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Analysis of the Influence of Groundwater Level Rise on the Structure of
a Metro Station in a Cobble Stratum

LIANG Zhongdong', LI Zhibin', GUAN Qifeng', ZHANG Yue', SHAN Yepeng’, CAI Guoqing’
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Abstract: To evaluate and mitigate risks to the structure of a metro station in a cobble stratum under rising groundwater, this
study utilized the finite element method to develop a two-dimensional numerical model of a representative cross-section based
on a Beijing subway station project. The model reasonably incorporates strength degradation induced by soil wetting and
comprehensively examines the structural internal forces, displacements, and evolution of plastic zones within the ground in
response to scenarios of groundwater level rise in gravelly deposits. The simulation results show that the base slab, roof slab
and sidewalls, as the enclosure structure, all exhibit increased compressive stress on their soil-facing surfaces. The base slab
and roof slab bear the horizontal stress from the sidewalls, thereby offsetting part of the mid-span bending moment and reducing
the tensile stress. The intermediate slab and the central column, as intermediate supporting members, continue to perform their
supporting function effectively. Notably, the slab-column and slab-wall connections are regions of stress concentration and
therefore require particular attention to prevent structural cracking or damage caused by excessive stress. In a cobble stratum,
both the stratum and station experience uplift, with the station’s uplift marginally surpassing the surrounding soil. Structural
integrity remains unscathed without local deformation, thus indicating a relatively diminished risk of localized structural harm.
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The plastic zone is mainly concentrated in areas such as the bottom corners of the sidewalls and does not extend to the ground
surface to form a rupture zone, indicating a low probability of overall instability.
Keywords: urban rail transit; groundwater level rise; cobble stratum; metro station; numerical simulation
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Figure 1 Historical groundwater depth in Beijing
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Figure 2 Standard cross-section
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Figure 3  Simplified stratigraphic profile
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Table 1 Parameters of structural materials
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Figure 4 Schematic diagram of the mesh generation for
soil layers and station structures
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Table 2 Physical and mechanical properties of various soils and rock strata
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Figure 6  Stress in the roof slab of the structure
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Figure 7 Stress in the intermediate slab of the structure
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Figure 8 Vertical loading on the structural side walls
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