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Abstract: To carry out deep coal mining safely and efficiently, the dynamic mechanical characteristics and frac-
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ture mechanism of coal rock in deep earth were investigated under the °three high and one disturbance’ environ-
ment. A dynamic impact test of coal rock was carried out using the self-improved ¢ 50 mm high temperature synchro-
nous split Hopkinson pressure bar( SHPB) test equipment at temperatures between 25 ~200°C. A ZWT viscoelastic
constitutive model was also improved to establish a dynamic constitutive equation considering the temperature effect.
The influence of high temperature on crack development law and the dynamic strength of coal rock was investigated
based on the coupling of the finite difference and discrete element methods. The results show four stages to the dy-
namic stress-strain curve of coal rock under high-temperature impact: compaction, elastic, crack propagation,and sof-
tening failure. The dynamic compressive strength and dynamic elastic modulus of coal rock significantly decrease as
temperature increases. In contrast, the failure strain increases,and the absorbed energy varies in a W-shaped pattern.
The fractal dimension increases linearly as the particle size decreases. The degree and complexity of the fragmentation
mechanism increase as the compressive strength decreases. Although the improved dynamic constitutive model based
on ZWT could adequately express the stress-strain relationship following a high-temperature impact, it does not apply
to the compaction stage. According to the simulation and test results, water and adsorbed gas actively escape in the
coal rock at 150°C. The coal matrix is also heated and expanded, which induces cracks. There are apparent meso-
scopic cracks initially and gradually developed through cracks, mainly shear ones. The crack development of coal rock

under dynamic compression at 100°C develops through the impact surface,and the high temperature deteriorates the

strength of coal rock.
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Fig. 1 Schematic diagram of coal resources exploitation
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Fig. 2 Schematic diagram of coal sample (unit;mm)
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Fig. 4 Verification of coal rock stress uniformity
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Fig. 7 Variation of failure strain and elastic modulus with temperature
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Fig. 8 Variation of absorption energy with temperature

4 H-ABEERATEERIAUBIFF
:u\&ﬁﬂ:fﬁ‘fﬁ
9 SRR RIS AN T s st bk S Y
T, 7E 100°C ZH/i, A W TF A o B0 f 223
WL, Ui B K ZE BT 3222 5 BUROW AL B 9 &
B ARSI B, LRI, Z IR
/mr“ FIBETIN, 2 0 18 T RN 7K SF 5 ) 359 30 7 00 B
L, 7E 200°C B H B0 95 04, I b vy, 4k
WL AE 2%, FRBTE R, 7 iR SEHT{FFEE)%
(R B AR T 25 2 2 5 L HJOPR B - HetR i - R i IR
AR 1 R, 100°C Z BB PR AR5 2%, BB IR, 2

JE RIS R
TG-S A VR B o B AR
R FFRHEST (0.5 .1,10.,20 .30 mm) X ik J& 1 AR
i, A (S
2
A s d; g A T) 2 b o B o A B A S 35 R
S mm e SR AR BR TR SR

(5)

25°C 50°C 100 C 150C 200°C

B9 Ji-Hla e A BRI

Fig. 9 Failure modes of coal under

e ERE

mechanical-thermo coupling action

W 10 Jirzi , BE A il B A T, 1 2R AR 2
ol I, 240/ INORE o5 LRI, BRERE AR BE R o P HA AR A
HEAPURRE R BIE LR, PR
JRES g , P BPRIARBOR , B X LARE 2R

ST b ARG 38 , R 4R ROE 3 H ) -
B AR A BN A AR SR
X (6) .



CRIECIE TS W, B T RAEE -G T S R L5 13
lg(M,/M) = (3 -D)1gR (6) X8 A £ R A B, m F0F 0

KD WS I ARG M, R EHAR/NT R
PIREH ) 3B s M o S B e
30 1
28 |
26 |
24 |
£
£22t
20t

:%18-
B 16
14 +
12 +
o, L L
25 50 75 100 125 150 175 200
M/ C

B 10 S fas B et B ) A A A A

Fig. 10 Variation of average particle size with temperature

W 11 7R B IR R 380, 20 08 4R %50 I
LRAERE N R B, 53T A B, AR A
0 RIREGEC  2%. 7E 100°C Z R, /TR 4R RN
1.65 ~ 1. 89, 7F 150 ~200°C , 4> L 4E ¥y 2. 04 ~
2. 11 A3 TR AR BA S 035, 156 BH AT H AL ot
T 4 el IR S R B I 2 e B O B A%, AR
B, AN, 53 4ER S Sh AP R B R B
FHOC AT, BIHTHE 38 B 8 5, 43 T2 4080/ )N , il TR AR
KT H—,

26

----- MEEL
24k yj0.003x+1.628
R’=0.923
22 |
s || . ¢
§ 200 [ 1 T
s N R
1.8r7T  J-
1.6 |
1.4~

25 50 75 100 125 150 175 200
REE/C
11 G ARt i B2 9 22 R

Fig. 11 Fractal dimension changes with temperature
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Fig. 17 Numerical model based on finite

difference-discrete element method
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Fig. 18 Experimental and numerical simulation

stress waveform verification
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Fig. 19 Law of crack propagation in coal impingement at 100°C
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