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Microscopic mechanism of loading rate of saturated coal sample mechanics and

damage characteristics
YANG Ke"**, ZHANG Zhainan'?, HUA Xinzhu'?, LIU Wenjie'?, CHI Xiaolou?, LYU Xin'?, WANG Yu'?

(1. State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mines, Anhui University of Science and Technology, Huain-
an 232001, China; 2. Institute of Energy, Hefei Comprehensive National Science Center, Hefei 230031, China; 3. Key Laboratory of Mining Coal Safety and
Efficiently Constructed by Anhui Province and Ministry of Education, Anhui University of Science and Technology, Huainan 232001, China)
Abstract: In order to explore whether the advance rate of the working face will have a secondary impact on the safe and efficient produc-
tion of coal mine after coal seam water injection prevents impact pressure and relieves the danger, uniaxial compression tests of dry and
saturated coal samples under different loading rates were carried out, and the loading rate effects of peak intensity, acoustic emission en-
ergy, R4 value and AF value, fracture morphology, fractal dimension and impact tendency characteristics of saturated coal samples are ex-

plored, and the microscopic mechanism of loading rate of saturated coal sample damage failure characteristics was revealed. The results
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show that with the increase of loading rate, the peak intensity of dry and saturated coal samples first decreases and then increases, and the
loading rate of 0.0lmm/s is the critical loading rate leading to the intensity transition. The macroscopic failure mode of saturated coal
samples under different loading rates is a tensile-shear composite failure dominated by shear failure, and the maximum acoustic emission
energy value first decreases and then increases, and reaches the minimum value at the critical loading rate. The proportion of microscopic
shear fractures in saturated coal samples first decreases and then increases, and reaches a minimum value at the critical loading rate. The
fracture morphology of saturated coal samples transitions from long trough-like fractures to completely irregular fractures, and the critical
loading rate was the turning point at which a large number of irregular fractures begin to appear. With the increase of loading rate, the pro-
portion of small-sized coal chips crushed by saturated coal samples decreased, and the proportion of large-sized coal chips increased. The
fractal dimension of dry and saturated coal samples gradually decreased, the fitting curve satisfies the power function law, and the fractal
dimension of saturated coal samples increases compared with that of dry coal samples. With the increase of loading rate, the K of dry and
saturated coal samples decreased first and then increased, reaching a minimum at the critical loading rate. The inhibition effect of coal
seam water injection on the impact pressure of the working face is higher than the inducing effect of the loading rate on the working face.
Before the critical loading rate, with the increase of the loading rate, the pore water pressure inside the microfractures of the saturated coal
sample increased less, the contribution stiffness was small, and the competitiveness was weak, while the crack growth rate increased faster
and the competitiveness was stronger. After that, the pore water pressure increased greatly, the contribution stiffness increased, and the
competitiveness was strong, while the crack growth rate increased relatively slowly and the competitiveness was weak. Under the competi-
tion of two factors, pore water pressure and crack growth rate, the mechanical and damage characteristics of saturated coal samples with
different loading rates showed nonlinear characteristics.

Key words: rock mechanics; loading rate; saturated coal sample; acoustic emission energy; fracture morphology; fractal dimension;

impact tendency; microscopic mechanisms
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Table 1 Basic physical parameters of test coal samples

BRRRES NG/ (mmes ™) SRS TR /g AR g Sk T A BR/mm 5 /mm B/ (grom ) P/ (km-s™) WE(E38E/MPa

D-1 219.3 — — 0 5110 101.62 1.053 1.324 10.610
0.001 D-2 220.7 — — 0 5024 101.30 1.070 1.330 9.550

D-3 215.6 — — 0 4944 98.40 1.077 1.375 11.390

D-4 2129 — — 0 4836 97.24 1.075 1.342 10.730

0.01 D-5 223.1 — — 0 5186 101.34 1.082 1.328 8.100

) D-6 229.0 — — 0 5042 102.58 1.089 1.312 9.330
L D-7 225.6 — — 0 5022 100.28 1.105 1.354 9.730
0.1 D-8 2204 — — 0 50.88  99.12 1.090 1316 10.960

D-9 2244 — — 0 5172 100.10 1.099 1312 7.880

D-10 228.7 — — 0 51.10  100.82 1.109 1.348 13.610

1 D-11 219.2 — — 0 4940  100.44 1.074 1.321 13.150

D-12 2202 — — 0 5130 102.60 1.047 1.319 14.040

D-13 218.6 2655 0215 5038 102.82 1.039 1316 6.140

0.001 D-14 217.0 2643 0218 02137  49.64 10112 1.052 1.302 6.060

D-15 230.6 2677 0.208 5024 102.54 1.097 1.318 5.660

D-16 218.9 2653 0.161 5262 103.66 1.031 1.294 3.890

0.01 D-17 2255 2708 0212 01913 5042  100.18 1.104 1322 4.240

i D-18 2212 2599 0201 5156 101.92 1.062 1316 3.140
D-19 215.2 2645 0.229 51.14 10024 1.054 1.332 4770

0.1 D-20 2209 269.6 0220 02230 4840  101.36 1.071 1.318 5.630

D-21 204.1 2387 0.220 4746  98.42 1.020 1.344 5.280

D-22 2264 2736 0201 50.74  103.70 1.066 1.345 7.110

1 D-23 2252 2705 0175 01820 4928  101.40 1.092 1.356 6.170

D-24 214.1 261.1  0.170 50.16  100.26 1.049 1312 6.690
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