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tunnel and the express rail line 3
1.1 RESEEE

P 3h & 50 75 10 T TRE 45 R K 2 b R AR 26
& LT, BN FERT I3 mX3m, kKA
Bk A R 10 o, AR R 0.1~50 Hzo WIPERE L3
PEST OIS H A H 3 0 08 5 TAUEBL SR IL A . Ma
SRR T B A WA LR A T AT o D A
PR ETEIR S & N5 B BEBIAERGT R 2 m X
2 m X 1.5 m, USSR FH R AR A AN, BB R 200 mm,
[#] 72 7E O BE B DL/ 3 RN, R 2 R . B R
PN BRI LM W IR AT MESS 4, £ R E R 1.6 m X<
1.6mXx1.3m,

K2 REAELGE
Fig.2 Model box

I 21y 75 3 50 v RS TR R 114 30 S Ak B AR T S o )
25 W0 RS2 0 ) Ml R Bl Ry HEAT X B AT A . B3
AT T AL8, A19 Fl A20 (I &5 A7 & i W
5 Ca) ) Y fim o 32 i) i 5 B b A i 48 . A20 2
&SRR NI I Ol s s TS | IR R Nt
55 R — 7K 2 A A P9 I A A L9 A AL TR
BB 1) Jo S O L R0 B e s T — B, S E T
AR i S A5 1 Ak AR A A

3

—A19
2k A20
Ten —AIl18
E 1
~
=
g o
-
3 -1
8
<
=2
,3 1 1 1 1
0 2 4 6 8 10
Time /s
(a) I3 £ Fr
(a) Acceleration time history
0.35
——A19
0.30 - ——A20
" —Al18
2 025¢
R:]
< 020+
3
£ 015}
a.
g o010}
0.05 +
0 L 1 sl A
0 10 20 30 40 50
Frequency / Hz
(OFEw
(b) Fourier spectrum

P03 [l — 7K J2 72 [ 00 ) Jon e 32 o 5 5 e L O 430 3 oty 2
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Tab.1 Similarity ratio of shaking table test model
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Tab.2 Test working conditions

ik ID R i A\ {8/ g AOLIE{H /g
WNI1 White noise 0.104
EL2 El-Centro 01 0.130
CC3 ChiChi ’ 0.092
TF4 Taft 0.117
WN5 White noise 0.229
EL6 El-Centro 02 0.231
CcC7 ChiChi ' 0.211
TF8 Taft 0.198
WN9 White noise 0.305
EL10 El-Centro 03 0.334
CCl11 ChiChi ’ 0.315
TF12 Taft 0.310
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Fig.5 Schematic diagram of sensor arrangement of FF and
DTSP shaking table test(Unit: m)
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Tab.3 Comparison of natural frequency results between
experimental and simulated systems

T BUEALAN/ He fi 3h 5 1055 /Hz
DTSP 13.679 12.512
FF 16.228 15.350
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Tab.4 Comparison of peak acceleration between numeri-
cal simulation and test

I B 45 2R W4 R
A19 4.551 3.610(26.07%)
A02 2.554 2.163(18.01%)
A07 2.527 2.296(10.08%)
Al2 2.345 NaN

AO4 2.287 1.809(26.41%)
A09 2.282 1.781(28.15%)
All 2.011 NaN

A06 1.930 1.722(12.12%)
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Tab. 6 Relations of G/Gmax-y and D-y of sand

v/ % G/ G D/%
0.0001 1.00 0.24
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Shaking table test and numerical simulation of
tunnel-soil-bridge pile interaction system

LU Sha-sha'?, ZHAO Dong-au', BAI Juke"*, LIU Shao-dong', YIN Hang'
(1. School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China;

2. Liaoning Key Laboratory of Mine Subsidence Disaster Prevention and Control, Fuxin 123000, China)

Abstract: Based on the actual project in Dalian, this paper studies the dynamic interaction (SSSI) of the double tunnel sand bridge
pile system under earthquake through shaking table test, obtains the dynamic response law of structure and site, and compares it
with ABAQUS numerical simulation. The Kelvin constitutive model subroutine is introduced into the numerical model, and the
equivalent linear method is used to deal with the nonlinear problem of sand in the calculation process. The experimental results are
compared with the numerical model to verify the reliability of the numerical simulation. On this basis, eight working conditions are
designed, and the interaction law between structures in the system is studied through comparative analysis. The results show that
the tunnel will amplify the peak acceleration of the bridge pile and adjacent tunnel, but the bridge pile will weaken the peak accelera-
tion of the side tunnel; the existence of the tunnel and bridge pile will increase each other’s section shear force and bending moment.
The main affected areas are concentrated in the upper and lower arches of the tunnel and the interface between the pile bottom of

the bridge pile and the pile-soil.

Key words: structure-soil structure interaction (SSSI) ; shaking table test; numerical simulation; dynamic response; amplifica-

tion factor
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