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Impacts of Ground Loads on Deformation and Failure Characteristics
of Urban Tunnel Surrounding Rock
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Abstract: The influence of ground loads on the deformation and failure of urban tunnel surrounding rock is a critical is-
sue in tunnel engineering design and construction. To investigate the stress distribution, displacement characteristics,
and failure modes of surrounding rock under various ground load conditions, this study employs PHASE2D numerical sim-
ulation and orthogonal experimental design, focusing on a comprehensive road reconstruction project. Key factors inclu-
ding load magnitude, distribution pattern (uniform vs. concentrated ) , horizontal distance from the tunnel centerline, and
cross-sectional shape are analyzed. Results are as follows. From the load perspective (excluding excavation cross-section
effects) , the horizontal distance of the load exerts the most significant influence on vertical stress, followed by load distri-
bution pattern, and finally load magnitude. For vertical displacement, horizontal distance remains the dominant factor,
succeeded by load magnitude and distribution pattern. The closer the horizontal distance of the load to the tunnel center-
line, the greater the impact on surrounding rock deformation. Uniform loads induce notably more severe deformation than
concentrated loads. Increased load magnitude intensifies deformation and failure of surrounding rock. Under shallow buri-
al conditions, arch-shaped cross-sections demonstrate superior stability compared to other configurations. The main influ-
encing factors of ground load on urban tunnel surrounding rock deformation are the horizontal distance between the load
and the tunnel, followed by the form of load distribution, then the magnitude of the load.
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