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Approximate solution of plastic zone boundary of surrounding rock of circular

roadway considering axial stress
LIU Hongtao'?, HAN Zijun'?, GUO Xiaofei'?, ZHOU Guangdong'?, WEI Shengjie', HAN Zhou',
CHEN Xiaogangl, CHENG Wencong1
(1.School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2. Research Center of Roadway
Support and Disaster Prevention Engineering in Coal Industry, Beijing 100083, China)

Abstract: In order to study the boundary of plastic zone of surrounding rock of a roadway considering axial stress, based on Mohr-Cou-
lomb criterion, the implicit equation of plastic zone boundary of surrounding rock of circular roadway considering axial stress is derived by
introducing Lode angle parameter. The size and shape of plastic zone of surrounding rock under different stress fields are analyzed by
changing the horizontal stress o, and axial stress o, of roadway, and the reliability of theoretical analysis is further illustrated by numerical
simulation. In addition, the influence of cohesion C, internal friction angle ¢, roadway radius R and Poisson’s ratio v on the stability of sur-
rounding rock is studied. The results show that : (D) Under the condition of fixed axial lateral pressure while changing horizontal lateral
pressure, the size change of plastic zone of surrounding rock can be divided into sensitive zone and insensitive zone, and in the changing
process of horizontal lateral pressure, the plastic zone of surrounding rock shows three forms: circular, elliptical and butterfly-shaped.
(2 Under the condition of fixed horizontal lateral pressure while changing axial lateral pressure, the plastic zone at each position of sur-

rounding rock shows a strong interval effect. By comparing the size of plastic zone under plane strain problem, the region is divided into
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axial stress-affected zone and axial stress-unaffected zone. In the influence zone of axial stress, the change of axial lateral pressure has

great influence on the size of plastic zone of surrounding rock. 3 The failure mode of roadway surrounding rock is determined by the ho-

rizontal lateral pressure #,, and the axial lateral pressure #, has little effect on the shape of plastic zone, but has great influence on the size.

@) The increase of surrounding rock C and ¢ will reduce the size of plastic zone of roadway surrounding rock to varying degrees, and the

increase of R will increase the plastic zone at different positions of surrounding rock in an equal number sequence. In the axial stress-unaf-

fected zone, v has no effect on the size of plastic zone of surrounding rock. In the axial stress-affected zone, the size of plastic zone at the

wing corner is not affected by v, and the size of plastic zone at other locations is affected to different degrees.

Key words: surrounding rock damage; plastic zone of surrounding rock; plastic zone boundary; circular roadway
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Fig.6 Size and partition of plastic zone in different position of roadway under different #, when 7, = 1
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Fig.7 Size and partition of plastic zone at different positions of roadway with different #, when 5, = 1.2
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