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Seismic Performance Evaluation of Station Structures
Based on IDA Method

ZHONG Zilan, YAN Zhihao, SHI Yuebo, ZHAO Mi, DU Xiuli
(Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology,
Beijing 100124 , China)

Abstract: A new method for seismic vulnerability analysis of multi-story and multi-span underground
structures based on nonlinear incremental dynamic analysis (IDA) was presented. A two-dimensional
finite element model was established for a typical three-storey and three-span subway station by
considering nonlinear soil-structure interaction. The equivalent linear model was adopted in the analysis
to simulate the shear modulus degradation and damping characteristics of the soil under seismic
excitations. The hysteretic behavior of the multistory underground structures under ground shaking was
simulated by using fiber beam-column elements. A set of 21 ground motion records selected from the
PEER strong earthquake record database were uniformly scaled based on the median peak ground
acceleration to different intensity levels as the input ground motions at the bedrock of nonlinear IDA. 1t is
found that the peak acceleration and peak velocity at the ground surface are efficient and appropriate
intensity measures of the ground motions for the prediction of seismic response of the shallowly buried
multistory underground structures and can be used to construct the seismic fragility curves of underground
structures. Besides, the seismic fragility curves obtained from this numerical study were validated against

the existing empirical and numerical seismic fragility functions of buried rectangular underground
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structures. The validated fragility curves can be used as an effective tool to quickly assess the seismic

performance of the underground structures.

Key words: subway station structure; seismic fragility curves; incremental dynamic analysis (IDA) ;

intensity measure ; seismic performance assessment; failure probability
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Table 3 Ground motion records selected in this paper

K = Bl mHE/ km PGA/g
1 San Fernando LA-Hollywood Stor FF 22.77 0.225
2 Friuli Ttaly-01 Tolmezzo 14.97 0.357
3 Imperial_Valley-06 Delta 22.03 0.236
4 Imperial _Valley-06 El Centro Array #11 12. 56 0.367
5 Superstition Hills-02 El Centro Imp. Co. Cent 18.20 0.357
6 Superstition Hills-02 Poe Road (temp) 11.16 0.475
7 Loma Prieta Capitola 8.65 0.511
8 Loma Prieta Gilroy Array #3 12.23 0.559
9 Landers Coolwater 19.74 0.284

10 Landers Yermo Fire Station 23.62 0.245

11 Northridge-01 Beverly Hills-14145 Mulhol 9.44 0.443

12 Northridge-01 Canyon Country-W Lost Cany 11. 39 0. 404

13 Kobe Japan Nishi-Akashi 7.08 0.483

14 Kobe Japan Shin-Osaka 19. 14 0.225

15 Kocaeli Turkey Arcelik 10. 56 0.210
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