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Establishment and Analysis of the Index System for Morphological
Characteristics of Plastic Zone Around Circular Roadway

Yuan Yue'”, Wang Weijun"?*, Li Shuqing'*, Zhao Yanlin'?, Wu Hai'?, Peng Gang™*
(1. Work Safety Key Lab on Prevention and Control of Gas and Roof Disasters for Southern Coal Mines,
Hunan University of Science and Technology, Xiangtan 411201, China;
2. Hunan Key Laboratory of Safe Mining Techniques of Coal Mines, Hunan University of Science and Technology, Xiangtan 411201, China;
3. School of Resources, Environment and Safety Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

4. State Key Laboratory for Geomechanics and Deep Underground Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract; The important basis for quantitative analysis and evaluation of surrounding rock stability is that
morphological characteristics of plastic zone are scientifically and reasonably represented. In this paper, based on
analytical formula of plastic zone boundary of asymmetric circular roadway, the evolution law and distribution of
plastic zone morphology with biaxial pressure ratio are discussed. On this basis, the index system for
morphological characteristics of plastic zone around circular tunnel is established by using theory of geometric
morphology, which is composed of class I and class II indexes. The connotation, difference of each index and the
relation between surrounding rock stability and indexes are analyzed. Results show that after plastic zone evolves
into butterfly—shape, butterfly—shape with long leaf with change of biaxial pressure ratio, uniformity of plastic

expansion depth at all directions decreases obviously. Meanwhile, growth of plastic zone area is much greater
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than that of limit plastic expansion radius, and the change of plastic zone size is more sensitive. So in ( super)
high deviatoric stress environment, roadway is easy to fail. The uniformity coefficient and irregular coefficient of
shape can be used to describe the characteristics of uniformity and regularity of plastic zone shape. But coefficient
of irregular shape can better reflect difference of morphologic change. Finally, an example is given to verify the
scientificity and rationality of the indexes, which lays a good foundation for quantitative evaluation and
classification of surrounding rock stability.

Keywords: circular roadway; plastic zone; morphological characteristics; index system; stability of

surrounding rock
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