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Abstract: Underground rock masses often contain fissures with different inclination angles and various fillings, and the crack
propagation and failure behavior of rock bridge structures directly affect the stability of underground rock engineering. Through
uniaxial compression tests on filled jointed red sandstone with different inclination angles, acoustic emission parameters (ring
count, rise time, amplitude, duration) monitoring and FRACOD numerical simulation, the crack propagation law and damage
mechanism of rock bridge structures in filled joints under different inclination angles of joint were systematically studied. The
results show that the stress-strain curves exhibit three stages of compaction, elastic deformation and rapid stress drop. A stress
surge occurs near the peak stress due to specimen slip and crack initiation. The acoustic emission signals increase significantly
before and after the peak stress. The cumulative ring count shows a stepwise jump, and the abrupt increase points of its curve
can effectively determine the critical point of crack initiation. The results of RA-AF analysis show that the proportion of shear
cracks is the largest when inclination angle of joint is 30°, and tensile failure dominates when inclination angle of joint is 45°,
With the increase of inclination angle of joint, the crack propagation mode transforms from tensile-dominated to tensile-shear
composite, and then back to tensile-dominated. The FRACOD simulation results show that with the decrease of stress ratio,
the horizontal stress significantly restrains the initiation and propagation range of cracks. The increase in horizontal stress
significantly changes the failure mode of the rock mass by inhibiting the propagation of tensile cracks. The results reveal the

mechanism of joint inclination angle on crack propagation and damage evolution of rock bridge structures, providing a
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theoretical basis for stability analysis of deep underground rock engineering.

Key words: Inclination angle effect, Filled joint. Rock bridge structure. Crack propagation, Damage mechanism
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Fig.1 Red sandstone specimens
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Fig.2 Results of mechanical properties

testing for red sandstone
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Table 3 Critical loads at key inclination angles

a/(%) P ../MPa
30 6.32
45 7.92
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Fig.13  Acoustic emission characteristics of red sandstone under different inclination angles of joint
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