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Table1 Mesoscopic parameters of the rock PFC model

Minimum radius of Ratio of maximum to Density of the particle/ . . Bond friction
. .. . 4 Friction coefficient o
particles/mm minimum of radius (kg'm™) angle/(°)
0.3 1.5 2950 0.17 40
Parallel bonding . . . Effective modulus of Tangential bond Normal bond
. . Particle stiffness ratio .
stiffness ratio bonding/GPa strength/MPa strength/MPa
1.1 1.1 11 76.6 69.6
160
— Indoor test results
140 F — Numerical simulation test results
£ 120
2
% 100
5
g 40t
20 -
O 1 1 1 1 1 1

1 2 3 4 5 6 7
Axial strain/1073

K2 AR 5 PRC ARSI RS 1L
Fig. 2 Comparison between indoor test!'® and PFC*® numerical simulation
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Table 2 Comparison between indoor test'” and numerical simulation results

Method Deviatoric stress/MPa Elastic modulus/MPa
Indoor test!'%! 144.782 17.147
Numerical simulation 144.670 17.109
Error/% 0.077 0.222
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Fig.4 Total cracks evolution of rock samples under different confining pressures and fissure lengths
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Fig. 5 Tensile cracks evolution of rock samples under different confining pressures and fissure lengths
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Fig. 6 Shear cracks evolution of rock samples under different confining pressures and fissure lengths
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Fig. 7 Cracks number in rock specimens after failure under different confining pressures and fissure lengths
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Table 3 Evolution of contact force chain of rock samples under different confining pressures and fissure lengths

L/mm  Confining pressure/MPa Pre-peak period Peak value Post-peak period

I Compression

Compression
Tension

Compression
Tension

Tension

Compression Compression Compression
Tension Tension Tension
Compression Compression Compression
Tension Tension Tension
Compression Compression Compression
Tension Tension Tension
Compression Compression Compression
Tension Tension Tension
Compression Compression Compression
Tension Tension Tension
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Fig. 8 Final number of failure blocks of rock mass
under different confining pressures
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Fig. 9 Crushing pattern of rock sample block with a fissure length of 2.5 mm under different confining pressures
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Fig. 10  Crushing pattern of rock sample block with a fissure length of 5 mm under different confining pressures
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Fig. 11  Crushing pattern of rock sample block with a fissure length of 10 mm under different confining pressures
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Fig. 12 Crushing pattern of rock sample block with a fissure length of 15 mm under different confining pressures
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Table 4 Indexes of peak point energy of rock samples with different fissure lengths

Dissipated energy
L/mm Confining pressure/MPa Total energy/kJ
Energy/k]J Proportion/%
2.5 288.67 9.54 3.30
5.0 324.79 10.41 3.21
0 10.0 415.48 14.47 3.48
15.0 474.29 21.31 4.49
2.5 248.58 8.24 3.31
5.0 281.97 9.11 3.23
i 10.0 348.54 12.51 3.59
15.0 355.56 12.34 3.47
2.5 172.37 4.89 2.84
5.0 205.55 7.32 3.56
10 10.0 279.90 9.16 3.27
15.0 293.19 10.24 3.49
2.5 153.98 5.86 3.8
5.0 169.91 5.02 2.95
1 10.0 215.02 7.95 3.70
15.0 240.84 10.34 4.29
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Elastic strain energy/kJ

Yy
450 v Y=434.939-14.134L, R=0.973 3
400 ¥=398.172-12.718L, R*=0.999 9
350 Y=315.434-10.323L, R* =0.976 9
300 F ¥=275.192-9.231L,
R=0.962 3
250
200 = 2.5MPa
® 5.0 MPa
4 10.0 MP:
150 F+ 150 Mpa
0 5 10 15
Fissure length/mm
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Fig. 15 Energy storage limit of fissure rock samples
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Fig. 16 Comparison of the peak and post-peak energy metrics
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Study on Failure Mode and Energy Evolution of Fractured Rock Body
under Triaxial Compression

XU Yang', ZHOU Zonghong?, YANG Yuan®’, LIANG Yuangui’, LI Shaobin®

(1. Faculty of Public Safety and Emergency Management, Kunming University of Science and Technology,
Kunming 650093, Yunnan, China;
2. Faculty of Land Resources Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
3. Hegqing Beiya Mining Co., Ltd., Dali 671507, Yunnan, China)

Abstract: To study the crack extension characteristics and energy evolution law of the rock body with
different lengths of single fissure under different confining pressures, the mesoscopic parameters were
calibrated by use of the indoor triaxial compression test, and the numerical simulation test of PFC? particle
flow was carried out. The results show that tensile cracks are generated before shear cracks, and both of them
grow exponentially; the decrease of the fissure length and the increase of the confining pressure restrain the
rapid growth of tensile and shear cracks; when the final failure occurs, the tensile and shear cracks decrease
with the increase of the fissure length. The stress is concentrated at both ends of the crack, and there is stress
concentration around the crack. Under the same confining pressure, the number of failure blocks of the rock
sample decreases with the increment of fissure length. The nature of rock failure is the process of energy
storage, dissipation and release, and the rock energy transformation is divided into four stages during the
loading process. The increase in fissure length weakens the ability of the rock samples to store strain energy,
the total energy decreases, and the confining pressure enhances the ability of the rock samples to store strain
energy. The dissipated energy is greater than the strain energy when the rock sample fails, and the dissipated
energy decreases with the fissure growth.

Keywords: single fissure rock mass; triaxial compression; PFC*® simulation test; crack extension; energy

evolution
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