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Study on dynamic performance of metro station under
seismic-moving load coupling

LIU Shilong', GAO Meng', JIAO Huihui', XING Chenguang’
(1. College of Civil Engineering and Architecture, Shandong University of Science and Technology, Qingdao 266590, China;
2. China Railway Jinan Group Co., Ltd., Jinan 266000, China)

Abstract; Underground rail transit is the lifeline of urban transportation. Due to the frequent occurrence of
earthquakes and the increasing frequency of train entry and exit in China, the structure of subway stations is
susceptible to both seismic and train loads. However, the current research on the seismic performance of subway
station structures has not considered the practical problem of seismic and train load coupling. In order to ensure the
safety of subway station structure when the seismic struck as the train was entering and leaving the station occur, a
three-dimensional refined calculation model of soil, subway station and track interaction is established. The load
form of train braking entering the station is selected to apply on the track surface, and the three-dimensional seismic
wave is input at the bottom of the model. The variation law of stress, displacement and acceleration of subway
station structure under the two working conditions of seismic action and seismic train coupling action is compared
and analyzed. The results show that under the coupling effect of seismic and train, the peak stress at the bottom of
the lower column is the highest, which is the weakest position of the station structure. After deformation occurs, the
maximum yield stress value is first reached and plastic failure occurs. In the early stage of train arrival (0~5 s),
the acceleration and displacement amplitudes of the board under seismic train coupling are greater than those under

seismic action. In the later stage of train arrival, the acceleration and displacement of the board under both working
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conditions are basically the same. Under the coupling effect of seismic and train, when the seismic acceleration is
small and the train speed is high, resonance occurs when the vibration frequencies of the two are close, leading to
the amplification of the vibration of the plate.

Key words: seismic-train coupling; underground station structure; dynamic performance; resonance amplification
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Fig. 1 Section of subway station
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Table 1 Damage plastic parameter values of station structural concrete

BRI 24 ZHUH [EAE 2 ZHUH
kA i/ MPa 32500 146 JE i I3/ MPa 13.70
THFALL 0.2 3 S IRF F1/ MPa 2.77
I/ (kg/m®) 2450 PR 0.10
e BR S 1/ MPa 29.8 kA () 36.31

®2 THERSH

Table 2  Basic parameters of soil

T B JEEE/m HPEAR R MPa THAN L I/ (kg/m?) FEHESG/ () iR J1/kPa
ES R 3 15 0.30 2020 18 12.0
ik 4 42 0.30 2010 20 19.0
higpiE 4 25 0.31 1960 12 25.0
M+ (SR 5 21 0.33 1960 14 21.5
KRR 9 61 0.31 2030 35 33.0

e 35 61000 0.21 2250 43 200.0
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Fig.2 Schematic diagram of the finite element model
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Fig.3 Time history curves of Wenchuan earthquake acceleration
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Fig.4 Distribution diagram of train axle load

 —

noooo

 m—

i
00

|

 m—
 m—
 I—
 —
 m—
—
 —
 —

g
g
e
g
g
g

" —
N —
LU‘—
" ——
—
—
D —
p—
"ud—
" p—

,l

i+ 2 i34 4

2 HRBILGF

FH T TR X SR i & A s 423 P I Sl 7 AT T I 3 U, PR X 1) 4 3 — TR A T AR A
5T, AR A5 SR [ 23 TAR TR A A4 80 42 DL ik 2 465 #)  B5ti , BBCHAL T 07 A 1~ 3 30 5 b A7
R, FEARSERIITT Hudk 9 SR UT 2 bk 40 3 /5 )2 A 7 8037 S A 5l , %o LU S E M R 43— 2
Hb T EE RS Bl A A R AR S 1, DL A R AR A i) TE A

LS SO 1 DA 2 DA 3 AR R 1) i sl o R i 4, 5 SOk 23 ] b ) Ak i 5 2
B 14 2 7 ) 8 e e 20k 3 o R gl 2 PR B T AT, 3 AT AR B SRR SRR S 1) % e 41 o R o A 2
AR RSO Fo I 1 TR SR AW IR R A A 1.2 s (520 2.86%107° m/s, SCHikH 5
W 235 B R AR 10 B R 2 BRAE 1.3 s fELREINE A 2.79% 107 m/s 5 W A 2 704 56 1040 04 A1 5ok 3 R 24 1 LA
3.5 s, fHZR 0.97x107° m/s, SCHRH SIS S AU E B B K2 BAE 3.6 s fEXTI R 1x107° m/s ;A5 3 1F
A LR R B R 2 B 4.7 s {290 -3.62x107 m/s , SCRR P 2045 50 (R A (R Ik J3 R 24 H I 7E4.8 s,
(EXTR A =3.71x107° m/'s , ASCADLT AR SCHR SIS I Pl i e {8 o5 AR — 30 IR 257F 5% LA IESN R fEFT R
BRI IE A PEAF DASOUE P LT DL, 24 bR Anr 28 R 87 4 far 2 E B I (07 00 T, A8 38 TE A 1t T I

i M ~ J\'Wﬂ "V HWW Ml o

3.0 -

%Z) dmwm m lww WWWWMN Y ;j il w

/(x 107 m/s)

o | I S
0 2 4

§ 10 12 14 16 18 k 1618
i) /s mn
Ca ) I 1828 ] 415 st 3k 32 ) A 2 (b ) I 55 2 o) 3 sty 48 I el 2
4
z 3
% H
-‘tb(
# E . -
) 4 6 14 16 18
Jlﬂ/s

Ce ) I 308 ) I 3l ik BZ IR it 2
5 A 1 AR 2 AR 3 IR

Fig.5 Monitoring point 1, 2 and 3 simulation results
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Fig.6 Stress cloud diagram of station structure under two working conditions
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Fig.7 Stress change curves of side wall and bottom plate under two working conditions
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Fig.9 Variation of shear stress with height of column
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Fig. 10 Variation of stress curves of lower column
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Table 3 Comparison of peak values of column stress MPa
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5 6.84 7.11 11.23 11.54
6 7.24 8.14 11.24 11.84
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