    1     9.1836E-01         2.9%
    2     8.8217E-01         0.0%
    3     8.7270E-01         0.0%
    4     8.3545E-01         0.0%
    5     8.1198E-01         0.0%
    6     7.8030E-01         0.0%
    7     7.4844E-01         0.0%
    8     7.1537E-01         0.0%
    9     6.9939E-01         0.0%
   10     6.7556E-01         0.0%
   11     6.6631E-01         0.0%
   12     6.2489E-01         0.0%
   13     6.3528E-01         0.0%
   14     6.0900E-01         0.0%
   15     5.9743E-01         0.0%
   16     6.0338E-01         0.0%
   17     5.9348E-01         0.0%
   18     5.9121E-01         0.0%
   19     5.9011E-01         0.0%
   20     5.9285E-01         0.0%
   21     5.8773E-01         0.0%
   22     5.8727E-01         0.0%
   23     5.8844E-01         0.0%
   24     5.8911E-01         0.0%
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   25     5.8451E-01         0.0%
   26     5.8732E-01         0.0%
   27     5.8503E-01         0.0%
   28     5.8731E-01         0.0%
   29     5.8617E-01         0.0%
   30     5.8502E-01         0.0%
   31     5.8388E-01         0.0%
   32     5.8502E-01         0.0%
   33     5.8445E-01         0.0%
   34     5.8388E-01         0.0%
1GENESIS   VERSION 11.0                   DATE 09-09-2009  TIME 12:11  PAGE  496
 BAR SUBJECT TO MULTIPLE TORSIONAL LOADS WITH FGZ FAB. CONST             
 WITH NON FIXED PARTING PLANE. BETA METHOD TO MINMIZE MAX SE             

                  D E S I G N   V A R I A B L E   H I S T O R Y

 DESIGN     DESIGN
 CYCLE     VARIABLE
                1
             Beta

    0     1.0000E+00*
    1     9.1836E-01 
    2     8.8217E-01 
    3     8.7270E-01 
    4     8.3545E-01 
    5     8.1198E-01 
    6     7.8030E-01 
    7     7.4844E-01 
    8     7.1537E-01 
    9     6.9939E-01 
   10     6.7556E-01 
   11     6.6631E-01 
   12     6.2489E-01 
   13     6.3528E-01 
   14     6.0900E-01 
   15     5.9743E-01 
   16     6.0338E-01 
   17     5.9348E-01 
   18     5.9121E-01 
   19     5.9011E-01 
   20     5.9285E-01 
   21     5.8773E-01 
   22     5.8727E-01 
   23     5.8844E-01 
   24     5.8911E-01 
   25     5.8451E-01 
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   26     5.8732E-01 
   27     5.8503E-01 
   28     5.8731E-01 
   29     5.8617E-01 
   30     5.8502E-01 
   31     5.8388E-01 
   32     5.8502E-01 
   33     5.8445E-01 
   34     5.8388E-01 

                    * = DESIGN VARIABLE AT UPPER OR LOWER BOUND

 ***** THE FOLLOWING WARNINGS WERE GENERATED DURING THE RUN:

     WARNING CODE     COUNT
     ------------ ---------
        169009            3  
        190342            1  

 ***** THERE WERE        4 WARNING MESSAGES *****
1                            ***** END OF OUTPUT *****
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