£ 5155 68 CA =3 N Vol.51 No.6

2023 4F 6 H Coal Science and Technology Jun. 2023

AEFT, PNETE, k58, 45, R RV AR I A i I ST 1], B B4R, 2023, 51(6): 81-90.
LI Hewan, SUN Siyang, WANG Laigui, ef al. Study on the damage law of coal rock affected by different alternat-
ing periods of cold and heat[J]. Coal Science and Technology, 2023, 51(6): 81-90.

B BRI 32

NENS RIS B EAR I S I in A E R

Efen  hEE,ERT 0 OB, KTE

(LT TREARKEE: I 5 TR, 10T BH 123000)

i ERAAYAEENERRGERRE, BN BIRN IR A E RIS R, A
B ER B ERAERTHERG, RAFHEMERAERWEMBAGHIR. AT AR R ARIH
JE) HA SV 28 A5 09 % e HUAE 3 R AT T B X RO BE R R R T A 100 mm> 100 mmx 100 mm 49 3E 77
PR, R EKBARGF (15 C) F TR (20 °C) WAL by¥esehe i F B AT AT 577 ik, M 2 X 38T
JE WEAE &) F AR A A R T Y T, B B T N LT 45 A R oA 2K ST B B A IR 6 1 R IUAE VAR B
B, FFREREN: OLRIBER THRELARHKY K, ARERGLRT EE. FEEY
R A PR R B e VRS H K, QMAFE £ BB E RN T h SRR B RGBSR "E, B
VAR IR 5% B R A K S B B0 A 2R 2 HT R . DA A ABAQUS 214+ 3 S5 WEAF 25 M 445 ) AL AL,
B EERERBEERDEER G WAREARE MG AR T ], F O A ISR R A2
PG EER &,

R M DI A R h PR

FE 4K S TD315 X EKFRERD: A X EHS:0253-2336(2023)06—0081-10

Study on the damage law of coal rock affected by different

alternating periods of cold and heat

LI Hewan, SUN Siyang, WANG Laigui, LIU Jian, ZHANG Ziheng
(Department of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: Temperature is an important factor affecting the physical properties of coal and rock, and as a solid medium, coal and rock have
the properties of thermal expansion and contraction. The alternation of cold and heat will cause irreversible damage to the coal rock due to
deformation, which will eventually lead to the damage and destruction of the original fracture structure of the coal rock. In order to study
the damage law of coal and rock affected by different alternating cycles of cold and heat, the long-flame coal in Fuxin area of Liaoning
Province was selected to make a cube specimen with a size of 100 mm>100 mmx100 mm. The mechanical parameters and surface dimen-
sions of the coal samples before and after the experiment were measured by using the research method of reciprocating the application of
temperature loads in a low temperature storage box(—15 °C) and room temperature(20 °C). Furthermore, the expansion law and damage
mechanism of the coal sample fracture structure with the alternating cycle of cooling and heating are revealed. The results show (D The
coal sample cracks expand and expand under the alternating action of cold and heat, and the expansion amount and expansion rate of the
cracks on the surface of the coal sample gradually increase with the cycle of the alternating cycle of cold and heat. (2) The mechanical
properties of coal samples are weakened under the action of multi-cycle temperature loads, the damage is serious, and the compressive
strength of coal samples gradually decreases with the cycle of alternating cycles of cold and heat. 3 The damage mechanics model of coal
sample structure is established by ABAQUS software, and the simulation results are in good agreement with the experimental results. The
overall structural damage degree of the coal sample is aggravated, indicating that the alternating action of cold and heat is an important
factor for the structural damage of the coal sample.
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Table 1 Basic parameters of coal samples
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Table 2 Coal sample labeling
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AR R M s Y AR R d %5
1 TOC151 56 TOC1556
6 TOC156 61 TOC1561
11 TOC1511 66 TOC1566
16 TOC1516 71 TOC1571
21 TOC1521 76 TOC1576
26 TOC1526 81 TOC1581
31 TOC1531 86 TOC1586
36 TOC1536 91 TOC1591
41 TOC1541 96 TOC1596
46 TOC1546 101 TOC15101
51 TOC1551 106 TOC15106
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Fig.1 Experimental process
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Fig.2 Schematic diagram of crack propagation on the surface of coal samples before and after the experiment
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Table 3 The amount of crack propagation in coal samples before and after the experiment um
ENGEATRE i AR EARE S5 d,
BFEGS ¥ IREAd
A B C ¥ A B C T

TOC151 R
TOC156 72.34 75.86 80.43 76.21 234.51 240.38 249.81 241.57 255.02
TOC1511 223.25 207.85 212.49 214.53 422.24 419.52 435.68 425.81 211.28
TOCI1516 243.23 229.94 231.75 234.97 452.61 435.82 429.41 438.95 203.98
TOC1521 312.25 304.62 329.52 315.46 504.63 499.24 513.75 505.87 190.41
TOC1526 303.28 325.22 308.47 312.32 502.60 493.17 506.58 500.79 188.47
TOC1531 301.25 317.23 319.83 412.77 498.27 500.42 475.42 491.37 178.60
TOC1536 298.18 304.25 291.62 298.01 457.94 463.78 468.21 463.31 165.30
TOC1541 255.49 261.17 231.97 249.54 406.78 410.12 396.78 404.56 155.02
TOC1546 311.51 312.40 410.59 344.83 452.14 471.49 502.25 475.29 130.46
TOC1551 243.76 241.12 224.55 236.48 365.26 357.42 364.45 362.38 125.90
TOC1556 188.27 190.59 190.62 189.82 304.34 310.53 300.96 305.28 115.46
TOC1561 173.21 175.34 193.86 180.80 286.91 283.71 279.77 283.46 102.66
TOC1566 159.65 165.45 173.85 166.32 260.00 250.35 259.43 256.59 90.24
TOC1571 206.54 187.94 226.47 206.98 284.03 281.40 302.46 289.30 82.32
TOC1576 79.68 98.15 85.22 87.68 145.31 163.90 150.97 153.39 65.71
TOC1581 84.37 82.95 100.43 89.25 137.28 135.86 153.34 142.16 5291
TOC1586 190.24 82.76 89.58 120.86 228.82 121.34 128.16 159.44 38.58
TOC1591 187.17 132.92 116.28 145.46 217.07 162.82 146.18 175.36 29.90
TOC1596 83.48 85.13 76.23 81.61 105.47 101.12 95.42 100.67 19.06
TOC15101 271.22 268.27 289.49 276.33 286.84 283.89 305.11 291.95 15.62
TOC15106 509.94 497.47 495.33 500.91 520.93 508.46 506.32 511.90 10.99
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Table 4 Fractal dimension of coal samples before and after
the experiment was calculated by the PCM
measurement method
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TOC156 2.115 2.343 0.228
TOC1511 2.123 2.326 0.203
TOC1516 2.141 2.325 0.184
TOC1521 2.137 2.301 0.164
TOC1526 2.133 2.281 0.148
TOC1531 2.174 2.310 0.136
TOC1536 2.116 2.236 0.120
TOC1541 2.146 2254 0.108
TOC1546 2.121 2217 0.096
TOC1551 2.152 2.240 0.088
TOC1556 2.130 2.206 0.076
TOC1561 2.129 2.189 0.060
TOC1566 2.178 2.226 0.048
TOC1571 2.155 2.199 0.044
TOC1576 2.112 2.144 0.032
TOC1581 2.163 2.193 0.030
TOC1586 2.139 2.167 0.028
TOC1591 2.159 2.175 0.016
TOC1596 2.121 2.137 0.016
TOC15101 2.149 2.161 0.012
TOC15106 2.171 2.179 0.008
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Table 5 Coal sample wave velocity attenuation

rate after experiment

RS n/107 /107 n/107
TOC151 s

TOC156 35.88 98.30 601.46
TOC1511 31.07 91.26 582.26
TOC1516 30.65 85.17 562.78
TOC1521 28.51 80.42 541.72
TOC1526 29.26 75.28 511.25
TOC1531 27.66 67.22 486.02
TOC1536 26.13 61.05 455.17
TOC1541 25.24 56.26 412.47
TOC1546 24.02 51.95 386.67
TOC1551 22.24 47.18 351.21
TOC1556 20.17 42,51 321.49
TOC1561 19.46 39.23 335.73
TOC1566 18.33 34.96 296.46
TOC1571 25.54 29.98 288.24
TOC1576 21.98 28.41 259.83
TOC1581 17.41 24.22 223.56
TOC1586 15.97 22.94 199.48
TOC1591 12.03 19.46 176.89
TOC1596 11.52 17.41 152.43
TOC15101 9.15 14.17 133.27
TOC15106 8.24 13.16 125.31
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Fig.5 Coal sample wave velocity decay rate relationship curve
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Fig.8 Schematic diagram of equivalent stress distribution at coal sample fractures
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