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Structural Optimization for Non-Linear Behavior Using Equivalent Static Loads (IT)
— Structural Examples —
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Abstract

In part I of this papter Nonlinear Response Optimization using Equivalent Static Loads (NROESL) method/algorithm
is developed to conduct optimization for nonlinear behavior structures. The method/algorithm is also verified to show
its convergency and optimality. In this present paper, the NROESL algorithm is applied to several structural problems
with geometric and/or material nonlinearity. Conventional optimization with sensitivity analysis using the finite
difference method is also applied to the same examples. The results of the optimizations are compared. The
proposed method is very efficient and derives good solutions.
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Table 1 Optimum results for the ten bar plane truss

Design varizbles e e o el
42
(x107m) NROESL Method NROESL Method NROESL Method
1 873.32 871.02 995.14 1003.40 935.45 995.15
2 0.645 0.645 0.645 0.645 0.645 0.645
3 811.33 809.41 862.61 859.97 746.47 736.54
4 404.46 403.39 497.28 485.51 492.29 353.49
5 0.645 0.645 0.645 0.645 0.645 0.645
6 0.645 0.645 0.645 0.645 0.645 0.645
7 611.73 609.77 609.89 608.12 642.87 637.97
8 608.77 607.05 703.12 702.77 768.78 673.53
9 626.14 624.59 703.73 700.75 637.73 729.58
10 0.645 0.645 0.645 0.645 0.648 0.645
Mass (kg) 11.91 11.87 13.19 13.15 12.85 12.59
. Number of 5 13 10 11 1 14
iterations (cycles)
Number of 5 256 10 218 11 301
nonlinear analyses
Number of
nonlinear malyses } 125 ) 107 ) 160
except for gradient
calls
Total number of
iterations for linear 16 ) 37 } 42 _

response
optimization
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Fig. 4 Stress-strain curve of the material for the ten
bar plane truss
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Table 2 Optimum results for the arch type shell structure
Design variable ( x 10> m) Design | Design I
Initial Conventional Initial Conventional
design NROESL Method design NROESL Method
I8 1.0 2.1847 2.0524 25 1.9154 2.2752
t 1.0 0.1000 2.1230 25 2.4995 0.1000
t 1.0 2.6345 2.1977 2.5 1.8639 2.4872
Mass (kg) 31.01 49.94 65.92 77.53 65.16 4931
Omax (MPa) 1782.4 499.58 500.0 332.57 501.28 499.97
No. of iterations (cycles) 11 6 11 13
No. of nonlinear analyses 11 40 11 61
No. of nonlmear' analyses ) 2 ) 2
except for gradient calls
.Total no. of lteratTor?s fgr 50 i 4 )
linear response optimization
b by by
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Fig. 6 Boundary and loading condition of a b by by
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Table 3 Optimum results of the quadrangular plate

Optimum results

Design variable (m)
NROESL Conventional Method
1 -0.0172 -0.0268
2 0.0367 0.0568
3 0.2 0.1586
Mass (kg) 20.992 22.879
Number of cycles(iterations) 7 16
Number of nonlinear analyses 7 215
Number of nonlinear analyses except for gradient calls - 167
Total number of iterations for linear response optimization 48 -

I
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. S o s
0 2 % i 55 e S e e
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AL A
,,,,,,,,,,,,, Initial design
e Optimum result of conventional
method
~— Optimum result of NROESL

Fig. 8 Initial design and optimization results of the
quadrangular plate
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Fig. 9 Stress analyses of initial design and

optimization results
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