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Fig. 1 Geometric model for rock sample having cross joint
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Fig.2 Model for direct shear tests
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Fig. 3 Stress-strain curve of uniaxial compression tests
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Tab. 1 Sample mesoscopic parameters
N W-Kn/ Kn/ Ks/ pb-Kn/ pb-Ks/ pb-ns/ pb-ss/ p/ BE4E
z -1 -1 -1 -1 -1 LB p -3 *
(Nem') (Nem') (Nem') (N:m') (N:m') Pa Pa (kg -m?) H¥S
e LIx10™  L1x10™  1.1x10"  4.8x10™  4.8x10"  1.12x10*  1.12x10® 0.14 2 650 1.35
BEL] 1.1x10"°  1.1x10" 0 0 0 0 0.14 2 650 0
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Fig. 4 Shear stresses-shear displacement curves
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Tab. 2 Summary of shear strength

A RT3 F R 9 B3/ MPa A R IR 93 T 193 D038 5/ MPa
LT LET
6 MPa 9 MPa 12 MPa 15 MPa 6 MPa 9 MPa 12 MPa 15 MPa
30 9.90 12.75 14. 29 17. 94 60 15.52 18. 67 21.52 26. 11
40 12. 62 16. 09 18.13 22.98 70 16.99 21.77 24.27 28. 84
50 14. 02 17. 64 19. 89 24.47 80 18.58 21.98 24.74 30.53
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Fig. 5 Relationship curves of shear strength vs influencing factor
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Tab. 3  Change rates of shear strength

AR 1R 0T BY Y15 BEAE AR/ % AR 1 3 By Y3 BEAS AR/ %
LIESS: Ve LIESS: Ve
6 MPa 9 MPa 12 MPa 15 MPa 6 MPa 9 MPa 12 MPa 15 MPa
30 -33.65 -26. 87 -29.93 -30.51 60 -29.02 -28.00 -19.80 -15.81
40 -22.28 -15.99 -18.58 -14.35 70 -11.24 -3.83 -9.21 -6.28
50 -25.37 -18.29 -15.87 -16.12 80 -11.43 -11.29 -12.67 -9.69
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Fig. 7 Laws of crack propagation and compression induced tensile effect
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Fig. 8 Crack propagation of specimens under different shear angles (o, =9 MPa)
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Particle flow simulation of staggered joint rock by direct shear tests

HUAN Jiuyang, ZHANG Zhiqiang, LI Ning
(Institute of Geotechnical Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Based on the particle flow code (PFC), a geometric model for simulating the failure mechanism of the
rock specimen with staggered joints was developed in the study, and the macro mechanical parameters of the
specimens were calibrated. On the basis of the servo module, the variation in the direct shear strength of the
specimens under the conditions of different normal stresses was simulated. The monitoring module for the crack
propagation was prepared by fish language inserted in the PFC. The crack propagation law and the failure mode of
the specimens with staggered joints were described during the direct shearing process from microscopic point of
view, in addition, a quantitative analysis of the failure law of the specimens was carried out by tracking the
numbers of the microcracks. The model testing results show that the shear stress-shear displacement curves are
mainly divided into four stages, and along with the increase of the normal stress and the shear angle, the shear
strength increases linearly. The cracks of the specimens mainly occur at the joints, which appear as break of
intermediate blocks and upper and lower joint protrusions. And the shear angle has an important influence on the
failure scale of the specimens. Compared with the single joint specimens, the shear strength and the failure scale of
the specimens having the staggered joints decrease greatly but the failure law is different. The difference of the joint
friction property has been further considered. From the model tests it is found that the stronger the friction in the
joints, the greater the shear strength and the failure scale of the specimens. The simulation testing results given by

this paper can provide a reference for the study of mechanical properties of the rock mass having complex joints.

Key words: staggered joint; shear strength; crack propagation; direct shear test; particle flow code (PFC)





