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Shaking Table Model Test Research on Seismic Damage Mechanism of

Shallow Buried Bias Loess Tunnel
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Abstract: The Loess Plateau region is prone to frequent strong earthquakes, which often trigger large—scale,
intensive loess landslides. Shallow buried bias loess tunnels are highly susceptible to significant seismic damage due
to factors such as thin overburden and unsupported slope faces, which result in pronounced seismic amplification

effects. The seismic damage characteristics and mechanisms of shallow buried bias large section loess tunnels were

% WS B8 :2024-09-23
ESWB: FXH KRR AR I A (52208392, 52168070, 52168058) , National Natural Science Foundation of China (52208392,
52168070, 52168058) 5 1 [E 1+ J5 B2 3 4 ¥ B 10T H (2021M693843 ) , China Postdoctoral Science Foundation (2021M693843 ) ; Hifi 45
T S R B3 H (23YFGA0086) , Gansu Provincial Science and Technology Department key research and development program
(23YFGA0086)
PEE BN AN T (1988—) , W, HR AR, 22 01 5838 K~ il 34, it
I ERE RN, E-mail : 448221362@qq.com



140 R K 2F 4R (H ARBLE AR 2025 4F

systematically investigated through large—scale shaking table model tests. The results indicate that the presence of
tunnel cavities significantly influences the distribution characteristics of acceleration amplification factors on the
slope face, with the main affected region being between 0.25H and 0.80H. The horizontal acceleration amplification
factor within the slope increases nonlinearly with elevation, with weaker amplification effects below approximately 2/3
of the slope height and significantly stronger amplification effects above approximately 2/3 of the slope height. Under
horizontal seismic loading, the tunnel lining experiences extensive tensile and compressive through—cracks along the
conjugate 45° directions from the right arch waist to the left wall foot, and from the left arch waist to the right wall
foot, resulting in severe seismic damage. Under the condition of small-angle bias, continuous slip surfaces extend
from the slope crest to the tunnel’ s deep—buried side wall foot, with local continuous sliding and localized collapse
occurring at the slope surface and crest. The dynamic amplification effect of the tunnel cavities is the primary cause
of the formation of local slip surfaces at the slope surface, while the combined shear force from the seismic inertia
force and gravitational force of the rock—soil body is the fundamental cause of the inward deformation of the tunnel
lining on the deep—buried side and outward deformation on the shallow side. The findings of this study provide
valuable insights into the seismic design of shallow buried bias loess tunnels.

Key words: bias tunnel ;acceleration amplification factor ; seismic damge mechanism ; shaking table model test
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Fig.1 A typical bias loess tunnel and its cross section
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Fig.2 Shaking table and model box
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Fig.3 Distribution of acceleration sensors (unit:cm)
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Fig.4 Tunnel lining strain gauge layout diagram
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Fig.7 Seismic wave loading scheme
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Fig.15 Seismic damage mode of small angle shallow buried

bias loess tunnel slope
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bias loess tunnel lining
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