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Fig. 1 Vertical section of main structure (Unit: mm)
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Fig. 2 Cross section view of main structure (Unit: mm)
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Fig.3 Structural diagram of station bridge integration
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Fig.4 Structural diagram of station bridge separation
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Fig.5 Finite element model of station bridge composite

system
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Fig. 6 Schematic diagram of plastic hinge
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foundation structures
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Fig. 11 Seismic wave fitting spectrum
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Fig. 13 Seismic wave input direction
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Fig. 18 Dynamic response of pier bottom
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Fig. 23 Deformation of pier of station-bridge separation

structure
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Wl 45 1 D =X rp A 3880 Uk B 7 B IR 2
(level 2) , BRI aE A S8 PR IR 25 09 B ) A fi R 30 — 35 40
ErREE S K 27,28 Ff R L7 0.11 s 5 0.35 s
BF, 3 A7 B — 45 4 1 [ B8ORS 40 N 15 O8UIR 4
S B B B, LR 1.69 s F14.80 s I, i HF 43
BIEE R 15 UM 35 BOBUR A 43 Sl itk N BB Y B

Sl M 43 B 45 R e AT S B P TR S 1 ) ) B
Mo, XS BGH —E IERAE . WA — 45

[+T=0Hs 1B

B 27 Sl — G5 R I P IR 2 ) i)
Fig.27 Plastic state time of station-bridge integrated

structure

|—>T= 1.69 s

128 Ul A 43 25 A5 Rt 3008 P IR 2 I i)
Fig. 28 Plastic state time of station-bridge separation

structure

BT Bl A S A B B R 5 5 S it A 0 1 4
ey Hp B G R A R B BE T P i O O S 45 R X [ RE
SECAB 0 1) S % A T S W A X R AR A AR B TR R
PRI

6 & it

AR SCAR T HE S B b 4 ks M SR 5 4, 1 FH A FR
JCA BT B A MIDAS/Civil 857 T o & — 454 5
SRR 53 B AR 0 = 4E R ek 3 ) A R OC R R AT
GY AT, X B o 2 4 8 XA R Ao AR v g e g LA
FAR I N 22 5 A9 2538 I F

(1) DA b Bk 4= 3 21y o 1oy >k &, 983 o s A 4 5 1
Z2 O B X R A Ak i ST R 4 Bl i 1 K - B
R T S TR T b AT 43 S A AT A I AP b Ak
Sl S P S R RN B ) KT B R B R T K
SE R BEIR TR R RE



1420 & 3 T

%36 &

(2) AR 3l 3 0 2K 7, W f i A 2L 5 1 R T
SE BN T 0 LS o Sl O S S AL R AR R AR B )
My 157 7K P AER T B & — 254, ELAR R B A8 T A
Bl W R B R B AR . E A o B
S5 KA R Sk Bl 0 RS AT AR 22 5, B B AR IR
BRAARALFS

(3) AR A R T, il 1 AL 45 1R A% vh AT S
e BRSO L o Sl AT 0 B S A A B A e 2
B M B IB A R A B IS I SR X S A A —
2% R E T R R GRAE AR B AL R R
PERE

()T B L5 A FR S br TR BT h, B4 & T
i B S B D, D0 56 18 35 3 B 20 B 254, BTt i
08 P SRS T Ak K i S A A A PN T R
[ s 07 8 T B TR R X 57 B B i 1 8 O BR A6

2% X #k:

(1] A NRFREEZS R . hE g M e
A R E G A, 2018.

National Bureau of Statistics of the People’s Republic of
China. China Statistical Yearbook [ M ]. Beijing: China
Statistics Press, 2018.

(2] e CRIGFNE AR b5 AR 2 A i . b ki #LYE -
GB 50157—2013[S]. b5t . o [ 50 Tl th hi 4t
2014.

MOHURD. Code for design of metro: GB 50157—
2013[S]. Beijing: China Construction Industry Press,
2014.

(3] AR AR LA £ by A 2 e 500 . 3k T 900 22 3 45
FPURZ BRI . GB 50909—2014[S]. b5t
Tl pAt, 2014,

MOHURD. Code for seismic design of rail transit struc-
tures: GB 50011—2014 [S]. Beijing: China Planning
Press, 2014.

(4] BRTE ., BRim A, BT464E . uith & — N 2245 sh
FEE R HT R e A (7). i B, 2021, 41(2) -
211-214.

(5] HW, 2= Bk . SR 00k I ol AR B I 2 4 1 25 W T

ViRl TR S5 #E Sk, 2005, 27(3) -
73-717.
Dong Cheng, Li Zhongxian. Structural design and seis-
mic analysis of integral station-bridge structure in light
railway [ J]. Earthquake Resistant Engineering and Ret-
rofitting, 2005, 27(3): 73-77.

(6] fiA&ZE, 251, Bk, 5. Wi G — "4l S PiE
PEREPEAG B9 g (k7L (7], kb 5 nbity, 2014, 33(5):
137-142.

Ni Yongjun, Li Zhao, Yang Na, et al. Simplified evalu-

[7]

(8]

[9]

[10]

[11]

[12]

[14]

[15]

ation method for seismic performance of integrated sta-
tion-bridge structures [J]. Journal of Vibration and
Shock, 2014, 33(5): 137-142.

Zhao Yushuai, Zhang Yingying, Xu Junhao, et al.
Shaking table test on seismic performance of integrated
station-bridge high-speed railway station[J]. Struc-
tures, 2022, 46: 1981-1993.

E#k, vk Ty, BRSNS — B R B o B A
PR PEREBT T[T ] A, 2009, 39(12): 23-27.
Wang Yi, Zhang Li, Zhen Wei, et al. Study on seimic
behavior of large bridge-station combined railway station
[J]. Building Structure, 2009, 39(12): 23-27.

SR, XL, Rk, S U A — " A Ak gl
o3 WA S 2 B AE (D], BROE Bl 5 TR AR AR,
2023, 20(2): 671-681.

Guo Xiangrong, Liu Jianghao, Wu Yefei, et al. Re-
search on the influence parameters of the dynamic re-
sponse of the elevated station with ‘integral station-
bridge system’ [J]. Journal of Railway Science and En-
gineering, 2023, 20(2): 671-681.

AR Ak R R D B 5 W 3 A
[D]. 754 P4 AR R, 2019.

L1 Jingyuan. Static analysis and seismic response mecha-
nism analysis of integrated station-bridge elevated metro
station structure[ D ]. Xi’an: Xi’an University of Archi-
tecture and Technology, 2019.

2=k, SRR, TR R UBR IR O 45 R R R PR S
rS Mo (J]. s TR S TRk, 2003, 23
(6): 163-168.

Li Zhongxian, Zhang Yuan, Ding Yang. Seismic analy-
sis and isolation for station-bridge structures of light rail-
ways [J]. Earthquake Engineering and Engineering Vi-
bration, 2003, 23(6): 163-168.

YT, KR, BRWD . A [ 8 b A st R
skt [J ] BRIEEE, 2017, 43(4): 96-99.

Dong Yixin, Zhang Qiang, Chen Ming. Design of met-
ro-viaduct combined structure[J].
2017, 43(4): 96-99.

WIS M B 5 e SR [ 30 ) 02 03 B XA Uy R i
THREZELT ). S PUE A TS, 2018, 21(12): 92-96.

Hu Xianpeng. Design of the metro station and viaduct

Railway Survey,

assembly with simultaneous separation construction[J].
Urban Rail Transit Research, 2018, 21(12): 92-96.
. R T BRIC 1 i 8L ja) 0 52 Y R AL 2 7 48
BrT). TR E#E, 2020, 34(5): 900-902.

ERM, RIEE, TR R AR AR A
BELT]. tH A% TR, 2004, 20(3): 109-113.

Wang Fengchi, Zhu Fusheng, Lin Yong. Analysis on
shock absorption efect of composite foundation cushion
[J]. World Earthquake Engineering, 2004, 20 (3) :
109-113.



o5 FEUh T, A5 BRI N TR S B 45 PR R RS R REXT LLATT Y 1421

[16] #BR, 28 H, 52 4%, 5 R LR S ARES multiaxial Bouc-Wen model in the finite element method
WK I IR B sE [T]. TR %, 1999(6) : 5-8. [D]. Tianjin: Tianjin University, 2017.

[17] BEE, S, B, % EHaglS0saaX (19] #7280 W BE Al e B W T2 205 40 522 i) 7 1) 5 Il BF
Ui R A R VERE SRS [T ], R AR 4, 2018, 35(5) FELI]. ARIR N B, 2016(6) : 32-34.
45-50. [20] 2=, T4 . TRAWIRSITIM]. dbat: &%
You Zhihui, Guo Yangyang, Nie Fei, et al. Discussion HE WAL, 2010.
on seismic performance of connection and separation in- Li Aiqun, Ding Youliang. Aseismic Analysis of Engi-
tegrated station-bridge structure[J]. Special Structures, neering Structures[ M]. Beijing: Higher Education
2018, 35(5): 45-50. Press, 2010.

[18] skl = . Z % Bouc-Wen # 5 JF & Je 8 A PR JT o 1 i [21] Federal Emergency Management Agency. Prestandard
HID]. Kt KRR, 2017, and commentary for the seismic rehabilitation of build-
Zhang Jingyun. The development and application of ings: FEMA 356[ R]. Washington, D.C., 2009.

Comparative study on seismic performance of different station-bridge

composite systems under strong earthquakes

JIAO Chi-yu'?, REN Chao®, LIU Neng-wen*, QIN Yong-gang', CHENG Mian-zhou’
(1.Beijing Higher Institution Engineering Research Center of Civil Engineering Structure and Renewable Material,
Beijing 100044, China; 2.Innovation Center for Future Urban Design, Beijing University of Civil Engineering and Architecture,
Beijing 100044, China; 3.Multi-Functional Shaking Tables Laboratory, Beijing University of Civil Engineering and Architecture,
Beijing 100044, China; 4.Beijing Municipal Engineering Design and Research Institute Co., Ltd., Beijing 100082, China;
5.China Architecture Design and Research Institute Co., Ltd., Beijing 100044, China)

Abstract: In order to systematically compare the seismic performance of different station-bridge combination systems, two three-di-
mensional finite element nonlinear dynamic analysis models of station-bridge integrated structure and station-bridge separated struc-
ture are established based on a practical project. Based on the comprehensive consideration of the nonlinearity of the pier column
and the nonlinear sliding friction effect between the spread footing foundation, the gravel cushion and the subway roof, the dynamic
response of the two structural forms under strong earthquakes and the damage mechanism of the pier are discussed in depth. It
shows that within the scope of this paper, the dynamic response of the subway station columns under the bridge piers in the two sta-
tion bridge combination systems is greater than that of other columns. Compared with the station-bridge integrated structure, the
station-bridge separation structure can effectively reduce the bending moment and shear response of the pier in the subway station
column and bridge structure. The relative displacement of the pier and beam is smaller, but there is a certain residual displacement.
At the same time, the damage level of piers in the station-bridge separation structure is lighter and the plastic state appears later
than the ones in the station-bridge integrated structure. In conclusion, the seismic performance of the station-bridge separation struc-
ture is better, but in practical engineering, it is necessary to pay attention to the limitation of the residual displacement between the

pier and girder, and the foundation slip.

Key words: station-bridge combination system; station-bridge integrated structure; station-bridge separation structure; seismic

performance ; time history analysis
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