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Abstract: The studies on the vulnerability analysis of underground structures are still in the prelimi-
nary stages. This paper uses the single-story double-span Daikai station in Japan as a prototype to es-
tablish a finite element model the investigate the dynamic interaction between soil and single-story un-
derground structures. First, select the ground motion according to its frequency; then use the incre-
mental dynamic analysis method (IDA) to give the determination and quantitative division method of
the seismic damage state of the underground structure, finally select the suitable seismic intensity mea-
sure (IM). The results show that the ground motion records based on PGA (peak ground accelera-
tion)/PGV (peak ground velocity) classification show significant differences on the IDA curve, thus,
the rationality and randomness of ground motion selection are important guarantees for the objectivity

of seismic vulnerability curve of underground structure. The peak ground acceleration (PGA) and the
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peak site surface relative displacement (PSSRD) can be used as an effective and suitable ground dyna-

mometer for seismic vulnerable analysis of such shallow rectangular underground structures. For the

deeply buried underground structure, the intensity index for its seismic performance should be studied

further.

Keywords: underground structures; soil-structure interaction; numerical simulation; seismic perfor-

mance level; seismic intensity measure
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Table 1 Physical parameters of soils in site
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Table 2 Ground motions selection

i Hh 2 A I 5% 15 il PGA/g PGV/(mes ) PGA/PGV
1 Imperial Valley-06;1979 El Centro Array #10 0.173 0.507 0.342
2 B HLRS , 2008 IR\ S 0.586 1.152 0.508
3 Erzican Turkey;1992 Erzincan 0.496 0.782 0.635
4 Imperial Valley-06;1979 El Centro Array 57 0.341 0.517 0.659
5 Imperial Valley-06;1979 El Centro Array #6 0.447 0.670 0.667
6 Kocaeli-Turkey;1999 Izmit 0.165 0.223 0.740
7 Imperial Valley-02;1940 El Centro Array #9 0.280 0.309 0.906
8 Kobe _ Japan;1995 KIMA 0.834 0.911 0.916
9 Northridge-01;1994 LA-Sepulveda VA Hospital 0.753 0.777 0.969
10 Imperial Valley-06;1979 El Centro Array #5 0.529 0.489 1.081
11 Loma Prieta; 1989 Corralitos 0.645 0.560 1.152
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18 Niigata; 2004 FKSH21 0.252 0.145 1.741
19 WML, 2008 5192 0.957 0.509 1.882
20 San Fernando; 1971 - 0.382 0.164 2.334
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Fig.4 IDR distribution of each seismic performance grade
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Table 3 Seismic performance level of Daikai underground subway station

o o DM {15
Rt R — ™ . A DM
T.Liuet al."(2017)  Z.L.Zhong et al."” (2020) £

FARSE ST % 0, =0.11% 00 0.12%% 01 <0.130 N.A.
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