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Crack Propagation and Energy Evolution of Rock Mass with Cross-Fractures
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Abstract: Based on PFC™ | a numerical model was constructed to systematically analyze the effects of confining pressure
and fracture dip angle on the crack propagation, failure modes, and energy evolution of rock mass with cross-fractures.
The results show that with the increase of confining pressure, the failure mode transitions from tensile or mixed failure
mode under low confining pressure to shear-dominated failure under high confining pressure. As the dip angle increases,
the secondary fracture - dominated fracture is shifted to primary fracture - dominated fracture. The confining pressure
significantly affects the propagation morphology and quantity of cracks, whereas the dip angle mainly influences the crack
initiation location and propagation path. The confining pressure enhances the energy storage capacity of rock samples,
promotes strain energy accumulation, and strengthens the overall toughness of the structure. The dip angle mainly affects
the energy allocation path. When the dip angle of cross-fractures is 45°, the specimen exhibits an extremely high energy
storage capacity and delayed failure behavior, indicating a strong load-bearing capacity but a high rockburst risk. When
the dip angle of cross-fractures is 60°, the lower energy storage limit of the specimen leads to sudden burst of energy,
demonstrating typical brittle failure characteristics.
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storage limit; failure mode; fracture dip angle; strain energy; dissipated energy
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Fig.2 Numerical calculation model of specimen with cross-fracture
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Fig.3  Morphologies of specimen with cross-fracture at different dip angles under different confining pressures
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Fig.4 Crack evolution processes of specimen with cross-fracture at a 45° dip angle under different confining pressures
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Fig.5 Crack evolution processes of specimen with cross-fracture at different dip angles under a confining pressure of 6 MPa
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Table 3  Characteristic energy of cross-fractured rock samples

under different conditions
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Fig.6 Comparison of energy storage limit and post-peak dissipated energy of specimens

at different dip angles under different confining pressures
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