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Shaking table tests on immersed tunnel-joint-soil
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Abstract: To obtain the dynamic response of the immersed tunnel and its joints under seismic action, with Zhoutouzui
immersed tunnel project in China as the background, a series of shaking table tests on immersed tunnel-joint-soil with a scaling
factor of 1/60 are conducted under uniform earthquake excitation by using the multiple shaking table test system in Beijing
University of Technology. They are performed using a rigid prefabricated continuous model box with the dimensions of 7.7
meters long, 3.2 meters wide and 1.2 meters high. The test system is subjected to strong ground motions from El Centro record,
Taft record, Tianjin record and Guangzhou artificial record through horizontal longitudinal and horizontal transverse uniform
seismic excitations. The model tunnel joint components are designed to simulate the immersed tunnel joint, and the axial force
and deformation of joints are obtained by using the pull-press sensors and laser displacement sensors. The test results show that
the acceleration time histories and their Fourier spectra of different model tunnel segments are different from each other. And
the seismic response of the tunnel structure is not vibration along with its own features, but is subject to the seismic response of
the surrounding soils. Under the seismic excitation with different intensities, the force distribution of joints can provide valuable
reference for aseismic design of the immersed tunnels. Under different seismic inputs with different intensities, the displacement
of joint 1 is the maximum, and that of joint 2 is the minimum. Such change law makes the whole tunnel along the longitudinal
deformation more harmonious. The change trend of displacements along the positive and negative directions at each joint is basicly
parallel. The practical water stop of tunnels is in a safe range and will not leak by converting the test results to the prototype data.
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Table 1 Similitude ratios of model structures and soils
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Table 2 Locations of larger and smaller forces under different

seismic excitations
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L NYAL S UNYA L CRE 5 AL DI S VAL s
El Centro 7, 9 4, 8 1, 5, 10 4, 8
Taft 7, 9 4, 8 5, 10 4, 8
RE 7, 10 4, 6 5, 7 4, 11
AT 7, 9 4, 6 5,9, 10 4, 8

2.4 FESRAIBERSH

SR ITTE BEIE, 1 KA FE K A T 1 T
JE4g, MR AE IS 51 /K B I SR it e A 2 s
AR, EREAIAR A A AR T B R kA E R E
BRARRL, ARG T, HSk AR UL
Ny XIS SE PR TR RE AR A, AR A



642 H O+ T OB % M

BT 7y, RIEgE R IE RN, P ARSOR
Ik Gh= A=W RS =Y DA

PRSBSOS B T RS BE N 0.2%, R+
0.02 mm )l ZE 3 7E IEH T, PRAE T3R8 Brill A7 7%
0 - N 1Y G R e Y8 I R o S 1
BOCAI R TH NG T HESAE A S A, BT 3 M
SRARBOEAL R THEOE K H S S B I B B AN ]
e —3, HlmTER AL WRIER, mlaetx
I REK IR AIVIUEIE, Frih, et fess
BRI RS R 2 & B WTAR A AT B AR A2 25
o AIEBRFEHBFEBUR T+ AN A Sk R iR R 4 A
A, WK 14 pros.

0.8 El Centro: X
0.6 w---- R /!\
041 S 7 “a -#®-Jl-max
oo -y -®-J1-min
- & -J2—-max
X ZANS -¥-J2-min
04 . —— J3—-max
o6l # S ® —«J3-min
-0.8

0 0.4 0.8 1.2 1.6 2.0
MR NREE /g

“so._ -#-J1-max
=g -®-Jl-min
- & - J2—max
~y -¥-]J2-min
o —— J3—max
“® —«J3-min

0.4 0.8 1.2 1.6 2.0

.
- % - J1-max
<% -®-]Jl-min
-4 -J2-max
.28 -¥-]2-min

“" ——J3-max
—<=J3-min

0 0.4 0.8 1.2 1.6 2.0
R REE /g
oo AL
04f = AT -
- Rl TOES o - - - J1-max
021 P <7_A - ®-J1-min
T A
E or TrAeT -4 - J2-max
Q02| Eg =oM% - J2-min
—041L * T e L. J3-max
—0.6 I hh SR . —< J3—min
—0.8 L L L L J
0 0.4 0.8 12 1.6 2.0
HRBIRBE g
0.8 El Centro: ¥
0.6 [ N l"\
- .o -#-Jl-max
“a -®-Jl-min
-+ - J2-max
=% -¥-J2-min
; 'Y . .~ —o— J3-max
_gg * \\d/ " —¢J3-min
-0.8

0.4 0.8 12 1.6 2.0
HEBRE g

2018 4
08
0.6} %_ﬁ L
[] e .
04F "~ ‘B-o..g -®-]Jl-max
¢ 020 NI 4 --Jl-min
g o T -4 - J2—max
I _02} Mgy T s ----y -¥-]J2-min
_04l e, o \\.“_ . —0—]3—m§1x
_o6l | SNt ® —<J3-min
—08 L L L L )
0 0.4 0.8 1.2 1.6 2.0
B EE /g
0.8r AIL:y
06} o
0.4r - - J1-max
£ 0.2+ “---h----A .¢@-Jl-min
£ oF -4 - J2—-max
3 —02} 7Y -¥-12-min
_0'4 | i “® —e—J3-max
. o T3
_o6lk g J3-min
—0.8 L L L L J
0 0.4 0.8 1.2 1.6 2.0

bR B3R BE /g

14 NEFRHE T A EIELA BTN

Fig. 14 Displacements at different joints under seismic excitation
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