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Research on numerical simulation of subway structure
under spatially non-uniform seismic ground motion

GU Yin, ZHUANG Shuman, ZHUO Weidong, SUN Yin
(College of Civil Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract:An artificial boundary element and equivalent loading method are introduced for considering the non-uniform seismic
ground motion. Free field finite element is built to verify the correctness of the input. Taking a subway station under construction in
the background, the 3D finite element model of the subway station was established, the different seismic wave spectrum under the
working condition of uniform and non-uniform wave incident seismic ground motion response of a subway station was calculated,
and the subway station under the effect of non-uniform seismic response characteristics was analyzed. The responses of subway sta-
tion under spatially non-uniform ground motion are summarized and internal forces of weak positions studied. It concludes that the
non-uniform factor needs to be considered for the long span subway stations. An advice of anti-seismic is come up with.
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TH NG W W Bk
El-centro 15 0.96 2.25 2.07
El-centro 30 0.74 241 2.35

5 Kobe 15 1.00 2.63 2.27
W Kobe 30 084 337 296
Loma 15 0.84 233 2.08

Loma 30 0.76  3.73 3.51

El-centro 15 3.41 0.84 0.84

N El-centro 30 4.57 0.48 0.55
s Kobe 15 274 0.74 0.77
W Kobe 30 475 037 0.38
Loma 15 2.61 0.95 0.95

Loma 30 400 0.76 0.90

5 &5

WESE T H R vl 4 M e JE — B R 2 =X ) R
AR ANWAIRL, AT T =45 ) B R A\ 15 Dt

T, P WA SV PALRRIT ISR RS AELE M SRR
W R BE R BE, BEILA T4

(1) BRI JZ = 5 1 Bk 2 19 o PO R A 245 4
WIHES I XS AN D ERIEESR; A
I A T Sk A AR LS N I D o, A
M BY I AVB A BN AHRAER T, SRk
B R IR N BOR, PRI S EAE R
HRAL.

(2) HEH P WASTHARER, X AL
Hrwh, BT HAMEBERE K. B SV FA
SARIHER, HHR X RS M A W RS R,
Y1 BY ) NI 2 I

3) A AE—BotRZ SRR B, FhlE



824

LA

BB K ¥ W (ARRER)

54T 8

HOAERYR ) AR T Y B — B AR 0
ZRBE. BTRA LIS B RS WA Bk
XI5 FEE i Bk 2 S

SE

(1]

(2]

(4]

(6]

(7]

(8]

References

European Committee for Standardization. Eurocode 8:
Structutes in seismic regions-design part2: Bridges.
Brussels: European Committee for Standardization, 1995.
XING J N, LIAO Zhenpeng. Statistival research on
S-wave incident angle[J]. Earthquake Research in China,
1994, 8(1):121-131.

BRAE. AN ST H 52 sl KT H T 45 K Hb 72 SR B R M E o
[D]. dbnt: Jend ol R 2E + TR R, 2007.

CHEN Wei. Obliquely incident on earthquake ground
motion response of underground structures [D]. Beijing:
Beijing University of Technology, 2007.

EE. W LA BOMR R R R 4 # (D). L
R K2, 2008.

WANG Qin. Underground pipeline non-uniform excita-
tion seismic response analysis [D].Shanghai: Tongji Uni-
versity, 2008.

SBBRE. JE—BOH R T LR 5 RS B B
RersE(D—iR BT 0] HR TR S TRRS), 2010,
30(1): 147-154.

SHI Xiaojun. Shaking table test on utility tunnel under
non-uniform seismic excitations(I): Experimental setup
[J]. Journal of Earthquake Engineering and Engineering
Vibration, 2010, 30(1): 147-154.

s, dE— SOt WU 4R G4 iRk sl B IR K
WS (D—IR B 45 2R [0]. iR TR S TR, 2010,
30(2): 123-130.

CHEN Jun. Shaking table test of utility tunnel under
non-uniform seismic excitations(II): Experimental results
[J]. Journal of Earthquake Engineering and Engineering
Vibration, 2010, 30(2): 123-130.

Wk, E—BOBRRMBH T 45658 iRk s B B
B (D—H AR, Hi7E TRE S TRAIRSD, 2010,
30(3): 46-53.

JIANG Luzhen. Shaking table test of utility tunnel under
non-uniform seismic excitations(III): Experimental re-
sults[J]. Journal of Earthquake Engineering and Engi-
neering Vibration, 2010, 30(3): 46-53.

oAl gk G ubiAE A — Stk RN W3 7 i
M) $Esh 5, 2011, 30(12): 103-107.

[11]

[12]

[13]

[14]

[16]

HE Wei. Dynamic response analysis of an underground
station subjected to non-uniform seismic action [J]. Jour-
nal of Vibration and Shock, 2011,30(12): 103-107.

ZREG AR At R v % A ) b 5 SR 9 B/ 23 A [D]. b
I 1K, 2013.

LI Peng. Numerical analysis for longitudinal seismic re-
sponse of tunnels in saturated soils[D]. Beijing: Tsinghua
University, 2013.

HASHASHA Y.M.A. Seismic design and analysis of
underground structures[J]. Tunnelling and Underground
Space Technology, 2001, (16): 247-293.

HUO H. Seismic design and analysis of rectangular un-
derground structures[D]: Purdue University,2006.
DUHEE Park, MYUNG Sagong, DONG YeopK wak, et
al. Simulation of tunnel response under spatially varying
ground motion[J].Soil Dynamics and Earthquake Engi-
neering, 2009, (29):1417-1424.

SAXENA V. Spatial variation of earthquake ground mo-
tion and development of bridge fragility curves[D].
Princeton University, 2000.

X, A, AR —BOMTAE N T30 5ROk i
MAOC[T]. A TR, 2006, 28(9) :1070-1075
LIU Jingbo, GU Yin, DU Yixin. Consistent vis-
cous-spring artificial boundaries and viscous-spring
boundary elements [J]. Chinese Journal of Geotechnical
Engineering, 2006,28(9): 1070-1075.

E A — Bt = S S BUE T BT RAELS KB ) 0 W
R B2 (D] bt fE 4R K%, 2007.

WANG Yan. Research on the numerical method for
asynchronous seismic wave motions and its application in
dynamic analysis of structures[D]. Beijing: Tsinghua
University, 2007.

XURE ORI Bk T 45 K3 5= SRR 43 A7 7 3 5 IR T 58
[D].4bxE: ¥E4EKAE, 2008

LIU Xiangqing. Research on analysis method and ex-
perimental study of seismic response of underground
subway structures. Beijing: Tsinghua University, 2008.
FEWETE, FREDYX, A S5 AL R TE AR AT T k%
SRR T RS K B iR s & IR B S U] M AR AR S
THRLEZD, 2007, 27(4): 94-97.

ZHUANG Haiyang, CHEN Guoxing, DU Xiuli,et al.
Analysis of earthquake response of subway station built
on liquefied soil by large-scale shaking table testing[J].

Journal of Earthquake Engineering and Engineering Vi-
bration, 2007, 27(4): 94-97.

(% X i)



