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Structural Optimization Using Stochastic Finite Element Method
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Abstract

The stochastic finite element method (SFEM) based structural optimal design is presented.

Random system response including uncertainties for the design variable is calculated with first

order perturbation method. A method for calculating the sensitivity coefficients is developed

using the equilibrium equation and first-order perturbed equation. Numerical results are present-

ed for a truss, frame and plate structures with displacement and stress constraints. The sensitivity

calculation proposed here is compared with finite difference method. A nonlinear programming

technique is used to solve the problem. The procedure is easily incorporated with existing

deterministic structural optimization.
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Table 2 Comparison of sensitivity calculation (¢=0.01)
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Fig. 2 Cost function history for three bar truss
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Fig. 4 Cost function history for ten bar truss
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Const. iy v Ap=9 = W (W(/ 49 x100) %
tha 65789.79 60411.53 —5378.27 —5728.07 106.5
Y 65789.79 58239.37 —17550.42 —8203.69 108.7
Yhn 1392553.33 1278033.33 —114519.9 —147451.47 128.8

Table 5 Comparison of sensitivity calculation (¢=0.1)

Const. % ¥ dp=9—¢ W (/491 x100) %
Yra 65750.24 60375.43 —5374.81 —5725.26 106.5
N 65750.24 58204.41 —7545.83 —8200.28 108.7
Yin 1391713.33 1277266.67 —114446.66 —147377.75 128.8
Table 6 Results of two-member frame optimization
Design variables (m)
Case Cost (m?) F. E. G. E Time (sec)
Width Height Thickness
a=0 0.1196E-1 0.2003 0.254 0.2621E-2 10 10 0.42
a=0.01 0.1196E-1 0.2003 0.254 0.2621E-2 10 10 0.43
a=01 0.1195E-1 0.2003 0.254 0.2620E-2 10 10 0.41
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Table 7 Perturbed displacements

Perturbed value
Degree of freedom
a=0.01 a=0.1
U, 3.375E-08 0.0003
U, —1.742E-08 ~0.0002
U, 1.742E-08 0.0002

T O+ how)

dosay

Fig. 5 Two member frame
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Table 8 Results of the cantilever beam optimization

Design variables (mm)
Case Cost (kgf) F. E. G.E.
Group 1 Group 2 Group 3 Group 4
a=0 2.744 11.715 10.238 8.006 4.9591 33 8
a=0.01 2.743 11.715 10.238 8.006 4.9590 33 8
a=0.1 2.742 11.709 10.232 8.002 49493 33 8
Aukek 0.1, HAAAe] HEx o Ao HEx g
£ 0.0012 =3},
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Table 9 Comparison of the equivalent stresses

Equivalent stress a=0 a=001 | o=0.1
Oear 6.3372 | 6.3372 | 6.3309
Oeqz 58175 | 58175 | 5.8117
Oeas 48753 | 4.8753 | 4.8704
Oeas 44384 | 4.4384 | 4.4339
Ceas 3.0284 | 3.0284 | 3.0254
Oeas 26546 | 2.6546 | 2.6519
Oear 1.3359 | 1.3359 | 1.3345
Ceqs 0.7887 0.7887 0.7879
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