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Abstract: To comprehensively investigate the influence of fracture characteristics on rock mass
strength and deformation failure, this study employs the discrete element method software PFC®* to

conduct deformation and failure tests on fractured sandstone under varying confining pressures and
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fracture inclinations. By integrating the macroscopic mechanical properties throughout the entire
deformation and failure process and analyzing the progressive failure characteristics based on the
evolution of the number of microcracks, a damage variable D is defined according to the number of
microcracks, and a damage constitutive relationship is established that can reflect the asymptotic failure
of fractured rock masses. The results indicate that: The fractured sandstone has obvious confining
pressure effect, the larger the confining pressure, the larger the compressive strength; Under the same
confining pressure, the compressive strength of fractured sandstone shows the trend of decreasing and
then increasing with the increase of fracture inclination angle. The deformation and damage process of
fractured sandstone corresponds to the evolution curve of the number of microscopic cracks with a stage,
based on the curve of the number of cracks, a smooth section, a linear growth section., an upward
concave growth section and the last tends to be flat section of the stage division, to determine the
of the the

microcracks of 0° and 90° fractured rock samples were almost spread throughout the whole sample, and

corresponding characteristics stress point. During the progressive damage process,
themicrocracks of 30°, 45° and 60° fractured rock samples tended to be generated along the pre-fractured
and the upper and lower loading surfaces. At each characteristic stress point, the total number of cracks
increases with the increase of confining pressure, and the larger the confining pressure, the larger the
proportion of shear cracks, and the total number of cracks decreases and then increases with the increase
of the inclination angle of the pre-fracture. The constitutive relationship established based on the number
of microcracks is reasonable and can well reflect the basic mechanical characteristics of fractured
sandstone.

Key words: fractured sandstone; crack number; progressive failure; damage constitutive model;

PFC® ;confining pressures; fracture inclinations
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Table 1 Model mesoscopic parameters
BV 27 e
UKL f5 /N2 42/ mm 0.825
OB ARLAE o 1.6
WK% B2/ ( kg/m*) 2 500
kL BHLJE R AR 0.7
TBURL B SF-A7 B 45 He Al i/ GPa 16
UL B AT R 25 W L 1.6
AT R GEBLHI IR/ MPa 36
FATREENE T/ MPa 40
AT RS AN/ (O 45
AT BN R R 0.6
JG# T B M NI/ GPa 4 800
JetE YN FIE/ GPa 4 800
S ¥ B R R AL 1.5
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Fig.3 Stress-strain curves of fractured sandstones under

different confining pressures and fracture inclinations
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Fig.4 Evolution curves of microscopic cracks number in fractured sandstones under different confining pressures and fracture
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Table 2 Characteristic stress values of fractured sandstone under different confining pressures

[l / 01 54 B (oi/cc)/ (6ea/o)/ (6:/0)/ (6./60)/
o/ MPa o/ MPa c./MPa o./MPa
MPa fiifa /() % % % %

0 33.79 51.60 58.53 89.38 65.49 13.87 21.18
30 29.42 49.89 50.25 85.20 58.98 19.43 32.95

0 45 28.67 51.85 48.70 88.08 55.30 19.25 34.81 27.82
60 29.72 57.53 45,71 88.50 51.65 14.94 28.93
90 39.80 57.91 61.00 88.76 68.72 14.57 21.21
0 72.43 53.75 119.57 88.73 134.75 48.96 36.34
30 68.69 53.78 113.88 89.17 127.71 57.01 44.64

10 45 69.16 56.24 108.81 88.48 122.97 52.94 43.05 39.21
60 67.29 55.90 105.41 87.55 120.39 41.83 34.75
90 87.52 63.21 124.66 90.03 138.47 51.60 37.27
0 92.78 52.17 153.58 86.36 177.84 77.10 43.35
30 86.38 50.93 147.87 87.18 169.61 73.94 43.59

20 45 92.34 56.31 140.93 85.93 164.00 73.81 45.00 43.43
60 94.74 58.20 144.52 88.78 162.79 68.54 42.11
90 112.87 62.31 161.38 89.08 181.16 78.06 43.09
0 120.73 53.57 198.49 88.07 225.37 113.55 50.38
30 108.22 50.35 189.70 88.25 214.95 112.36 52.27

30 45 118.28 56.08 181.92 86.26 210.90 95.59 45.32 46.24
60 119.25 57.50 179.97 86.77 207.41 81.40 39.25
90 138.12 60.83 198.24 87.31 227.04 99.83 43.97
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