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Abstract: After grouting reinforcement of fractured rock masses, both filled and unfilled fractures often coexist internally. To
investigate the shear characteristics of rock masses under fracture differential filling, a numerical model of grouting-bonded
particle flow was constructed based on the indoor direct shear tests of intact and fractured grouting-bonded red sandstone, and
the meso-mechanical parameters of grouting rock mass were obtained. The numerical simulation of normal stress direct shear
was carried out for red sandstone samples with prefabricated 45° parallel double fractures under unfilled, half-filled (left-filled,
right-filled) and full-filled conditions. The results show that under the half-filled condition, the tensile-shear fractures are first
generated at both ends of the open fractures, and gradually expand to both ends of the rock until failure. After failure, the
proportion of tensile-shear, compression-shear and tensile fractures remains basically unchanged, among which the tensile-
shear fractures account for the largest proportion, about 80%. Compared with the left-filled condition, the right-filled condition
enters the failure stage faster, but the number of fractures is less than that of the left-filled condition. Filling fractures with
epoxy resin slurry can weaken the guiding effect of open fractures on fracture initiation when rock mass is damaged, and
improve shear strength. The shear strength under left-filled and right-filled conditions is not much different, and the shear
strength increases best under full-filled conditions. The research results have reference significance for the evaluation of grouting
effect in fractured rock mass.s.
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Table 1 Basic physical and mechanical

parameters of red sandstone

WRE/ ToKE/ FPE R/ PR R/
(g/cm?) % GPa MPa
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Fig.1 Numerical model of direct shear

test of complete red sandstone
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Fig.2 Numerical model of direct shear test of

grouting bonded specimen
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Fig.3 Comparison of numerical simulation and

laboratory test results
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Table 2 Mesoscopic parameter calibration values
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Fig.4 Numerical models under different working conditions
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Fig.5 The crack number and stress-strain curves of each sample under different working conditions
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Fig.6 Failure diagrams of each stage under different working conditions
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Table 3  Shear strength of seni-filled specimens

under different normal pressures
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