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ABSTRACT Micro cracks in natural rock mass have a significant impact on the stability of underground engineering
structures. The mechanical properties of cracked rock mass contribute much to the strength of rock mass and the mechanism
of its compression failure. The instability and failure of surrounding rock are often induced by the propagation and
penetration of these internal cracks. In practical engineering, rock mass excavation is a process of dynamic disturbance. The
mechanical properties of rock under cyclic load are significantly different from those under static load. The characteristics
and the developments of micro-cracks are the main factors influencing the rock fatigue failure. From the microscopic point of
view, the particle discrete element method is used to carry out cyclic loading and unloading tests of pre-existing cracked
granite. Firstly, the micro-compositions of granite are determined by image processing techniques, and the micro-mechanical
parameters are calibrated based on the indoor uniaxial compression test results. By compiling particle flow code to track the
type and propagation process of cracks, the stage of the crack developments during the rock failure are also analyzed. The
results show that the orientations of new cracks in fractured rocks with different dip anglesyare similar to those of
prefabricated cracks. According to the tendency of new cracks, the relationship between the cracknitiation angle and the
inclination angle of prefabricated cracks is obtained: the crack initiation angle of shear and fensienscracks decreases and
increases monotonically, respectively when the inclination angle £ < 45° and f > 60°; cyclic\disturbance load increases the
axial deformation of fractured rock mass, and the axial cumulative residual strain<eurve ‘presents an inverse S-shape as
entering the acceleration stage faster with the increase of the upper stress limit. The peak strength of the model specimen
shows a trend of decrease followed by the increase with the increase in the fracturedinclination. The peak strengths are 63 %
to 89 % of those for the laboratory intact rock, reflecting an obvious deterierationsphenomenon of the rock materials. Under
cyclic load, the growths of shear crack and tension cracks show the obvious different characteristics, the number growth rate
of tension cracks is significantly higher than that of shear cracks in the stage'of the unstable crack developments. The results
presented herein may be referable for investigating the deformatien/and\failure mechanisms of rock materials.
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Fig.1 Mineral recognition of granite image: (a) standard test specimen; (b) partial enlarged detail
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Table 1 Micro-scale mechanical parameters of granite

Element Parameters Feldspar Quartz Mica
Minimum particle radius forming grain, Ruin/ mm 1.2 1.2 1.2
Particles forming Maximum to minimum radius ratio, Rmax / Rmin 1.66 1.66 1.66
grains Young’ s modulus, E./ GPa 455 33.0 11.2
Normal to shear stifness ratio, kn/ ks 1.15 1.15 1.15
Linear parallel bond Young’ s modulus, E./ GPa 28.0 226 5.9

model Normal to shear stifness ratio, ka/ ke 1.6 1.6 1.6



Shear bond strength, 7. / MPa 51.0 81.6 153

Friction ratio, u o 0.5 0.8 0.15
Tensile-shear bond strength ratio, oo 7. 1.0 1.0 1.0
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Table 2 Statistics on the distribution of tendencies and inclinations for newly-generated cracks

Tendencies and Shear cracks Tension crack
inclinations for
Tendency grouping  Average inclination Percentage Tendency grouping  Averagerinclination Percentage
pre-existing crack
151-160° 65° 6.3% 61-70° 79 8.0%
90° 2 0°
211-220° 60° 6.3% 251-260° 62° 8.0%
261-270° 62° 11.9% 71-80° 61° 10.5%
90° 2 30°
241-250° 48° 9.5% 144-1508 72° 10.5%
261-270° 54° 17.4% 41-80% 52° 18.5%
90° ~45°
251-260° 45° 15.2% 91-10Q° 64° 11.1%
261-270° 51° 9.5% 81-90° 64° 14.3%
90° 2 60°
251-260° 51° 7.9% 61-70° 69° 10.7%
261-270° 45° 85% 131-140° 88° 11.1%
90° 2 90°
181-190° 43° 6.4% 21-30° 48° 5.6%
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Fig.5 Relationship between 6 and crack angle
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Fig.6 Number of new-generated cracks and the change of axial strain: (a) # =0°; (b) f=30°; (c) f =45°; (d) =60°; (e) f=90°
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