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Energy evolution and damage characteristics of coal with different

bursting liability under uniaxial compression
YANG Lei'*? ,WANG Xiaoqing"** LI Jianzhong"*”
(1.Coal Mining Research Institute Co. , Lid., CCTEG, Beijing 100013, China;2.Coal Mining and Designing Branch ,China
Coal Research Institute, Beijing 100013, China;3.State Key Laboratory of Coal Mining and Clean Utilization , Beijing 100013, China)
Abstract : In order to study the energy evolution law and damage characteristics of coal with different bursting liability under uniaxial com-
pression based on the laboratory bursting liability and other mechanical parameter tests, the mechanical parameters of the PFC models are
calibrated so that the PFC models truly reflect the macro—mechanical properties of coal samples. The energy evolution law and damage
characteristics of coal with different bursting tendency under uniaxial compression tests were simulated and analyzed. The results show that
the energy evolution laws of different bursting liability coals are similar. Before the peak stress, the boundary work was mainly converted
into strain energy, and the proportions of dissipation energy, sliding energy, and kinetic energy were very small. After the peak stress, the
strain energy was quickly released. The dissipative energy, sliding energy and kinetic energy began to increase rapidly. With the increase
of bursting tendency, the rate of strain energy release and kinetic energy significantly increases. Two indexes of strain energy release rate
and kinetic energy growth rate are proposed.lt was found that the strain energy release ratio and kinetic energy growth ratio have a good

correlation with the uniaxial compressive strength, bursting energy index and elastic energy index. This index can be used to assist in eval-
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uating the coal sample bursting tendency. The evolution of micro—cracks in coal samples with different bursting liability before peak

strength is similar,and the micro—cracks grow rapidly after the peak intensity point, and the growth rate is positively correlated with the

bursting liability. Based on the method of determining crack initiation and volume strain curve, it is concluded that the cracking initiation

stress levels of coal are mainly distributed between 44.18% and 51.67% ,and the damage stress level is between 89.04% and 93.86%.The

initiation stress level and damage stress levelof the coal samples with strong bursting liability are higher than those of the weak and non-

bursting liability coal samples. The initiation stress level and damage stress level reflects the ability of strong bursting liability coal samples

to accumulate high elastic strain energy and produce brittle impact failure.

Key words: coal ; bursting liability ;energy evolution ; damage ; particle flow simulation
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Table 1 Bursting liability and mechanical test results of coal samples
I whb P 4 D EAR (T EE) TR (P ME)
B HUE SR EE/ MPa hiliBe e % MEREEAEEL IR WIARSE/ms ZRGIPHIGER HMEBIEL/GPa bR
A 33.23 5.15 7.22 52 Gt 2.51 0.26
11.93 1.97 4.14 359 5 1.92 0.24
C 5.24 1.33 1.89 1130 ¥ 0.97 0.24
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Fig.2 PFC® numerical calculation model and calculation results
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Table 2 Micro—mechanical parameters and simulation result
Y FIURL S 5L T4
g e ot He FATRES RRRE X B RS ke M WA 3R AR Wb H
Ht/GPa BELE Fitk/GPa MIEE LE SHEE/MPa SRIE/MPa HA/(°) FE/MPa  t/GPa :
A 1.73 2 1.73 2 20.7+0.5 41.4+0.5 0 33.37 2.53 0.26
B 1.37 2 1.37 2 9.2+0.5 18.4+0.5 20 11.86 1.87 0.24
C 0.80 2 0.80 2 4.0+0.2 8.0+£0.2 40 5.34 1.00 0.21
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Fig.3 Relationships between energy and stress—strain of different bursting liability coals
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Table 3 Results of bursting liability test and numerical simulation calculation
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Fig.4 Correlation between strain energy release rate,kinetic energy growth rate and indexes of bursting liability
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Fig.5 Sketch of damage stages division of coal and rock
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Fig.6  Relationships between microcrack propagation and stress—strain of different bursting liability coals
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