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Effect of cyclic stress damage on the mode I dynamic fracture
characteristics of coal
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Abstract: To investigate the impact of cyclic stress damage on the dynamic fracture characteristics of coal mass-
es, static and dynamic fracture tests were conducted on type I single-sided notched beam specimens of coal mass-
es before and after undergoing original and cyclic stress damage. The test results reveal that the average dynamic
mode I fracture toughness (Kic) of the coal mass is 0.344 MPa'm'?, with an average mode I fracture energy
(Gc) of 66.99 N/m. These values are 1.38 times and 1.26 times higher, respectively, than the corresponding static
fracture parameters of the coal specimens. Upon cyclic stress damage, the average static Kjc value of the coal
specimen decreases to 0.219 MPa'm'?, while the average static G¢ reduces to 44.26 N/m. These values represent

a decrease of 12.05% and 16.74% compared to the original coal specimen. Furthermore, the average dynamic K¢
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and G are found to be 0.279 MPa-m'"?and 52.72 N/m, respectively, reflecting a 20.90% and 21.30% reduction

when compared to the impact fracture test results of the original coal specimen. This indicates that cyclic stress

has a detrimental effect on both the dynamic and static fracture mechanical parameters of coal masses. Nota-

bly, the dynamic fracture behavior of coal masses exhibits higher sensitivity to cyclic stress damage. Moreo-

ver, the fractal dimensions of the dynamic fracture damage in the original and cyclic stress-damaged coal speci-

mens are measured as 1.32 and 1.21, respectively. This suggests that the fracture and fragmentation of the original

coal specimen under impact load are more complex, and the impact dynamics are more fully manifested. Addi-

tionally, the numerical calculations based on the cohesive crack model for type I dynamic fracture of coal masses

align well with the corresponding test results, affirming the efficacy of the cohesive crack model in characterizing

the dynamic fracture process of coal masses.

Key words: impulse load; fracture toughness; fractal dimension; cohesive crack model
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