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Research status and evaluation of theoretical calculation of plastic

zone boundary for hole surrounding rock
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(1.China Energy Guoyuan Electric Power Group, Beijing 100033, China ;2.School of Energy and Mining Engineering, China University of Mining and Technology—
Beijing, Beijing 100083, China;3.Research Center of Roadway Support and Disaster Prevention Engineering in Coal Indusiry, Beijing 100083, China)
Abstract : In underground mining engineering, there are roadways, openings, various mining chamber spaces, artificial boreholes and nat-
ural caves, etc.The failure and stability of their surrounding rock can be unified into the study of rock mass mechanics around the hole in
the infinite underground space. Combined with the engineering conditions of underground coal mines, the theoretical formula under hydro-
static pressure condition and the boundary equation of plastic zone under non—uniform stress field were studied by using the method of
comparative analysis between theoretical calculation and numerical simulation. The mechanical model, the derivation principle, the deriva-
tion process and the calculation accuracy of the theoretical calculation were analyzed in detail, and its applicability was evaluated and ana-
lyzed. The results show that the derivation process of theoretical formula under hydrostatic pressure is rigorous and the calculation accuracy
is high. It is suitable for the calculation of plastic zone range of surrounding rock under hydrostatic pressure, approximate hydrostatic pres-
sure and low deviator stress conditions, but not under high deviator stress conditions. The derivation process of the plastic zone boundary
equation in non—uniform stress field was simplified, and it was an approximate solution. The approximate solution has some errors in accu-
racy compared with the numerical simulation results, but it can well reflect the plastic zone evolution law of the surrounding rock in the

non—uniform stress field. It has important guiding significance for studying the failure law and disaster—causing mechanism of the surround-
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ing rock in the underground high deviating stress field. Based on the analysis and evaluation of the existing theory for calculating the plastic

zone boundary of surrounding rock, the advantages and disadvantages of different theoretical methods and applicable conditions are clari-

fied, which is of great practical significance for the rational application of theory to guide engineering practice.

Key words : plastic zone boundary; butterfly—shaped plastic zone; hole surrounding rock ;rock mechanics
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Fig.1 Mechanical model of hole surrounding rock

under hydrostatic pressure
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Fig.2 Stress model of hole surrounding rock in

non—uniform stress field
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Fig.3 Comparisons between theoretical calculation and
numerical simulation of plastic zone of hole surrounding

rock under hydrostatic pressure
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Fig.4 Theoretical calculation and numerical simulation
results of plastic zone of hole surrounding rock in
non—uniform stress field
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