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Application of finite element inverse model based on improved particle
swarm optimization and mixed penalty function
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Abstract: The inverse analysis in geotechnical engineering is a typical complicated nonlinear function optimization problem. To
solve this problem, the global optimization algorithm is a very good method. In order to offset the disadvantages of low searching
efficiency using traditional methods of back analysis, the particle swarm optimization and genetic algorithm are hybridized to
construct a global optimization algorithm according to their compatibility and algorithm complementary. A new evaluation function
method is established which unites multiobjective function to single objective function according to the actually measures and
corresponding calculated results. The mixed penalty function method is adopted to transform constraint condition to unconfined
condition and a new objective function is presented. Based on the improved particle swarm optimization, the program of back
analysis is coded, in which ABAQUS is embedded as a module in the optimization algorithm. Through a tunnel model as an example,
the proposed inverse program is verified; and the results show that this method is a very good inverse analysis method and its
efficiency is very good. So the proposed method is a feasible method for back analysis of stress, seepage and displacement in
geotechnical engineering.
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Fig.1 Flowchart of optimization inversion code of
geotechnical engineering
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Fig.2 Numerical model
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Fig.6 Iteration process curve of back analysis
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Table 1 Comparison between theoretical and
numerical strain

s HRAE/10 S AE/107 WEEE %
Cll 508.2 508.105 1 0.018 7
ci12 301.1 301.105 5 0.0018
C31 353.6 353.646 8 0.0132
C32 611.7 611.636 8 0.0103
cs1 465.2 465.184 1 0.003 4
C52 695.2 695.186 8 0.0019
c71 511.1 511.0713 0.005 6
c72 303.1 303.080 1 0.006 6
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Table 2 Initial setting and numerical results of
undetermined parameters

S H s i X 1) s i 45 FSE X% %
k, 0.3~0.8 0.713 1 0.68 4.867 6
ky 0.5~0.95 0.8725 0.89 1.966 3
0/(°) 32.0~80 327411 32.70 0.1257
Eg / MPa 0.3~300 7.5322 7.50 0.4293
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