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Bridge finite element model updating based on improved steady state ge-
netic algorithm

QIN Shigiang , ZHANG Yazhou, KAGN Juntao
(Swarm of Civil Engineering and Architecture , Wuhan University of Technology , Wuhan 430070, China)

Abstract: Due to the test errors and the uncertainties of structural parameters, the best local and global
solutions are all possible to be the true solution of finite element model updating. To simultaneously ob-
tain the local and global best solutions in model updating, an improved steady state genetic algorithm
(ISSGA) is proposed. The proposed ISSGA utilizes a double angle operator to select alternative solutions
of the objective function. The solutions are iteratively optimized by defining the solutions pairs, and the
global and local best solutions are eventually obtained. Two benchmark functions and model updating of
a concrete box girder bridge are employed to validate ISSGA regarding the accuracy, stability and calcu-
lation efficiency. In addition, the principle to determine the algorithm parameters is clarified. The re-
sults show that the ISSGA can obtain the global and the best local of the objective function at same time.
The double angle operator can avoid the omission of the best local. ISSGA provides a possibility to obtain
the solution of model updating wi the best justification.
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Table 3 The comparison between analytical and experimental

values of the frequencies and displacements
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Fig. 7  Sensitivity Analysis of Updating Parameters
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Table 4 The statistical results obtained from 100 independent runs of the two algorithms

E1/ (10" Pa) DEN/ (10°kg/m’) K1/ (10°N/mm) K2/ (10° N/mm) - $L2
¥ bedEE BE iR M Wi B dndEE
A a] /s
4.485 2.12x10% 2.768 1.36x107° 6.810 1.48x10" 8.901 9.80x10° 0.1375
SSGA  4.485 2.28x102 2.713 1.12x107 6.217 9.60x10° 6.845 1.69x10" 0.1429  317.34
4.151 3.15x107  2.284 2.55x10° 6.312 1.16x10" 7.053 1.26x10" 0.1730
4.485 2.96x107 2.752 1.74x107 7.537 8.62x107 8.841 1.16x10" 0.1371
4.485 1.85x10* 2.689 3.10x10° 7.960 7.65x10> 7.063 8.92x10° 0.1426
Iéi' 4.102  3.46x107 2.632 1.64x107 6.028 1.09x10™ 5.970 7.93x102 0.1600  332.93
4.386 4.23x10*  2.331 4.39x10° 7.305 9.31x10° 8.404 1.09x10" 0.1638
4.347 2.37x107  2.322  5.13x107  6.864 1.48x10" 5.638 1.37x10" 0.1755
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Table 5 The comparison of frequency and displacement before

and after model updating
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