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Seismic performance of subway station based on failure model control

LU De-chun, LI Qiang, DU Xiu-li, WU Chun-yu
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: Based on the opinion that the collapse of the Daikai station is caused by insufficient deformation capacity of the
middle column, the failure mode of the middle column is optimized, and a new segmental cored column is proposed. 3D
nonlinear finite element simulations are established by using ABAQUS. The horizontal ultimate deformation capacity and
actual working state are obtained through the static analysis. The seismic simulation is carried out for the Daikai station with
and without segmental cored column. Then differences in seismic performance are analyzed considering the deformation of the
structure at typical time, horizontal and vertical seismic responses of the middle column and sidewalls. The results show that the
segmental cored column has excellent horizontal deformation capacity. The deformation of the Daikai station with segmental
cored column is reduced obviously, the whole structure is well preserved and no collapse occurs. The middle columns are in
safe working condition. The horizontal seismic responses of sidewalls are reduced, and the vertical settlement of the structure is
also greatly reduced. The concept of failure mode control makes a significant active effect on the seismic performance of the
underground structures.
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Fig. 1 Longitudinal diagram of Daikai subway station
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Fig. 2 Cross section of structure
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Fig. 3 Sizes and reinforcement of middle column
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Fig. 4 Failure of middle column of Daikai station
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Fig. 5 Ground subsidence caused by roof collapse
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Fig. 6 Specific construction and deformation characteristics of
segment-cored column
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Fig. 7 Global analysis finite element model
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Fig. 8 FEM model
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Fig. 9 Reinforcement of core columns and external segments
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Fig. 10 Finite element model and sizes of segmental cored column
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Fig. 11 Time-history curves of ground acceleration



1404 H O+ T OB % M

2019 4F

3.3 MR AR

il R AE LR AR AR B T ek (1 R ) = 4
PEA RIS T AR AT 32 ) . %
REMSRR A I . = S5 R ARAE AR I
BT AR B R . RN T R AT
TEEAE VT S0 8 B A AT T S — kb3, &5
A EEAEDI R LS 6~8, 20, 211 T3
MESH: p, =1960 kg/m’, ¢ =33°, v,= 03,
k=0.008, 1=0.12, ¢ =06

TR L AELSRFH ABAQUS [ 7 1 98 1t 451 {5 i 7
(CDP %) PSR L 2247 o BB 50 (iR
WM B S 5N p, =2400 kg/m’, E, =24 GPa,
v, =0.2, W16 M4 E IR0 18.8 MPa, 4 PR iR
7174 26.8 MPa, Hi{#EIRRL 124 2.4 MPa.

N TGS AR R B (R A ELBT D, K A
FEBLHE 13 S AL s BAMIAE B R b, B2
ORI FE MRS AR 52 5 ) S0P Al o B 0 s S A
JEZi T, [RI % R BB R S RS E I,
M MBS 8N p, =100 kgm®, E =1 MPa,
v, =0, REETHRAIRE. 3 22 TR 330 VR e
oA, SRR VA RA LS R TR R

WK A Mises HAHGRIEMAA, FHrh p=7800
kg/m’, E=200 GPa, v=0., JEIRR /1N 240 MPa.
5 G R T TRV R R P AR Ak, BTG 2 TR AH L
AN VIR B e, BEAR R %0N 0.4,

4 LR R M XTEE AT

I ER T HEE TS BB B IS AR AN [F) i e
NI ERE ST RE T, H DAAE A W 4 i a2 1
RAMEIN bR UE. 183 IR R SRR 45 M 30
S, SRR ARHEREAT SRR o 3 3ok 32 H > e Y
I 221 55 P A AR T B A T 06 L AT, DA St A R A
0o G TR - 1B =550 [ O = .50 N a e
s R 5 5] NS JZ S G I 4 sk g5 i R e N, 4y
T SR RS 328 1) 4 85 A 0 7 12 B SR (1) Sl
4.1 BEMSHTREDSHR

NT AR Z ISR, KRS
JEIEAEAT TR T, RIS RIS Z I OHAE
ANIE 77 o e AR T SR Rl ok &, Brik -
BHEM ALY 3.1 WA SEAHE], DR &R E
N M IRER A [, S A TV — 2 () il
4, SR ETERREAE TS T, AAETIE x
Hrrs), HEFERANER, HihFUREELE 12.

e & ENSAEEHIE 2528 0, 0.1, 0.3, 0.5,
0.7, 0.9, 1.0, 1.2, 1.5, 1.7 LAK 1.9 i (R RL,

RIS T T IO =) A2 72 UL S K ) 2 TR R %, G
K 13 fizs

12 AR &

Fig. 12 Boundary conditions of middle column
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Fig. 13 Horizontal load-displacement curves of segmental cored
column under different axial load ratios
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Fig. 14 Envelope lines of horizontal deformation capacity of

segmental cored column
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Fig. 17 Seismic responses of segment-cored column
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