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Research on Transient Unloading-Induced Plastic Zone in
Surrounding Rock Based on Modified Mohr-Coulomb Criterion

ZHOU Jing-ren, WEI Jiong, WANG Qing-yuan, LI Ru-fei
(School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China. Corresponding
author: WEI Jiong, E-mail: jiong. wei@ foxmail. com)

Abstract; Taking the unloading as a dynamic process, the plastic zone generated from different
excavation sections and in-situ stress conditions due to transient unloading was analyzed using
modified Mohr-Coulomb criterion including tension cut-off and elliptic cap models in surrounding
rock. The numerical results indicate that transient unloading will cause plastic deformation in the
vicinity of excavation perimeter. The plastic deformation increases with the increase of depth and
in-situ stress. Tensile stress is a key factor in accounting for the surrounding rock plastic
deformation during transient unloading. The plastic deformation direction coincides with the
maximum compressive principal stress. But it can induce serious compressive deformation in the
minimum principal stress if the in-situ stress satisfies certain condition. The bigger the section
curvature is, the smaller the plastic deformation becomes, so it is better to avoid linear boundary.
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Fig. 1 Variation of stress at free surface after
excavation
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Table 1

Mechanical parameters of rock
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Fig. 3 Contour of transient radial stress o, ( MPa)
after excavation ( p =25 MPa)
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Fig. 4 Distribution of radial stress o, at different
time in the centerline on the right side
of opening
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Fig. 5 Distribution of effective plastic strain under
hydrostatic stress field ( p =25 MPa)
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Fig. 6 Effective plastic strain at different depths

(k=1.0)
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Fig. 7 Effective plastic strain at different depths
without tension cut-off (k=1.0)
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Fig. 8 Effective plastic strain of different lateral
pressure coefficients( p =25 MPa)
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Fig. 9 Effective plastic strain of different lateral

pressure coefficients ( p =35 MPa)
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