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Abstract: In China, various transportation facilities have been built on a large scale. Sea-crossing
tunnel projects are constructed in many coastal cities, and many underground structures are built
on the soft soil foundation in the south region. These are all underground structures on saturated
soil, and China lies in the Pacific Ring of Fire, with many cities located in the high-intensity
earthquake zone, so the seismic security of underground structures such as tunnels and subway
stations is an important subject. The key is to make an accurate calculation of the dynamic re-
sponse of the underground structure to the earthquake load. The dynamic response of an under-
ground structure in a saturated soil site is very different from that in other types of soil sites.
Therefore, the seismic response of underground structure in the saturated soil should be studied
with the right calculation model and analyzing method.

At present, one widely used method is numerical simulation and calculation. Depending on
the soil calculation model it employs, the analytic method can be classified into three types: the
total stress method, simplified effective stress method, and fluid-solid coupling dynamic model

method. The fluid-solid coupling model, which takes into account the coupling of fluid-solid dy-
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namic response, is a theoretically complete calculation model. Therefore, the method based on
the fluid-solid coupling dynamic model is theoretically sound and more accurate. In general, the
dynamic response of an underground structure in a saturated soil site needs further study. In this
paper, the seismic response of an underground structure in saturated soil is studied based on the
fluid-solid coupling dynamic model and ABAQUS in order to get a complete view of the character-
istics and rules of the seismic response.

We conduct a simulated calculation of the seismic response of an underground structure in
saturated soil, with the site soil simulated by the pore pressure element deduced from the fluid-
solid coupling dynamic model of fluid-saturated porous media. The example chooses the seismic
record of the N—S components of the Ninghe earthquake (magnitude 6. 9 aftershock of the Tang-
shan earthquake) as the seismic input. From the calculation, we obtain the distribution chart of
soil pore pressure, vertical displacement of soil-tunnel system, and von Mises stress on the struc-
ture. The calculation results illustrate that by the end of the seismic input, the stress distribution
is symmetrical, The stress distribution concentrates in the base area of the two sides, and the wa-
ter pressure mainly distributes in the base and side areas. The pore pressure and vertical displace-
ment of the site soil are maximal in the base area and decrease gradually in the side area, With in-
crease of depth, the vertical displacement of the site soil decreases gradually. The pore pressure
and vertical displacement of the site soil distribute symmetrically. The greatest seismic response
occurs when the acceleration of the input earthquake wave reaches the maximum. The calculation
results also indicate that the pore pressure element deduced from the fluidvsolid coupling dynamic
model of the fluid-saturated porous model can be employed as an effective calculation model for
the study of all types of underground structures in saturated soil sites.

Key words: saturated soil-underground structure; seismic response; dynamic model of fluid-solid

coupling media; pore pressure element
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Fig. 1 'Transverse dimensions of the underground structure
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Fig. 2 Dynamic interaction finite element calculation

model of the saturated soil-underground structure
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Fig.3 The acceleration time history of the input

earthquake
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Fig. 4 The distribution chart of pore-pressure of soil and
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Fig.5 Time history of vertical displacement at node &
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Fig. 6 Distribution chart of Mises stress of the structure

by the end of the input earthquake wave
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Fig. 7 Time history of the stress at element a

WE O MEBRRZEMAABEL R 9 mm, BBIT a 1) Mises
R H R KAE 2N 240 kPa, T AT 4 B &Y B %) ¥ %}
N a0 A H R B 114 B RN R H B I

3 i

AICET ABAQUS FRILEKMY-&, A A
T8t & B [ R 5 DI AE A o 3l 0 BT AL BT AR
Gyt LA, #EAT TR LR b U S5
BRI TR . X R A TR B R



232

=

Ww & T

[

= i3 2014 4F

ER 3o

(1D FEHbRE S A B9 20, 454 69 75 0 )i A
DX 3RS ) B K 5 AR ) FLBR T o ) 3 A%
PG T 7 X, S P fLES LR
8 i) (52 7% S X AR 0 A1 5 3 3 AR ) 1 e £ 7B B TR R
{1 58 2 7 0B o

(2) A R M= SR H B A B 220 %8 o7 T i A
b 72 Bl Y B R 3 BE B A I 2

AR E TAER R B, £ @ T &
S ST U R A A o 30 A T AL TR BT RE A X
PR A3 T G54 A 2R A 3 7R SR HEAT B HE T
A BN S48, T4 O — oA 8k B9 T B B A T
TN R 3t b 25 B T S5 B MR IR Y T S
MRZF.

2 % SCHER (References)

(1] XU B3, 8 F. kB MR E R L Hr LT ] iK%
23 HARBLF IR ,2005,45(6) : 757-760.

LIU Jing-bo, Li Bin, Gu Yin. Seismic Response Analysis of
Shielded Subway Tunnels[J]. Journal of Tsinghua University:
Science & Technology edition, 2005, 45 (6) : 757-760. (in Chi-
nese)

TV 5 W I 2% 5 e R bk IXC ) IR TR 1Y 3t 2R ISR 43 AT
1. #6 Hh%¥ 5 TRE2ER,2005,24(14) :2506-2512.
ZHUANG Hai-yang, CHEN Guo-xing. Earthquake Response
of Shallow Subway Tunnels in Soft foundation[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24 (14)
2506-2512. (in Chinese)

FE VP, B B 2. TR B 0 4k IX T ok T e 2% 7R R R 43 AT
[J]. #b/8 T# 5 TR %3, 2006,26(2) :131-137.

ZHUANG Hai-yang, Chen Guo-xing. Analysis of Nonlinear

2]

[3]

Earthquake Response of Metro Double-tunnels[ ] ]. Journal of
Earthquake Engineering and Engineering Vibration, 2006, 26
(2):131-137. (in Chinese)

BT, 2. YRGS R AN AR B L S5 M W AR TR e B R
HaHlT. B A J1% 5 TR R, 2008, 27 (4 Tl 2) . 3374-
3380.

WANG Ming-wu, LI Li. Analysis of Deformations of Shallow-

[4]

buried Reinforced Concrete Structures and Dynamic Earth
Pressures in Liquefiable Soils[ J]. Chinese Journal of Rock Me-
chanics and Engineering, 2008, 27 ( Supp. 2): 3374-3380. (in
Chinese)

AR5 V. AR R T B ) v B KRR s AR R HL B SR (DL
Vi% . V9% LT K2, 2008,

SHE Fang-tao. Analysis of Dynamic Response and Stability

[5]

Characteristic Mechanism of Subway Tunneling in Saturated
Loess[ D]. Xian;Xian University of Technology,2008. (in Chi-
nese)

A ER, IR E . WA L PR b R B TR A 1) B S 3t 2 e A 43
HriT]. Bk TR 24,2008, (1) . 76-80.

ZHANG Chang-tai, Zhang Yu-fang. Analysis of Seismic Re-

sponse to the Metro Tunnel in Saturated Sand-soil Area[]].

[6]

Journal of Railway Engineering Society, 2008 (1); 76-80. (in
Chinese)

22, F W, Oh L 5. BN B 7R B A4 5 B R A RE R A
[J]. PEdb B4R, 2011,33(3) :271-274.

LI Ji, WANG Guo-bo, SUN Ming, et al. Seismic Response A-

[7]

nalysis on a Civil Air Defense Engineering and Evaluation on
Its Earthquake Resistant Capability[ ] ]. Northwestern Seismo-
logical Journal,2011,33(3):271-274. (in Chinese)

BARGE By 7, #B 1. T S R RS AT P A R R 2
Ry LT, V5L R 24 4R, 2011, 33(# ) : 360-365.

SHAN Hua-ting, LI Liyun, Du Xiu-li. Effect of the Material

[8]

Nonlinear Property on Seismic Response Analysis of Under-
ground Structure [ J ]. Northwestern Seismological Journal,
2011,33(Supp. ) :360-365. (in Chinese)

XIHRJE, R ZF. AR L PR G R R [T 1. 8 £ )
2,2005,26(3) ;381-386.

LIU Hua-bei, SONG Er-xiang. Earthquake Induced Liquefac-

[9]

tion Response of Subway Structure in Liquefiable Soil[ J ]. Rock
and Soil Mechanics,2005,26(3) :381-386. (in Chinese)
[10] Huabei Liu, Erxiang Song. Seismic Response of Large Under-
ground Structures in Liquefiable Soils Subjected to Horizontal
and Vertical-earthquake Excitations [ J ]. Computers and
Geotechnics,2005,32(4) :223-244.
XUSGAR, R, R Aedb. W A 2 v 4k BE G b 7= e T 4
TEAR B HAR B Wi [T, 4 &+ T %% 4], 2007, 29(12) : 1815~
1822.
LIU Guang-lei, SONG Er-xiang, LIU Hua-bei. Numerical
Modeling of Subway Tunnels in Liquefiable Soil Under Earth-

[11]

quakes and Verification by Centrifuge Tests[J]. Chinese Jour-
nal of Geotechnical Engineering,2007,29(12) :1815-1822. (in
Chinese)
[12] Zienkiewicz O C,Chang C T, Bettess P. Drained, Udrained,
Cnsolidating and Dnamic Bhaviour Asumptions in Sils[J].
Geotechnique,1980,30(4) :385-395.
2o, B, AR 22,55 A A AT B AR A B3l ) A A A
ABAQUS s BL[]]. & £ T %4, 2013, 35 GE Tl 2) .
281-285.
LI Liang,CUI Zhi-mou, KANG Cui-lan, et al. The Fluid-solid

[13]

Coupling Dynamic Model for Fluid-saturated Porous Media in
Abaqus[J]. Chinese Journal of Geotechni,2013,35(Supp. 2) :
281-285. (in Chinese)



