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Influence of unloading-loading of foundation on shield tunnel underneath

YAO Ai-jun, ZHANG Jian-tao, GUO Hai-feng, GUO Yan-fei
(The Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: To improve the disaster prevention and mitigation of metro shield tunnel, model test of similar material and numerical
calculation is studied in this paper to simulate the construction of building adjacent to foundation pit in Beijing. Under
unloading-loading conditions of the foundation pit above, the mechanical characteristics of shield tunnel are studied, and the
influence of spacing between the bottom of the foundation pit and the shield tunnel top and the loading strength of foundation pit are
also analyzed. As shown by calculation, in unloading stage, the vertical displacement of shield tunnel gradually increases. When the
foundation pit is excavated to the bottom, the vertical displacement reaches the maximum value. Under loading condition, the vertical
displacement of shield tunnel can be restored. The greatest impact on shield tunnel always occurs at the end of the foundation
excavation. At this point, the work of foundation slab construction should be completed as soon as possible. In the unloading-loading
process of foundation pit , earth pressure of shield tunnel presents calabash type symmetrical distribution. At the top and bottom of
the shield tunnel the earth pressure is larger than the soil pressure in the middle of the shield tunnel. In unloading stage, the earth
pressure of shield tunnel vertical axis was significantly reduced. In loading stage, the earth pressure of shield tunnel can be restored.
With the spacing between the bottom of foundation pit and shield tunnel top increases, the displacement of shield tunnel, the
displacement difference between arch bottom and arch and the horizontal convergence are incrementally reduced. When the spacing
greater than 3 times of the depth of deep excavation, the additional deformation of shield tunnel caused by foundation pit
unloading-loading effect is slightly. When the loading strength of foundation pit 2 times than the unloading strength, the vertical
displacement of shield tunnel can be restored to its original state.
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Table 1 Composition and ratio of similar materials
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Table 2 Physical and mechanical parameters of prototype
materials and model materials
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R A J5 A B R RO
FSiEH 1000 067 15.00 1.00 036 036
FEFmtE1 2100 1.40 20.70 138 025 025
WREE L 2870 1.91 20.60 137 026 026
FFmEI 3000 2.00 23.00 153 025 025
Hp 0.00  0.00 30.00 200 027 027
5 50 A 0.00  0.00 35.00 233 023 023
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Fig.3 Monitoring point layout for model test
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Table 3 Working conditions in model test
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Fig.4 Displacement time history response of shield tunnel
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Fig.5 Earth pressure time history response of shield tunnel
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Table 4 Comparison of earth pressure in model
test (unit: kPa)
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AP MEMIA5 9182 49.91 54.35 76.89  83.74

FJ1 MR 13 7825 4252 54.34 6793  86.82
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3.1 HERIR~F R MRS

ASCRFH MIDASIGTS AR AT a5, 2
S A M b I - A R R AR L B L 3 4% DA kBT
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Fig.7 FEM meshes of calculation model
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Table 5 Physical and mechanical parameters of calculation model

wrrn mmm R gy Kiﬁ% R %?? pReR AR
Jeit 2.0 7.0 0.360 18,5 10.0 15.0 7.0 21.0
Hipok t 1 5.2 7.7 0.250 216 21.0 20.7 15.4 46.2
prigik T 13.2 9.7 0.260 20.7 28.7 20.6 19.4 58.2
i1 1.8 18.7 0.250 206 30.0 23.0 374 111.2
ER0 3.2 30.0 0.270 21.0 0.0 30.0 60.0 180.0
RN / 55.0 0.230 22.0 0.0 35.0 110.0 330.0
JERE / 35 000.0 0.167 25.0 / / / /
Hh RS / 30 000.0 0.250 25.0 / / / /
MR / 200 000.0 0.250 78.0 / / / /
PR LA / 30 000.0 0.250 25.0 / / / /

FlPahf (RS, $i2), EkEE, &%
PREERY JE T4k rE, SRS AR B, R
TSR K BRI R FA AR B R A, JE A BEIE R
SRR TR, BRI N M 2L e .
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FEAAAIA; FEGUINEGE S B Ay &S, IR e
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Table 6 Working conditions in the numerical analysis
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T4 6 LI 2%E-6.0m
TH7 2 EHER L
TH 8 LI 2%E-8.0m
T 9 L FHEE-9.0m
T 10 PERRIERI ML OF 2 TR B 58 T 10)
T 11 -3~-2 EH R E= Hf
THL 12 -1 JZHh R ~ 1 RS
T 13 2~3 JZ & fiifig
T.0 14 4~5 JZEE i
T4 15 6~7 )2 A ik
T4 16 8~9 JZ &y fig
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Fig.8 Displacement time history response of shield tunnel
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Fig.9 Distribution of shield tunnel displacement
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Fig.11 Earth pressure time history response
of shield tunnel
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Table 7 Comparison of earth pressure in numerical
calculation (unit: kPa)
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