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Seismic responses of dynamic interaction system of soil-diaphragm
wall-complicated unequal-span subway station
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Abstract: In view of the current practical problems of neglecting the existence of underground diaphragm walls in the study of
seismic performance for underground subway structures, a static and dynamic coupling finite-element model for the interaction
system of soil-diaphragm wall-complicated unequal-span subway station is established, and the earthquake responses among
the unequal-span subway station without diaphragm wall as wells as structures with single- and double-layer diaphragm walls
are compared and analyzed. The results show that the existence of diaphragm walls can significantly improve the resistance of
the station to horizontal lateral displacement in small earthquakes, while the horizontal displacement of the subway structures
increases obviously when the seismic intensity increases. Moreover, the interlayer displacement of the lower structures
increases the most, which implies that the calculated results of ignoring the existence of underground diaphragm walls will be
skewed to danger. The diaphragm walls strengthen the anti-lateral stiffness of the subway station, which leads to a significant
change in the overall deformation state and internal force distribution of the underground structures, among which the stress
level at the end of the side wall of the structures is dramatically reduced and the stress level at the end of each floor is increased
significantly. The lower columns of unequal-span subway station act as the weak position in the structural seismic design under
strong earthquakes, especially for the case of double-layer diaphragm walls.

Key words: unequal-span underground subway station; diaphragm wall; soil-structure interaction; seismic performance

0 gl = ‘ \ BETE: ERARBZRET FIHE (51778290, 51778282); T
1995 4 H AR X & 28 BLIK 7.2 2o, R BB E AR S AT (16KJAS60001)s TALAGHI 5 A il %
Bk el . XIEREE. SEA 8 . b 2% BIIH (CXZZBS2018038)

TR BIBIR, Hr R Mk o 1 1 S8t 5 SR ELR: 2018 08 - 29

*BIEE (E-mail: zhuang7802@163.com)



1236 H O+ T OB % M

2019 4F

b2 TR SR B H LA ) M T A 58 4 I ERRA HAT
K, MRS EMRPURDT R TR S 7S E
F)Z ORI T B M. SR, BIE AT
128K 2 KRt T SR #IE B 28 32 i AR IR ™
R PGy, KT A A I TN 5 M 2 1 S

MR, A ST A E R AN WA AN A2 38
RGP A T, SRR T B Inasit T
AT I [ 2% 55 FLA R SR ] FR BB 2% L B T s TRl
MREETT M —. SHEN, BEARREmE A
Bk vt . FNPAT AT R A H adtg 2,
FEE S AR AW L e, B9E. AR
S5 MK 2w ) IR P 3R T b K [ A
Wk s AR IR, KRR % i85 4R b 5 A 1
HH T Bk M T SR AR I DU L e R R T
MR, HAT, ST RAUHbER I T S5 BT PR RE DT I
(IR TE AT 2 R TAL SR EHE QR A Bk 4ty Tt
X A2 AR T g 3 R M T 2 3t b 5 50 7 L PRI T
JRE D R ET D BILR RIS RN 2 B2 1
M BR G ulh SR I FEXS B, I A A A - BaER T
SRt - RIS 220l S5 44 5l A ELAR FH MR
FIRUEEAN AL . SRTT, L IRBIE TE (R M Bk ZE v 5
o) R AR R N B AL IE EAFFEAN T, HEAMERRE Y O
&7 BRI, % 52 )8 il R AT A A O &2
IR G5 RTINS AR AoRE B S R i 5 1)
RIPURYE AT R B I SRR HAT, PAESET
RS EE AR A R N AR TR IR+ A IR,
FHIRHIE T RRIEA 2 LAFE 7 H 23 BTk~ 4o uh
PR BT RIS e
0T LA L Bk i ) M R S ML REAT ISR, BE AT
JIER NS $ ey 1Z M Bk AR w25 M TR R RE AR SRR
B T SHEINSE . B, BUET RS
JEH N IE SR AFAE A VR S R N 25 M PR BTN
Al A LS B T A R A5 AR E T -
JEAEH T SR ek TR P TR, TE
56 L JE —HCRAE Rk AR BT s g5 i m
Mo RS N S AR AT AN 32 1 73 A 1
BRL AR X B 2% 5 R uh S5 M (R 3t
REANGUR Bk AR EEE R, JUH AR R R AT
MRk GEA R RR 3 A v BE % R T I S K B
SCAFAE . PRI, A A A RIS 4 uh 45 K
KBt T A H i AT & 11 I

BT, ASCOURT A s Ak N 2R 5k 254
NEW, FXTBUAPURTEREDT FU P AN B N IE8EES
DLSCAELE R I, Gl S b - M RS - B
S LB 4l 5 A i SRR B AR LA TR T A BR e 8k

AR, XFELAM T 7o TR B R R R
8 T U T T R RS SR [E S L R s i T 4
il 55 KA PR ) S % S N2+ ikt JEE S5 S P e 5 45 A5 B A
IATRHESE I, IRt T — LA UME AR ST AR AN
HrRM .

1 WHEREKRGE
1.1 ARTOHFER

ASCLATF MR 5 LRI R uh S N TRE T
S, HERE DRI RS W 1R 2R
T LEELE TR =R S A~ Euh 41,
TR L ESMUR A SMW LB Tt L, FZE4
M2y 0.8 m B HEa U N IES, SRR
=30 m, BRI S5 AR T kAL i) B R BE I B
AR, RISIZ TR SEEEI, ST R AMIRh T~
EEEE AR K A SR AR, S5H L2 AMU SMW T
IR R R IR T AR R R e i 45 A7 AE
(HEE TR T R s B T el b 2 G540 10 Bl 44
AR ER YRR RE, K, AP M
0 0% 1) g 1 o 85 R B R 80 TV L PR R, AR SORR T %
TRERSEBRT SANBUA R s MG B A5
WERE PSR, AEMALIE 7o N IESHR . A
JEM T SRR S8 WUZ N IE SR 3 FANE 5
T,

70 5250 6800 5250 7100 ]l
28
| \o
0
=
)
O
g3
"g
1 1 1 1 ji;
2150,3100 | 6800 | 3100 2150,
17300 8
© R#4z: mm

1 FEMEKF RS MEEE R

Fig. 1 Cross-sectional dimension of unequal-span subway station
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Table 1 Distribution and parameters of site

+ERS HESAK EE/m  EE/(KNmP) bEEE/MPa BIUIGE/(m s FHR Ji/kPa BRI/ ) ShBkatL
1 R+ 3.00 18.40 8.0 140.0 13.5 16 0.49
2 L& 6.60 19.00 10.0 152.7 15.4 26 0.49
3 A 4 6.78 20.50 14.5 167.1 7.0 30 0.49
4 it 7.62 19.40 15.0 158.5 18.8 16 0.49
5 b 10.00 20.90 21.0 172.7 5.0 28 0.49
6 R 8.00 21.20 27.8 205.8 5.0 30 0.49
7 R+ 8.00 18.90 33.0 236.3 12.3 28 0.49
8 W+ 15.00 20.50 29.0 263.2 6.2 30 0.49
9 1 15.00 19.30 35.0 491.6 21.0 21 0.49
2 RETAMIRER S
Table 2 Dynamic plastic-damage model parameters of concrete
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ZH E/MPa v plkgm?) w/(°) Jlo,/MPa o, /MPa  Jjoc,/MPa M HaM o, WT
B 3.0x10°  0.18 2500  36.31 13.0 20.1 2.4 0.0 1.0 d., d,
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Fig. 2 Meshing plan of finite element model
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