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Experimental study on fatigue damage and fracture characteristics of
double-fissured granite under multi-level cyclic loading
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Abstract: Controlled by geological structures, rock masses commonly develop extensive fissures. Under the
disturbance of deep mining operations, surrounding rock frequently suffers cyclic loading. To investigate the
mechanical properties and damage-fracture characteristics of pre-fissured granite under multi-level cyclic loading,
this study conducted multi-level fatigue mechanical tests and real-time acoustic emission ( AE) monitoring on
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double-fissured granites under different cyclic stress paths. The results show that as the rock bridge length
increases, the deterioration effect of the double fissure on the granite gradually decreases while the strength
deformation, fatigue life, and dynamic elastic modulus of the specimens all show an upward trend. The fatigue
mechanical parameters of the granite specimens are higher under a multi-level constant amplitude cyclic stress.
Under multi-level cyclic loading, the elastic modulus shows two stages of “increase-decrease” in a stepwise
pattern, and the variation in the elastic modulus is greater under multi-level constant-amplitude cyclic loading.
AE energy from granite primarily occurs during the initial cycles of each fatigue stage and the instability stage,
and the cumulative AE energy exhibits a significant positive correlation with rock bridge length. Compared to
increasing-amplitude cyclic loading, granite has higher cumulative AE energy under constant-amplitude cyclic
loading. Under multi-level cyclic loading, intact granite specimens show typical axial tensile failure, and the
failure mode of pre-fissured granite is constrained by rock bridge length. As the length of rock bridges increases,
the failure mode transitions gradually from rock bridge-induced failure to intact granite failure. However, the
cyclic stress path has little effect on the macroscopic fracture characteristics of granite.

Key words: double-fissured granite; multi-level cyclic loading; fatigue damage; mechanical properties; fracture

characteristics
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Fig. 1 Preparation of fissured granite specimens
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Fig. 2 Schematic diagram of multi-level cyclic stress paths
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Fig. 3 Stress-strain curves of fissured granite specimens under multi-level cyclic loading
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Fig. 5 Evolution of axial strain of fissured granite during multi-level fatigue loading
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Fig. 6 Evolution of elastic modulus of fissured granite during multi-level fatigue loading
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Fig. 7 Effect of cyclic stress path and rock bridge length on the AE energy in granite during multi-level fatigue loading
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Fig. 9 Macroscopic failure modes of fissured granite under multi-level constant-amplitude cyclic loading
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