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Tab. 1 COV-SSI modal identification results

Mg BiRMz  E/% Brg  BiRMz  E/%
1 14.979 0.129 7 67.472 0.003
2 29.991 0.060 8 74.972 0.004
3 37.487 0.015 9 82.463 0.001
4 44.982 0.001 10 89.965 0.005
5 52.481 0.002 11 97.460 0.001
6 59.976 0.005 12 104.323 0.327
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Tab.2 Finite element modal analysis calculation results
& THA{H/Hz & THA{H/Hz R THA{E/Hz g3 T {H/Hz
1 15.326 4 48.377 7 61.102 10 93.276
2 24.394 5 52.863 8 61.176 11 95.576
3 34.909 6 54.903 9 92.989 12 103.590
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Tab. 3 Finite element model updating results
BRilEY ARICEE R W E SRR LRI E ST W E LSRN ZIRIRTE

e Ho He W5 Rz EELERM, R WHIIRE/% R %
1 14.96 15.30 15.40 15.40 2.27 2.95 2.97
2 29.96 24.30 24.52 24.52 18.89 18.17 18.16
3 37.49 34.90 35.08 35.09 6.91 6.42 6.41
5 52.48 52.86 53.13 53.13 0.73 1.23 1.24
7 59.98 61.10 61.41 61.41 1.88 2.38 2.39
9 89.96 92.99 93.45 93.46 3.36 3.87 3.89
11 97.46 95.58 96.05 96.06 1.93 1.45 1.44
12 104.32 103.59 104.10 104.12 0.70 0.21 0.19
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A finite element model updating method for aqueduct structures based on

Bayesian theory

WU Xijie!, ZHANG Yan?, YIN Jinbu', HE Junling!, ZHANG Yao'

(1. College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, China; 2. State Key
Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100038, China)

Abstract: The structural condition of aqueducts changes over time due to various influencing factors. Consequently,
parameters used in finite element analysis may not reflect the real-time state of the structure. Therefore, it is necessary
to update the finite element model parameters by monitoring the dynamic response of the structure to accurately assess
its operational state. This paper proposes a finite element model updating method based on Bayesian theory. The
method uses deterministic model updating results as the initial parameters for the uncertain model update. The posterior
distribution of model parameters is obtained using the Metropolis-Hastings (MH) algorithm. By integrating ABAQUS
finite element models with MATLAB updating programs, automatic parameter updating for complex structural finite
element models is achieved. An aqueduct model test was conducted to validate this method. Results indicate that using
deterministic updating results as initial parameters for Bayesian updating improves computational efficiency by 25%,
with an updated error range of 0.19% to 6.42%. This updating method effectively enhances the predictive capability of
finite element models.

Key words: finite element model; model parameter updating; Bayesian theory; MH algorithm; stochastic subspace

identification method
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