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Influence of Undercrossing Tunnel on Seismic Response of Subway

Station Structure
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(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of
Technology, Beijing 100124, China)

Abstract: The seismic response of subway stations is inevitably affected by the adjacent tunnel engi-
neering. In this paper, three-dimensional non-linear numerical analysis models of a tunnel passing un-
der the Daikai subway station are established using the ABAQUS platform. The simulation cases are
set considering different ground motions and varying clear distances between the tunnel and the station
structure. The influence of an undercrossing tunnel on the seismic response of subway station structure
is quantitatively analyzed from the point of view of failure ratio and vertical deformation of the structur-
al components, and compared with the seismic response of the prototype Daikai station without an un-
dercrossing tunnel. The results show that the failure ratio of the central column and the lateral wall of
the subway station structure increased with the existence of the undercrossing tunnel (the correspond-
ing maximum increase rate is 35% for the central column and 26 % for the lateral wall). The vertical
deformation of the bottom floor increased maximumly by 100% . With the increase of the cross clear-

ance, the seismic response of the central column and the lateral wall reduce, while the vertical settle-

* IS HE7:2020-02-12; & B B 85 : 2020-06-28
EEWB :HEARPHE ST H (52025084) ¥F Bl
EEB N BEHA977—), B 4%, e . TENF A L ST TR AR B SR TR

E-mail: dechun@bjut.edu.cn

445



ment of the bottom floor increase. The influence area of the undercrossing tunnel on the seismic re-

sponse of the station structure is about 3 times of tunnel diameter. The research results have certain

reference significance for the design and analysis of the subway station structure where the tunnel pass-

es through in a short distance.

Keywords: Daikai subway station ; undercrossing tunnel ; failure ratio; clear-distance ; seismic

response
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Table 1 Physical parameters of soil layer of Daikai station

site
T2 ®E/m %E/, R HEE /N
(geem ™) (mes™")
1 0~1.0 1.9 140 0.33
2 1.0~5.1 1.9 140 0.32
3 5.1~8.3 1.9 170 0.32
4 8.3~11.4 1.9 190 0.40
5 11.4~17.2 1.9 240 0.30
6 17.2~22.2 2.0 330 0.26
7 >22.2 — — —
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Fig.1 Cross-section diagram of the structure
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Fig.2 Size and reinforcement diagram of the central column
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Fig.3 Finite element analysis model
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Fig.4 3D finite element model of Daikai station structure
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Fig.5 Time history curves of horizontal acceleration of

ground motion
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Table 2 Material property of the surrounding soil

ZH fH 28 18
FE/(kgem *) 1960 47 5 K 0.12
HEL/ 24 0.3 [EECEER 0.008
FERES/ () 33
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Table 3 Material property of the concrete
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Table 4 Details of the simulation cases
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Fig.6 Loading scheme and failure standard of the compo-

nents
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Fig.7 Time history curves of the failure ratio of the central

column
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Table 5 Maximum failure ratio of the central column

Hi = LEREN W& IH — & 28 400l 58 X
iR ok 0.25r 0.5r 0.75r 1r
Hanshin 0.41 0.52 0.48 0.45  0.42
Chi-Chi 0.48 0.65 0.61 0.57  0.49

R6 hHMELEXE

Table 6 Maximum axial forces ratio of the central column

Hh = LN B% 3 5 42 il v ] R

TReTS il 0.25r 0.5  0.75r 1r
Hanshin 0.47 0.45 0.45 0.44 045
Chi-Chi 0.47 0.45 0.46 0.45  0.46
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Table 7 Increase of failure ratio of the central column

HE W% 18 5 2 v v ] i

ik 0.25r 0.5r 0.75r 1r
Hanshin 25% 15% 7% 2%
Chi-Chi 35% 26% 18% 2%
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Fig.9 Time history curves of the failure ratio of the lateral wall
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Table 8 Increase of failure ratio of the lateral wall
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