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Abstract: The structural weak planes have a significant impact on the mechanical properties of rock (coal) masses. Under
the influence of geological structures or mining activities, the surrounding rock in deep mines commonly exhibits a coal-
rock combination structure containing macroscopic fractures. Therefore, studying the mechanical properties of fractured
coal-rock combination samples is of great importance for the control of surrounding rocks in deep tunnels and for the pre-

vention and mitigation of dynamic coal and rock disasters. The study conducts a comparative analysis of the effects of dif-

YR EEA:2024-11-20  SRERE: #hEF  REHRE: MM DOL 10.13225/).cnkijees. YG24-1431
E&WE: HEARPIAILS BT H (52130409, 52374249); [H5 A AR5 QIH A BIT H (52121003)
TEER AN : T 9l (1972—), B, Mg F A, #d%, 1. E-mail: kaiwang@cumtb.edu.cn
SRR EHL, K, kLB, 45 BLBUR A AL 45 H I B IR AT S B T I AR AR [T, B AE A, 2025, 50(1):
432-451.
WANG Kai, ZHANG Xiang, DU Feng, et al. Progressive failure behavior and stress evolution characteristics -
of fractured coal-rock combination structure[J]. Journal of China Coal Society, 2025, 50(1): 432—451. % 5h e



https://doi.org/10.13225/j.cnki.jccs.YG24-1431
https://doi.org/10.13225/j.cnki.jccs.YG24-1431
https://doi.org/10.13225/j.cnki.jccs.YG24-1431
mailto:kaiwang@cumtb.edu.cn

51 T O RS A S AR T o RN AR 433

ferent fracture positions and fracture angles on the evolution of the mechanical properties and the progressive failure char-
acteristics of fractured coal-rock combination samples. Furthermore, a discrete element model of the fractured coal-rock
combination structure was established to investigate the evolution of the stress field, as well as the dynamic relationship
between crack initiation and propagation and the characteristic stress values under varying fracture positions and angles.
Finally, based on the theory of stress fields at fracture tips and interface constraint effects, the mechanical mechanism of
the fractured combination structure under uniaxial compression were discussed. The results indicate that fractures primar-
ily affect the coal mass within the structure, leading to a significant reduction in both strength and deformation capacity of
the coal-rock combination structure samples. As the fracture angle increases, crack closure stress, yield stress, peak stress,
initial deformation modulus, and elastic modulus of the samples all show an exponential increase. The presence of inter-
face fractures causes earlier initiation of damage in the combination structure samples, and during the yield stage, the
acoustic emission count occupies a relatively high proportion throughout the entire loading process. When the fracture
angle is close to horizontal, the cracks in the samples propagate rapidly before reaching peak stress, and the cumulative
damage degree is greater. The strain localization zones in different samples tend to propagate inward into the coal mass,
ultimately leading to the formation of macroscopic tensile cracks either within the individual materials or across the inter-
face. The study also identified the characteristic regional distributions of force chain fields and stress fields, revealing that
changes in the fracture angle can cause a deflection of these characteristic regions, which significantly influences the inter-

face constraint effect. The presence of fractures significantly alters the distribution of the ultimate strength of the coal and

rock components within the conventional coal-rock combination structure.

Key words: fracture; coal-rock combination structure; strain field; mechanical property; stress evolution
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