%36 % 4w W oE T B ¥ i Vol. 36 No.4
2014 4F 12 H CHINA EARTHQUAKE ENGINEERING JOURNAL Dec., 2014

i E i T ERMMER N E T EBH R

F m', M RE, R

QFERFLARTER LR 100084 ; 2.6 dm Kt TREFE ARG RA R JLHE 100041
BE. MEBRESMAERMME+F MR A PR TERNREAT TN EERE, €. (D
b B ABA R P KB F AR BRI AIR T ()3 A A TR e R i R AR (3) da e s P
T M ER B HSHAER RIEH R ; ()48 Fe 3 P 3 F 2 Mk B wa B 69 8 TR T 47 5 (5) 4 Fe
BEWA PR TEMEINERRTE, TLEREAEAFEART R BN R EHE L AR
B, BRI RIY G A MBERLE T H Aot PR T LM E R FIE, T 2548
T AP TFTEMRER T T R ARGREZAHBEFHEALL N,
(@ A WESH: BmAR; WTEH; BOks &K%
hE 4 EE. TUL3S MR ERD A XEHS: 1000—0844(2014)04—0843—07
DO1:10.3969/].issn.1000 —0844.2014.04.0843

Research on Seismic Response of Underground
Structures in Saturated Foundation

LI Peng', LIU Guang-lei*, SONG Er-xiang'
(1.Department of Civil Engineering , Tsinghua University ,Beijing 100084 ,China ;

2.Beijing Zhongyan-Geotech. Engineering Technology Co. Ltd ,Beijing 100041,China)

Abstract: The main achievements of 10 years of research on the seismic response of underground
structures in a saturated foundation are presented in this paper.Systematic clarification and inves-
tigation are conducted on the dynamic basic formulations and wave propagation characteristics of
saturated soils.In the dynamic analysis of saturated soils, the interaction between the soil skeleton
and pore water consists of two parts:seepage force and inertial coupling force.It is also revealed
that due to the existence of the inertial coupling force, the speeds of two dilatational waves are not
equal to those in single-phased solid skeleton and pore water even if the permeability approaches
infinity. Moreover, several transmitting boundaries for dynamic analysis of saturated porous media
are developed, including the viscous-spring transmitting boundaries derived from both the u-p
formulation and «-U formulation in addition to the high-order time-domain transmitting boundary
derived from the cylindrical elastic wave radiation problem based on the u-p formulation.Despite
the zero permeability assumption made in the derivation of the undrained boundary,results show
that it can provide sufficiently accurate results for earthquake engineering problems. The drained

boundary performs well for all permeabilities.In addition, four dynamic centrifuge tests at 1:50
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scale are performed to study the earthquake response of a subway tunnel in liquefiable soils. The
response characteristics of the subway tunnel in horizontal or oblique liquefiable soils including
floatation,lateral displacement of the tunnel,and internal force increments in tunnel segments due
to earthquake-induced liquefaction are investigated in addition to the effectiveness of cut-off walls
in resisting tunnel flotation.Further, finite element simulation is conducted to analyze the earth-
quake response of underground structures in saturated soils.We adopt the finite element program
DIANA SWANDYNE II, which is a two dimensional (2D), effective stress-based program com-
piled from the fully coupled u-p formulation. The liquefiable sandy soil is modeled by using the
generalized plasticity constitutive model Pastor-Zienkiewicz 111, which is capable of simulating cy-
clic liquefaction,contraction of loose sand,and dilatation of dense sand.The contact characteristics
between soil and the structure are also considered.Finally, the mechanism of underground struc-
ture flotation in liquefiable soils during earthquakes is studied.Due to the smaller apparent density
of the tunnel structure compared with the saturated liquefiable sand, the soils at both sides be-
neath the tunnel structure tend to intrude into the space underneath the tunnel structure,leading
to the structure flotation. The mechanisms of various remedial treatment methods for liquefiable
soils such as increasing the tunnel buried depth, retrofitting the soil under the tunnel structure,
and setting cut-off walls are studied by finite element simulation. The effectiveness of these meth-
ods is evaluated,and references for parameter design are proposed. These new achievements, which
allow insight into the mechanism of the seismic response of underground structures in saturated
foundations,are obtained from theoretical research on the wave propagation characteristics and
are based on model tests,numerical simulations,and mechanism analysis. The study outcome will
be beneficial for further research on the improvement of seismic design methods and seismic safe-
ty measures for underground structures in saturated foundations.

Key words: saturated foundation; seismic analysis; transmitting boundary; underground struc-

ture; dynamic centrifuge test
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Fig.1 Sketch for calculation of inertial-coupling force
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Fig.3 Bending moment analysis on the side walls of tunnel
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Fig.4 Sketch of the mechanism of tunnel uplift in liquefiable layer
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