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Energy evolution and infrared radiation characteristics of different bedded coal

under uniaxial compression

ZHANG Guoningl’z, ZHAO Yixin"% SUN Yuandongl’z, GONG Zhixin'?

(1. Beijing Key Laboratory for Precise Mining of Intergrown Energy and Resources, China University of Mining and Technology-Beijing, Beijing 100083;
2.School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)
Abstract: In order to study the energy evolution and infrared radiation response characteristics during the deformation and failure process
of coal with different bedding angles, uniaxial compression tests with four different bedding angles (0°, 30°, 60° and 90°) were carried out
on a strong burst liability coal samples from 3-1 coal seam of Hongqinghe coal mine. The infrared temperature field characteristics of the
coal samples during deformation and damage were monitored using an infrared thermal imaging camera. The test results show that as the
bedding angle increases the compressive strength and strain energy of the sample show a “V” shaped trend, reaching the minimum value at
60°. The bedding has a significant impact on the elastic strain U° in the pre-peak stage and dissipation energy U® in the post-peak stage;
The coal samples showed an overall warming trend with different bedding angles, with an average infrared temperature precursor point of
0.840,.The bedding structure seriously affects the infrared radiation temperature and the difference of failure patterns lead to different tem-
perature ranges. The 0° and 30° specimens are dominated by shear-tension composite failure, with a high temperature rise of 1.12 and 1.30 °C,
respectively, while the 60° specimen is dominated by single shear failure, with a low temperature rise of 0.46 °C. The failure of 90° speci-
men is tensile failure, and the temperature rise is the lowest 0.4 °C. The strain energy was positively correlated with the mean IR radiation
temperature, and the correlation degree was ranked as U<U'<U. The research results can provide reference for early warning of coal dy-
namic disasters.

Key words: uniaxial compression; bedding effect; energy evolution; infrared radiation; precursor characteristics
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A A TR IR S B o ek, IR 2
AbFE AR RER RGN, FAATIFES 1 T £,
U=U+U* (1)
A U AL B R A BN AR R U° R AR E;
U FEHLAE
TESR AR T, SCH R J5 s, Toesin ik
S NARRE A AR RE ST A

"1
U= jaldsl = le 3 (1) + T1401) (E1) + €1601) (2)

(3)

Ue (< O’%
=—01& =
271 T oF,

H, 010, €10 739SI AR BHEK L i AR Xt
IR TT B3 0yenys €10y HAT 141 AR BN ) B b A%
E, A . ST A, A SRR AR R E T
PR AR T, PR 3t 17 25 R T 7R

2
(o
Ut =2 (4)

N T AR IR R T RE HUCRE A A2 A B, X AR
ARRERT A TR %, 1R BIBERAEHUR G, Fn Tl

due
Gy= — 5
“= g (5)

2 HBRERSH

2.1 REXEENFRERRME

S MERFE =S BOILER 1, FFIM AR
PR R S AR N -1 AR -2, iRl 3 Bk, R
A, BRI R o0 W6 He s B B SRR BE
SRIEPERT B | WS IR B o Bt il i) I8 B T,
TURE T Se Rt AT [ Be, R N A A L B el 2
P A, RS R S B BT o BEA SR B



IR SRS R a2 B R S 2SS

2024 455 12 #8

BeJa, RS i 2 L e I . 2SR B R
0°. 30° K 90°, TaAE IR BRIV, 1 I 10 1] 4 A R,
7 7 B, S B B B e PR, T 60°1aUkE
FT TN 28 A s JRy i A B VIR, 7 A
IR EL, (EE WL L SREOR B0, NI A T —E e
JEE (RS ) e, AEIRARTS HAT —E IR ERE T, B
B —2L BUH, AR HEROR.

®1 TEEERAEAENZSHNESR
Table 1 Measurement results of mechanical parameters of

samples with different bedding angles

#p/ I (H 3R o,/ N~ R R/
g 5 s
w5 (g+em™) MPa WEfELN e, GPa
0°-1 1.27 34.66 0.0219 1.75
0°-2 1.29 28.20 0.0205 1.72
0°-3 1.29 33.51 0.0237 1.88
30°-1 1.28 33.33 0.0233 1.60
30°-2 1.28 31.01 0.024 1 1.58
30°-3 1.28 26.03 0.0180 1.67
60°-1 1.24 14.16 0.009 6 1.79
60°—2 1.24 14.32 0.0126 1.72
60°-3 1.24 13.41 0.009 6 1.94
90°-1 1.29 20.17 0.0140 1.85
90°-2 1.28 13.95 0.0134 1.31
90°-3 1.27 17.17 0.0118 1.74
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Fig.3 Stress-strain curves of specimen with different

bedding angles

AN[R) 2 PHEA BERRERE B A LR N ] 4 TR . 0°,
30°, 60° 5 90°IK A 1Y - 4 B Bl BT T 5 BE 3 Sl
32.12, 30.12, 13.96 } 17.10 MPa, K% )ZHEEH)
HEm, B B S SN S A v AR R
A JZIAR B R 0°RT, SF- X HUh b He o B o5 Kol

32.12 MPa, )2 A FEHG N 2 60°HT, -3 BLihibi ik
5 BE AR 13.96 MPa, FEIRIAE] 56.5% i R
7T, Bl 2 B A R I, im0y 1) SR 2 R
T P 0 AR AT, B 0°F1 3011
SK—BYREIR, T3] 60° BY VIR, e 4475 2 90°H
(SR PLRE IR, Hoa R 5 2 B A B I ¢, R
TR ) A ) S

40

—— RIMHE

35 T --e-- A

(I) 3I0 6I0 9I0
JZHAE/)
B4 RyUE e R AR A
Fig.4 Variations of uniaxial compressive strength with

different bedding angles
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Fig.5 Variation curves of stress and strain energy with different bedding specimens
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Table 2 Strain energy at peak stress and failure stage with different bedding angles
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Fig.6 Variation of strain energy with different bedding

specimens
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5 5 5 % v 5 3 3 Ue v
(Jeem?) Qeem®) (J-cm?) 7/% 7/% (Jeem?® Jecem®) (J-cm>) 7/% 7/%
0°—1 0.3305 0.3164 0.0143 95.72 4.28 0.3311 0.0022 0.3288 0.67 99.33
0°-2 0.263 8 0.209 4 0.0544 79.37 20.63 0.2642 0.001 6 0.262 6 0.60 99.40
0°-3 0.2862 0.2807 0.0055 98.09 1.91 0.2869 0.002 4 0.284 6 0.83 99.17
30°-1 0.3511 0.336 6 0.0145 95.86 4.14 0.3515 0.000 6 0.3509 0.18 99.82
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Fig.7 Evolution of the average infrared radiation temperature temperature difference with different bedding angle
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Fig.8 Infrared thermogram processing method
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Fig.9 Evolution process of infrared differential thermal image with different bedding angles
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Table 4 Relationships between correlation coefficient and

degree of correlation™”!
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Table 5 Calculation results on correlation coefficient
between strain energy and average infrared

radiation temperature
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