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Nonlinear Seismic Response Analysis of Integrated Subway Station Structure

HAN Xuechuan, TAO Lianjin, AN Shao, SHI Ming
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,
Beijing University of Technology, Beijing 100124, China)

Abstract: Based on the ABAQUS software, a large-scale three-dimensional finite element numerical
model of the underground subway station-soil-superstructure integrated structure was established. The
seismic response law and failure mechanism of the superstructure integrated subway station structure
were calculated and analyzed, and the differences in seismic response between superstructure integrat-
ed subway station structures and monolithic station structures were discussed. The results show that
the natural vibration frequency of each order of the integrated structure in the subway superstructure is
relatively close to that of the free site, and the presence of the subway superstructure has little effect
on the dynamic characteristics of the site; The damage and destruction area of the integrated subway
station structure is mainly distributed in the location of the intersection of the floor slabs and wall col-
umns under the effect of strong earthquakes, especially in the location of the center column and the top
and bottom of the side walls. The seismic response of the monolithic station structures and the integrat-
ed subway station structures is different. The seismic response of the integrated subway station struc-
ture is slightly smaller. The seismic response of the superstructure subway station is simultaneously af-

fected by the superstructure and surrounding soil medium. The superstructure has a significant impact
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on the integrated area of the superstructure and the surrounding soil obviously affects the non-integrat-

ed areas.

Keywords: integrated structure; earthquake response; failure mechanism; subway superstructure
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H AT, O T 52 2% 45 1) S &R 3 Hb 1 45 4 5 b 45
A BEAE R R 2, sk RFEYIET ABAQUS
DR T MR AR o S L b 35 A5 R AR R 0 b R
NERFAE BRI ) b 5 2 5007 A 5 R I R Y 52
Wi, T EME SRR B ANSYS AT R G F S T —
F ) WA JEAE SR B A K b R Al ) A T
AR R WE Y T b b 2 R R Ml T 4 R Hb R Bl ) e
(52 M0 2805 K. Pitilakis % g1 % b T FRE % 18 7%
Wi 157 KR AT TS, 43 0 25 T S I 2 A A AR
b, 2 235 ¥ (9 5 W) 5 S 4 Sl DA 3 b 288 TR R B IR A
D5 BT A SR R S5 Y VS . E.
S.M. Robb 45" LA sl 5 J Sy A BEA A S 50 AT T
BBt A 5E 1 AR AR R MUk — S5 R AR BLAE
FH L3 50 25 5 1k 3 FUI 5 B S Rl . J.S. Choi %7
H. Huo %" [R.W. Boulanger 2"l i ## F 454 5
b THT 45 A8 b R W N R X bE A A T — S e LA
Y T Bk I 5 — Mk 45 R s R R JLAR A K
ELE UL bk A B, i B Ak 2 a2 0 B L 35 R A
AHXF B/ R Bk 6 5 L dbis Wk o Hb gk b3
25 1) 1) b, 5 ) N7 R R R D ML B o R I [ B
B HUAT My X 385 T B8 A 3E 2 A M TR E 1 4
A5 35 A DGR AR (L /D B X b 2k 1 55 25 4 4T
RV THE N, X 5 R R b5 2 R A
K S AT o

AL UL BEAE R I — RS i oy TR
S, A T ABAQUS 31 #5717 MR MR 4 —
+— b I A A S5 R R B = YR R T (A

RS BIF5E 1 b i — M A b Bk 4 ol 235 ) el 5 v 7 R
FEFBIAHLEL, BT T E R Bk Ak 454 S
AR 7l 45 R iR W LAY 22 S LD O AR AL AR Y
PR BOHE S H M

1 TR bEE—FEUERNERNE
PRIT it E R

1.1 tEER

AR CHETF A BRI ABAQUS, LK 7E £ b
B — R (B 1) 75 5 dlE 57 7 T ek
Feul-4 - b A S — R 5 R 1 KR = 4k A B T K
EABAL, Bk 2 2 = SR AL S M, a5
F S IEHESREEM  Hp e B8 22.4 m, 15 14.2 m, T
B )= 0.8 m, o bR JE 0.4 m, i RS 1.0 m, ] 55 J5
0.8m, TH#I0.8 mX1.2m,mE7.2m, [ #4
FJE 3.6 m, M 52 1 22 AR 0.8 m X
0.8 mo 2 JEFI 1A% AL (14 v 35 250N, A HRORE A8 v )
IX 38k oA W 55 38 BB, L 1 Ca) BE s 3l o o T L
T 5 Hb B 2 Sk 45 R AR KT MR BT Y M E B
J3 e 1 R, 48 s b 5 b Ak 7 sk 45 A8 (1) Hb R A R ML
il o R JE X b b s — b Bl A 3 2 e A
B R R 7 Y 25 5, DL O A DL TR Y B AR R
gt S %,

5T ABAQUS sy +- b s — kb 2544 ”
YA R OTH-S) IR A T AR - 5 Rk
4 b IR 2R BB B T R SF R 158 m X 83 m X 46 m,
T o e SRR 5 AR, M LS 1 R ST S 45 R S T
RebZ ek 7,06 2 i RS2SR o SR B /AT A5
45 B0 SR BA 50 (C3DSR) AU A A i, 2R FH /A
MABUY SR BT (C3D8) B b 36 — AR Ak 25 4 , 5
AU BTT SE R 196 514, A% K] 431 £ R.L. Kuhle-
meyer S HE R ORS B 2R 5k S, B B o0 Y 2 e R
st WAZR/IN T 5 A b R U AR R K Y 1/ 8~
1/10, =4: A BRociHERA, E 2 s . B T
TR 5 R R 2 RO, RS T A5
22 V) 14 AR L AR FH SR 422 fik ot A ik AT AL, R
P& B H I 1 ¥ (Lagrangian Multiplier Method ) #ll
$1 PR ##: (Penalty Function Method ) 4 8l 7 32 filt 55
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Fig.2 Three-dimensional finite element calculation model
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BR T B I, 5 A R X A s A
(R 300 A5 DTG S B0 XF A - 35 b Ak 2 0 45 4 3
JI M EAE R HER AT . AR SCR BB A T
SR TTH U A A R N Tk A S
TR BYPE S APl i FORTRANIE S HWE
M — &R BT, L T A Rt ABAQUS

®1 TERHESH

Table 1 Calculation parameters of soil layers

%5 & B JEEE/m EBE/(KNem °) AR FhEMEACEE/MPa B Ji/kPa EEHES /()
1 O, x 5+ 2.5 19.00 0.38 127 8 10
2 OF k= 13.5 20.00 0.37 183 30 20
3 @,k BT E 1 6.8 19.70 0.36 317 36 21
4 @ 5 A7 1B % 22.2 21.50 0.35 898 0 40

R2 RELIFHNAMERHESH

Table 2 Calculation parameters of concrete dynamic constitutive model

s W o WHEBUR L TRAEIERABOR R ER
T kgm ) MPa ST Rihi/MPa RiJi/MPa RiJi/MPa HREMT AKEET
C40 2 400 30 32 500 0.2 10.01 26.8 2.39 0 1
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Table 3 Plastic damage parameters of concrete

TRBE & IR 48 B 2 8

REE LR 42 8

JEREJ)/Pa AP At iy A i RiRE Sy /Pa TT 24 i A% P 47
10 728 040 0 0 1912 760 0 0
18 871 730 0.000 112 04 0.073 498 14 2 273 100 7.23E-06 0.020 007 44
20 211 850 0.000 147 15 0.093 085 59 2 390 000 1.82E-05 0.058 164 24
22 925 920 0.000 248 13 0.140 180 49 2 270 150 3.60E-05 0.112 104 28
25 624 380 0.000 440 24 0.208 790 82 2 030 490 6.05E-05 0.191 979 64
26 800 000 0.000 746 01 0.292 205 63 1910 230 7.27E-05 0.233 602 18
24112 010 0.001 401 27 0.422 985 04 1670 840 9.90E-05 0.322 345 06
20 076 450 0.002 061 41 0.529 270 87 1311 280 0.000 148 78 0.472 826 84
18 733 830 0.002 295 16 0.562 380 42 1191150 0.000 170 37 0.527 881 07
14 703 220 0.003 123 74 0.661 496 95 951 980 0.000 227 57 0.643 839 85
9 334 580 0.004 935 01 0.797 840 63 593 310 0.000 402 18 0.824 675 91
6 653 370 0.006 708 13 0.867 456 25 473 770 0.000 528 43 0.881 245 31
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Fig.3 Schematic diagram of viscoelastic boundary applica-

tion process
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Fig.4 Time history curve and frequency spectrum of ground

motion
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Fig.5 First order vibration mode of model
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Fig.6  The time history curve of middle column displacement
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Table 4 The first ten natural frequencies of the model B{r:Hz
R 1Fy 2B 3B 4B 5 6 Bir 7B 8K 9 B 10 B
+- AR 1.0818 1.4634 1.4634 1.5087 1.5087 1.5750 1.5750 1.5794 1.5794 1.5946
A 3 4 0.9989 1.9696 2.2359 2.8065 2.9956 3.4412 3.5376 3.6005 3.9784 4.0619
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Fig.7 Contour map of structural damage under Kobe waves
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