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Abstract: To investigate the structural damage characteristics and deformation mechanisms of in-service metro tunnels in
collapsible loess regions, this study conducted long-term structural deformation monitoring on a metro tunnel in Xi’an, China.
Safety assessments of tunnel sections were performed based on monitoring data, with numerical simulations further revealing
the causes of deformation in high-risk zones. The monitoring data show that the study line tunnels present a composite deformation
pattern of arch subsidence and structural expansion dominated by arch subsidence. The Z5-Z6 interval was evaluated as a
high-risk section due to the seriousness of the structural distress. Numerical simulations demonstrate distinct deformation
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mechanisms: saturation of the soil above the tunnel crown predominantly induces horizontal ovalization deformation (“horizontal
egg-shaped” distortion), while saturation below the invert mainly triggers overall subsidence with minimal impact on structural
dilation or surrounding rock pressure. By combining the geological investigation and deformation monitoring data, the monitored

structural-expansion values match well with the predicted values for a 4-8 m flooding depth in simulation condition 3
(groundwater level rise), confirming that the compressive deformation triggered by the flooding of old loess beneath the invert
is the main cause of structural deformation in this section. The findings provide valuable insights for the construction and

operation and maintenance of urban rail transit systems in similar collapsible loess regions.

Keywords: urban rail transit; loess subway tunnel; deformation monitoring; reasons for deformation
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Figure I  Overview of the subway line crossing collapsible
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Figure 4 Crown settlement and settlement rate curves
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Table 1 Structural safety level determination table
for operational subway tunnels
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Table 2 Table of values of surrounding rock and
structural parameters
+E ’A WHE AR mEy BRH o AEEA
AR = Ep/MPa by kNmP) (kN'm?) o/

e #AE 600 028 1711 1024 10.16
T BkE 3000 029 1727 573 8.38

o KA 25.21 024 16.73 38.32 24.82
) ZwKJE 2315 025 1899 21.35 22.10

ZAKET 3072 025 15.76 36.73 24.16
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Figure 10  Surface settlement curves for different
immersion method
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in tunnels with different immersion methods
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Figure 14  Error comparison between calculated and measured

values under different flooding conditions
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