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Study on effects of unloading rate on macro-meso failure mechanism of
brittle rock
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Abstract Loading axial compression and unloading confining pressure tests and simulations of particle flow
under different unloading rates have been performed and effects of unloading rate on unloading failure process of
brittle rock have been analyzed by multi-perspective macro-meso methods. The results show that specimens show
shear failure in the macroscopic but show connective failure plane caused by tensile cracks propagation in the
microscopic. The phenomenon of bond energy and strain energy simultaneously show the characteristic of
negative growth which could be known as failure precursor of brittle rock. There are several connective failure
planes containing discontinuous joints obvious secondary shear planes and larger distribution area of tensile
cracks under high unloading rates. The growing rate of tensile cracks between peak point and inflection point of
axial stress grows as unloading rate increases there are higher shear cracks under low unloading rate. Growing rate
of acoustic emission count rate before failure count rate value around failure and count rate range after failure
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depend on unloading rate. An increase of unloading rate could cause bond energy strain energy and friction energy
toincrease but Kinetic energy to decrease.

Key words rock mechanics particle flow microscopic energy unloading rate loading axial compression and
unloading confining pressure acoustic emission failure precursor
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Table 1 Results of conventional triaxial compression tests
/MPa
3 EIGPa v c/MPa o/(S
10 MPa 20 MPa 30 MPa 40 MPa
27.17 0.20 28.74 21.84 110 133 149 169
27.39 0.22 28.25 22.02 109 132 150 169
10 20 30 40MPa
PFC [1e] 2
3.1 -
2 10 MPa
2
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Table 2 Micro-parameters of contact between particles
/GPa /GPa IMPa /MPa /MPa IMPa
23 2.63 25 2.73 0.4 1 60 16 70 16
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Table 3 Simulation results under different unloading rates
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Table 4 Microscopic energy of samples under different
unloading rates(peak point)

/3-m 3 /

3 1%
02mm/s 0.4mm/s 0.6mm/s 0.8mm/is G-M°)

1406.300 0 996.580 0 893.820 0 909.760 0  496.540 0 35.31
793.550 0 661.480 0 603.200 0 576.7200 216.830 0 27.32
140.5700 88.2700 63.2500 45.8400  94.7300 67.39

0.1456 0.1947 0.142400 0.2450 0.099 4 68.30
861.7700 707.740 0 713.680 0 784.2900  77.4800 8.99

5 ( )
Table 5 Microscopic energy of samples under different
unloading rates(failure point)

13-m 3 /

3
02mmis  04mm/s 0.6mm/s 0.8mmis (I-m )

1%

1493.600 0 1 040.200 0 890.670 816.2200 677.380 0 45.35
800.1700 677.1800 625.440600.8900 199.2800 24.90
176.0000 118.6900 105.150 96.4150  79.5850 45.22

0.2924 0.1778  0.297 0.3379 0.0455 15.55
859.6300 669.2700 602.780573.7400 285.890 0 33.25
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