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Abstract: To evaluate the threat posed by groundwater level fluctuations to the structural safety of subway systems, a dynamic
early warning system for anti-floating failure of subway structures was developed. Taking the Beijing subway as an example,

its structural types and geological environment characteristics were systematically analyzed. Station structures were classified

into four categories based on burial depth and geological conditions, and section tunnels were further subdivided into eight

categories based on excavation methods. Representative standard cross-sections from each category were selected as the basis
for numerical modeling. Utilizing the suction stress-based effective stress principle and the Mohr-Coulomb constitutive model, a
hydro-mechanical coupling numerical model was established to systematically simulate the stress and deformation responses

of subway structures under various hydrological conditions, and a numerical simulation database covering multiple working

conditions was constructed. By quantitatively evaluating the stability of subway structures under different hydrological conditions,

structural internal forces, displacement, bearing capacity, and maximum crack width were selected as four early warning
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indicators. The contribution of each indicator to anti-floating failure was analyzed. Combining expert scoring data, the analytic
hierarchy process (AHP) was used to determine the indicator weights, thereby constructing a dynamic early warning system
for anti-floating failure of subway structures. The results show that the established database can effectively reveal the mechanism

of ground bearing capacity weakening caused by rising water levels. Moreover, the proposed early warning system achieves

accurate stability assessments and risk warning, while implementing water discharge and pressure reduction as primary control

measures significantly enhances its real-time performance and engineering applicability. This study provides a theoretical

basis and technical support for the safe operation and maintenance of underground structures such as subways under changing

hydrological conditions.

Keywords: urban rail transit; rising groundwater level; subway structures; anti-floating failure; dynamic early warning system;

numerical simulation
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Figure 3  Stress of the tunnel structure when the water level
rises to the surface
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Figure 4 Standard and design value of bending moment
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Table 6 Classification of early warning levels for section tunnels in deeply buried homogeneous strata
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Table 7 Parameters of structural materials
AR % /(kg/m®) #$4¢/GPa PR AN
C30 2410 30 0.2
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Figure 6 Station structure and stratum model
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Table 8 Soil parameters

B 5 32 /m T EER  FE/(kgm®) ARk
@1 15 B E 1650 0.4
©) 5 i 1940 0.3
@ 11 WAL 2000 031
® 18 9 % 2180 0.28
® 19 R e 1980 0.29
@ 60 9 % 2180 0.28
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#BEMPa  BRA/KPa  AEHEAS 5k R #/(m/h)
26.7 10 12 2.88x107
33.6 33 28 1.08x10°
18.63 42 17 7.20x10°*
240 0 50 7.20
27.3 42 17 1.80x10°*
240 0 50 7.20
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Figure 7  Stress of station structure when water level rises
to the surface
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Table 9 Classification of early warning levels for station in shallowly buried upper-soft and lower-hard strata
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