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Study on the Failure Mechanism of Combined
Multi-Cracked Red Sandstone Based on Energy
Evolution and Damage Constitutive Theory
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Abstract: To reveal the instability failure mechanism and energy evolution law of the rock mass with multiple cracks, a numerical
model of red sandstone was established by using PFC2D. The mesoscopic parameters of the numerical model were calibrated
based on the results of uniaxial compression tests and Brazilian splitting tests of intact red sandstone specimens. On this basis, the
particle flow simulation tests of red sandstone with multiple cracks were carried out. The results show that with the increase of A,
the peak strength of the multiple-cracked red sandstone gradually decreases when the inclination angle remains unchanged; with
the gradual increase of the inclination angle «, the peak strength of the multiple-cracked red sandstone gradually increases when

the short-long axis ratio A remains unchanged; the failure mode shows a diagonal tensile-shear failure, with tensile as the main and
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shear as the auxiliary, and the failure and instability mode of the specimens are all along the extension direction of the prefabricated
cracks; the failure mode of the multiple-cracked red sandstone is jointly affected by the short-long axis ratio and the inclination
angle; before the peak strength, the rock mainly shows the energy accumulation characteristics; at the peak strength, the total
energy of the red sandstone is mainly elastic energy and supplemented by dissipated energy; at the instability failure, the total
energy of the red sandstone is mainly dissipated energy and supplemented by elastic energy; the energy storage capacity and failure
difficulty of the red sandstone change with the variation of the multiple-crack inclination angle « and the working conditions,
which can be used as a reference for rock breaking operations; and a high-precision damage constitutive model of red sandstone
based on different height-diameter ratios A and different joint inclination angles « was established.

Key words: combined multiple cracks; particle flow; microcrack propagation; energy evolution; damage constitutive model
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Fig.1 Particle flow code numerical model
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Tab.1 Mesoscopic parameters of parallel bond contact model

Model parameter Notation Value

Particle contact modulus/GPa E 2.17
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Particle stiffness ratio

Parallel bond effective modulus/GPa E 2.17
Parallel bond stiffness ratio K 2
Normal bond strength/MPa o, 23

Tangential bond strength/MPa 7, 125
Friction angle/° 7 30
Friction coefficient 7 0.3
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Fig.7 Energy evolution diagram of combined defect red sandstone
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Fig.8 Elastic energy conversion rate of red sandstone under different working conditions
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Fig.9 Validation of the constitutive model
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