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Failure Mode and Treatment Technology of Shallow Buried
Loess Tunnel Collapse
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( China Railway Siyuan Survey and Design Group Co. , Ltd. , Wuhan, Hubei 430063, China)

Abstract; Based on the collapse accident of a shallow buried loess tunnel in Ningxia, this paper first
discusses and analyzes the collapse failure mechanism and mode of the shallow buried loess tunnel.
Then, based on the on-site collapse situation, the causes of the tunnel collapse are analyzed and the dis-
posal plans are proposed. Finally, the disposal effect is evaluated through numerical simulations and on-
site monitoring. The results show that the vulnerability of loess itself, adverse terrain, disturbance du-
ring shallow tunnel construction, and heavy rainfall infiltration jointly lead to the formation of a certain
range of loess soft and collapsible zones in the surrounding rock above the tunnel. The original tunnel
support structure cannot resist the degraded surrounding rock, and the deformation and structural stress
of the surrounding rock increase significantly. Among them, the settlement of the arch crown increases
by 91. 8%, and the initial positive bending moment at the arch shoulder increases by 60. 7% ; The in-
stability and failure of the excavation face in loess strata can be divided into two modes; the instability
and failure of the palm face reaching the weak and collapsible zone, and the instability and failure of
crossing the entire weak and collapsible zone. Combining the finite element simulation and on-site moni-
toring verification, the comprehensive anti-collapse treatment technology of “temporary support system
plus arch replacement plus advanced pipe shed grouting reinforcement” has shown significant applica-
tion effects.
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Fig. 1 Schematic diagram of longitudinal section of tunnel collapse
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Fig. 2 Damage status of initial support concrete
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Fig. 3 The deformation failure condition of bolt system
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Fig. 4 Microscopic schematic mechanism diagram of loess collapsibility failure
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Fig. 5 Failure Mode 1; The unstable and destructive

development of the palm face reaching the weak zone
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Fig. 7 Schematic diagram of the model
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Fig. 8 Overall vertical deformation before and after the

formation of weak and collapsible loess zones
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moment of tunnels before and after the formation

of weak and collapsible loess zones
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reinforcement for advanced pipe shed
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Fig. 12 Models of different advanced support measures
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Fig. 13 Accumulated deformation of various parts of

the tunnel under different advanced supports
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