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Model Experimental Study on Tunnel Uplift in Liquefiable Foundations

LTI Wenguang
(China Railway 18th Bureau Group CO., LTD., Tianjin 300450, China)

Abstract: Construction of underground tunnels inevitably involves crossing liquefiable strata, which,
under seismic activities, can lead to soil liquefaction and subsequent structural damage. Based on the
Tangwang Avenue River-Crossing Tunnel project in Bozhou, Anhui Province, the study employed in-
door shake table experiments to design and analyze a scale model. It analyzed the vibration-induced liq-
uefaction response patterns of the ground soil and tunnel structure, while investigating the buoyancy-
driven deformation mechanism of the river—crossing tunnel during seismic liquefaction. The results in-
dicated that the upper soil layer reached liquefaction approximately 1.5 seconds later than the lower
layer, showcasing a more pronounced reduction in shear strength in the upper soil. As the soil depth in-
creased, the rise in excess pore pressure accelerated and its peak was higher. At the start of vibration,
the initial liquefaction in the lower soil layer led to a certain downward displacement. Subsequently, as
the buoyant force exceeded the effective bearing capacity, the tunnel gradually rose and stabilized. Af-
ter the cessation of vibration, the tunnel uplift displacement was 8.9 mm.

Keywords: underground tunnels; sand liquefaction; shake table experiment; buoyancy-driven deforma-

tion
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Fig.1 Geological cross-section of the tunnel
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Tablel Test similarity ratio for shake table model

S8 Rl JE
JUA R 1/n 1
R (FW) 1 1
i 2% 1/n" 1
Jo s R 1 1
S FLBRAKIE 1 1
HL bl R 1/n 1
Pk T A 70 5 A5 1/30 1

& 3h & X 58 R 1 3D F1 B il /E % G 7 1 A A
AT R B B AR R 8 R A Ol 1 GPa, YA RS L
0.38 3 B Y I AR S JE S I ok 3 DA I 70 GG, 3 B T 5
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Fig.2 Comparison between actual tunnel engineering cross-

section profile and tunnel model design
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Fig.3 Small shake tables and shear boxes used in experi-
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Table 3 Calculated physical parameters of test sand sam -

ples
WhRE dy/mm  dy/mm d,/mm C, C,
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Fig.5 Plan view of the test layout
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Fig.6 Front view of the test layout
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Fig.8 Acceleration response curves
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