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Seismic response and vulnerability analysis of simply supported beam aqueduct
structure based on machine learning method

WEI Fangfang' , LIN Aoqing', ZHAO Youzheng', WANG Yongquan’, CHEN Zhuoran'
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China;
2. School of Civil Engineering and Architecture, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: In order to improve the speed and accuracy of seismic response prediction of aqueduct structure, Jiehe aqueduct was
studied, and Midas Civil-2021 was used to construct the finite element model. On the basis of verifying the reliability of the finite
element model, the sample data were obtained, and the machine learning model was constructed by using the long short-term memory
(LSTM) algorithm and the time series transformation ( TSTF) algorithm to predict the nonlinear seismic response of the aqueduct, and
the prediction results were optimized by adjusting the time window size and sampling period. The prediction results of the displacement
response at the top of the pier show that the average accuracy of the LSTM model and the TSTF model is 76. 22% and 88. 30%,
respectively. Compared with the prediction speed of the finite element model, that of the LSTM model and the TSTF model is improved
by 128.54% and 47. 90%, respectively. The analysis results of the vulnerability of the aqueduct structure show that the damage
exceedance probability of the pier gradually increases with the rise of the water level.

Key words: simply supported beam aqueduct; seismic response prediction; machine learning; long short-term memory algorithm ; time
series transformation algorithm
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Fig.3 Comparison between displacements predicted by LSTM model and real values at pier top
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Fig.4 Comparison between displacements predicted by TSTF model and real values of the pier top
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Table 5 Comparison results of model generalization ability

Hh R U T ARG =R/ %
IR g LSTM-1 LSTM-2  LSTM-1 il LSTM-2 Z{H A4 X TSTF-1 TSTF-2 TSTF-1 Fll TSTF-2 22 {1 1) 26 %
0.2 81.25 83.59 2.34 88.73 87.18 1.55
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Fig.5 Seismic vulnerability curves of aqueduct pier
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