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Interaction between tensile crack and filling cemented fissure in rock
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Abstract: The interaction of pre-existing fissures and engineering cracks caused by excavation-induced disturbance, unloading and
hydraulic fracturing is very common in rock engineering. Establishing a propagation criterion suitable for engineering cracks
encountering pre-existing fissures is the key to explaining the propagation mechanism of engineering cracks and investigating the
weak-surface shear-slip of rock mass. The study used two concrete filling materials with different strengths to simulate the
pre-existing fissures of strong and weak cementation. The mode I static fracture toughness of the filled cemented rock was
determined by the semi-circular bend method under the quasi-static tensile stress. By analyzing the propagation trajectory of
engineering cracks, the relationship between the critical crack initiation angle and the stress approach angle was obtained; the
interaction propagation mode and initiation criteria of engineering cracks interacting with preexisting fractures were further discussed.
The results show that the interaction between engineering cracks and pre-existing fissures under tensile stress is jointly affected by the
stress approach angle, the crack initiation approach distance, and the cementation strength of the filling. The static fracture toughness
of the filled cemented sandstone first increases and then decreases with the increase of the stress approach angle. When the crack
initiation distance is large, the fracture toughness changes little with the stress approach angle; while when the crack initiation
distance is short, the fracture toughness first increases and then decreases with the increase of the stress approach angle. The stress
approach angle affects the fracture toughness of the cemented rock filling, but the magnitude of the influence is not as great as those
of the crack initiation approach distance and the cement strength of the fillings, and there is a limited influence distance. Even if the
rock material is under tensile stress, there is also shear localization at the front of the crack. Therefore, whether or not an engineered
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crack crosses a pre-existing fissure depends on the shear strength of the cracks and the friction properties of the pre-existing fissure

under the combined effect of the stress approach angle, the crack initiation approach distance, and the cementation strength of the

filling materials.

Keywords: semi-circular bend; rock fracturing; natural fracture; filling cement; fracture toughness
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Table 1 Sample grouping and filling material ratio scheme
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Fig.3 Force-displacement curves and crack propagation of rock sample filled with material A (Z=11.5 mm)
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Fig.4 Force-displacement curves and crack propagation of rock sample filled with material B (L=11.5 mm)
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Fig.5 Force-displacement curves and crack propagation of rock sample filled with material A (L=5.0 mm)
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Table 2 Mode I static fracture toughness of sandstone under the influence of different filling materials
and stress approach angles
REERS B/ Kie/MPam'?) JREE BRLEEIE L/mm WSS B/(O) Ko/ MPam'?) R FALEEEE L/ mm
SCB-1~3 10 0.197 G 11.5 SCB-31~33 10 0.207 G 5.0
SCB-4~6 30 0.202 G 11.5 SCB-34~36 30 0.212 G 5.0
SCB-7~9 50 0.197 G 11.5 SCB-37~39 50 0.297 G 5.0
SCB-10~12 70 0.170 G 11.5 SCB-40~42 70 0.260 i 5.0
SCB-12~15 90 0.164 G 11.5 SCB-42~45 90 0.195 G 5.0
SCB-16~18 10 0.205 49 11.5 SCB-46~48 10 0.148 99 5.0
SCB-19~21 30 0.185 49 11.5 SCB-49~51 30 0.250 99 5.0
SCB-22~24 50 0.223 g9 11.5 SCB-52~54 50 0.253 99 5.0
SCB-25~27 70 0.160 49 11.5 SCB-55~57 70 0.261 99 5.0
SCB-28~30 90 0.184 549 11.5 SCB-58~60 90 0.225 95 5.0
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Fig.7 Variation of mode I fracture toughness of filled
cemented sandstone with stress approach angle
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Fig.8 Fracture propagation mode and its distribution
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