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Abstract: The in-situ stress field of tunnels significantly influences excavation and support methods. To explore sur-
rounding rock deformation and failure characteristics of deep tunnels under non-uniform stress fields, this work system-
atically investigates the effects of principal stress ratios (all are greater than 1), directions, and tunnel cross-sectional
shapes on plastic zones, stress fields, and displacement fields through theoretical analysis based on the Mohr-Coulomb
strength criterion and PHASE2D numerical simulation. Results show that increasing confining pressure ratios transform
plastic zone morphology from circular to elliptical and butterfly-shaped. Circular sections exhibit minimal deformation
and the most uniform stress distribution, while rectangular sections suffer complex deformation due to corner stress con-
centration. When the maximum principal stress forms a 90°with the horizontal plane, the surrounding rock’s butterfly
zone appears as a standard positive butterfly shape with smaller boundary dimensions and concentrated strength coeffi-
cient distribution, favoring focused tunnel support. The strength coefficient distribution under non-uniform stress fields
shows butterfly or irregular butterfly patterns, with boundary sizes and positions varying with the principal stress angle.
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