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Experimental study on acoustic emission and charge signals during coal failure
process at different loading rates
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Dynamics and Control, Chongqing University, Chongqing 400030, China; 3. School of Physical, Liaoning University, Shenyang, Liaoning 110136, China)

Abstract: This study aims to establish a criterion of acoustic emission (AE) and charge signal for different failure forms of coal at
various loading rates. Physical experiments were conducted on coal from a work-face of Wulong mine, and the AE and charge signals
were monitored during the failure process of coal at different loading rates. Then we thoroughly investigated the relationships among
AE-charge signals and mechanical properties, cracking, energy release at various loading rates. The results showed that with higher
rates and earlier stress adjustment, uniaxial compressive strength improved, the release of accumulated deformation energy
aggravated, failure modes changed from static load-induced instability to similarity-dynamic-load induced instability, more dynamic
characteristics were present, and the risk of compressible rock burst of coal increased. At different loading rates, the AE-charge signal
variations were consistent with stress mutation, which were further analysed quantitatively. Hence, based on the obtained AE-charge
signals, we proposed a criterion for different coal failure modes. In different mines and work-faces, we could forecast or make an
early warning to the risk of compressible rock-burst induced by mining, according to the monitored AE-charge signals in combination
with variations of the mining pressure field.

Keywords: loading rates; failure forms of coal; energy release; AE-Charge composite criterion; rock-burst of coal compressible type
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Table 4 Quantitative data of coal samples

A MU R MDA BRAR-GRAREE RTINS R AT R N R Y JE L L B B R A

KF - BBREM BTBRE M W MM, BRER A SRR A WIERE R, B LC iR LpC IREE ng #in

{187 7.03 1.70 4.14 2067 54.66 0.38 110193 295713 037 0.37

ik 9.08 0.95 9.56 28.64 5.73 5.00 135524 168117 08I 3.32

wik 1153 0.78 14.78 62.86 10.72 5.86 678.51 279.67 2.43 4.15
RS FH-HMAREAE SRR

FIFHR 2RI 3 25 I 75 - fir Lu i R K,
K o PR REACHE,  DARRHT FL i 5 A R R
i, %) 3 AEa A T P R B RE ik
RARTEREA 7S RS - (5 5 27T 24T . AL
SRR A CAnER 4 Pros), KA IR N2 Cn
kN 0.06 mm/min) FF IR ESE N On#k
HEA 0.2~0.6 mm/min) AR, BER-AE
A i EU AL 3 K, o) IV [ 75 — L f 275 40 (AR
TEBEHR, 2 BATIEAH GO N K R HHETSC
HE IR R B SRR 2 nT DL 7 AR SR AR 7S —
SEHYE, Wk s PFir.

TESEBR R FFR IR, AT TR I 11
DX 355 1 37 0 7 — A 300 6o 2R A A O AT 4%
B HIRE ABAT T TR 1 3 AR A A S HF

Table 5 Division of coal mass instability by AE-charge
united criterion

AT A A WA R G KR E R
0<n <037 GEEPNS
0.37<n<3.32 WAL R ERS
332<n<4.15 K@z Kt
5 4

(1) SR, BN AR B
Al WAL, R RSN, R4
HORIRAERN, WP BB IBA RO, Bk
BB B RO SR R AR A AL, WK
B OB AL L, bt 8) 9 o )L
HHK



12

I IDEERAE A A5 W R AR R e 7 — LA IR T T 3425

(2) 32 I AR W (1 B R G R R
L5 TR I M I RAT [ P S — e £ 5 AR BAT — 3
Pho o SUEARFAE AT B AR KA A
RS =T A 5 ) AR B R Bt AT PR A A
TR = HUT (5 5 S3MT #6 BE  ATR NIRRT 4
TR ek s A A 1) 2 B D B AT R AL o

(3) VARSHT el 5 TAR mAERE A B ARRIE 500
G, ML A R BUSRAG IR 75 50— LA £ S5 A 3 A
iR WP T HE R RRIE SR A - AT =
FE A g, AR X . AR TR, A
F e M BRAT 1) 7 — v B3 B Al AR B ) 37 )
AR DL, X SR i 75 A PR A L 2 7R o o s
(05 A LR AT TN A FUES o

(4) SZIEN TT R 4 A FIAN T TN
SEMA A ZSE M, A FARANTT AR R AR R 75 K
5= FLAr 25 R AR IR AT 9 A, A7 A6 BT RE TR
B i AL BT AR

2 % 3 MR

(1] AR, FilE, BEGEE, 5 IR R

FERLIEMAL]. T B4R, 2014, 43(3): 369—
373.
JIANG Yao-dong, LI Hai-tao, ZHAO Yi-xin, et al. Effect
of loading rates on energy accumulation and dissipation in
rocks[J]. Journal of China University of Mining &
Technology, 2014, 43(3): 369—373.

21 WHE, HERA, OB TR BN SRR LA )2

FEAEREMAFSE[I]. 5 4 TRE2#4R, 2007, 29(7): 963 —
967.
XIE Guang-xiang, CHANG Ju-cai, HUA Xin-zhu.
Influence of mining velocity on mechanical
characteristics of surrounding rock in fully mechanized
top-coal face[J].
Geotechnical Engineering, 2007, 29(7): 963—967.

B1 Ez, SHE, W SUBCTAR T RIE A0
I SIR BRI TU]. AT %5 TR, 2006,
25(6): 1118—1124.

WANG Jin-an, JIAO Shen-hua, XIE Guang-xiang. Study

caving Chinese  Journal of

on influence of mining rates on stress environment in
suppounding rock of mechanized top caving mining
face[J]. Chinese Journal of Rock Mechanics and
Engineering, 2006, 25(6): 1118 —1124.

(4] EdE, W)RE SRR HEDEE RN B 30 0 CF 1R
WARFFE[]. PR 2R, 2010, 39(1): 70—74.
WANG Lei, XIE Guang-xiang. Influence of mining

velocity on dynamic disasters in the coal and rock mass at

a fully mechanized mining face[J]. Journal of China
University of Mining & Technology, 2010, 39(1): 70—
74.

[51 IOt WK, FYEE, A5 AN[E)E R R

JrlEs Jy 2 BTSRRI T TE ). A
% 5 TR, 2011, 30(1): 68—77.
YIN Guang-zhi, JIANG Chang-bao, WANG Wei-zhong,
et al. Experimental study of influence of confining
pressure unloading speed on mechanical properties and
gas permeability of containing- gas coal rock[J]. Chinese
Journal of Rock Mechanics and Engineering, 2011,
30(1): 68—177.

[6] Tt OCHE, B, & AFEINEN AT T AR

W 2RI T E A 5 TREAR, 2013,
32(5): 891—901.
YIN Guang-zhi, LI Wen-pu, LI Ming-hui, et al
Experimental study of mechanical properties of coal
containing methane under different loading-unloading
conditions[J]. Chinese Journal of Rock Mechanics and
Engineering, 2013, 32(5): 891—901.

(71 Uik, WRAE, AR, &5 NS AN R )2 AT

A FRR G IET]. o EO K2R, 2015, 44(3):
430—436.
LI Hai-tao, JIANG Chun-xiang, JIANG Yao-dong et al.
Mechanical behavior and mechanism analysis of coal
samples based on loading rates effect[J]. Journal of
China University of Mining & Technology, 2015, 44(3):
430—436.

(8] AU, N AR LR A pp o R PEAN T 1
LNHID]. Abst: AP SR, 2014
LI Hai-tao. Evaluation method and application of coal
burst performance under the effect of loading rates[D].
Beijing: China University of Mining & Technology, 2014.

91 B, Wi, XEF, & PR TR

PP NARIR T[] A )27 5 TR, 2011, 30(2):
306—312.
ZHAO Yang-feng, PAN Yi-shan, LIU Yu-chun, et al.
Experimental study of charge induction of coal samples
under uniaxial compression[J]. Chinese Journal of Rock
Mechanics and Engineering, 2011, 30(2): 306—312.

[10] JvA, #—ih, 2080, & M ploR R v A i
LB, &L TR, 2013, 35(6): 1156—1160.
TANG Zhi, PAN Yi-shan, LI Zhong-hua, et al. Charge
induction mechanism in the process of fracture of
coal-rock[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(6): 1156—1160.

[11] Wl 2, A, 45 S ICR R R AR iy 2%



3426 w *

71

2 2017 4F

[12]

[13]

[14]

[13]

[16]

[17]

RERHEBIETE]. 5 A 28 5 TR, 2013, 32(7):
1297—1303.

PAN Yi-shan, LUO Hao, TANG Zhi, et al. Study of
charge induction law of coal and rock mass during tensile
instability and failure[J]. Chinese Journal of Rock
Mechanics and Engineering, 2013, 32(7): 1297—1303.
W, PG, AR, SR S USRS E G P
BUL SN AR B[], A A TR R,
2015, 34(4): 713—719.

PAN Yi-shan, LUO Hao, LI Zhong-hua, et al.
Experimengtal study on gas permeability and charge
induction of gaseous coal rock under confining pressure
unloading[J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34(4): 713—719.

W, BRA, A, SR ORTE s T RS
FE 45 P ARE IR N AR TIF AR [T]. HbBRTELAZ4R, 2013, 56(3):
1043—1048.

PAN Yi-shan, TANG Zhi, LI Zhong-hua, et al. Reserch on
the charge inducing regularity of coal rock at different
loading rates in uniaxial compression tests[J]. Chinese
Journal of Geophysics, 2013, 56(3): 1043—1048.
MR, TE, Wl S BURIRCA R R R A
5 BRI [T]. KR 25 4R, 2015, 40(8): 1796 —
1804.

XIAO Xiao-chun, DING Xin, PAN Yi-shan, et al.
Experiment of acoustic emission and charge induction in
granular coal rock failure[J]. Journal of China Coal
Society, 2015, 40(8): 1796—1804.

MG, & R, B & S G HEa e RLrA)
PRI I [T). A 1%, 2017, 38(6): 1620—1628.
XIAO Xiao-chun, JIN Chen, ZHAO Xin, et al.
Experimental study on the charge criterion of coal-rock
bodies burst tendency[J]. Rock and Soil Mechanics,
2017, 38(6): 1620—1628.

MIEER, PG, W, A SIS ) R R
GRS NI, P 2RREAAR, 2014, 24(3): 97
—102.

XIAO Xiao-chun, LUO Hao, PAN Yi-shan, et al.
Development and application of charge monitoring
system of deep mine dynamic disaster[J]. China Safety
Science Journal, 2014, 24(3): 97—102.

MA RUIL QIAO BAO-MING, ZHANG TIAN-JUN, et al.
Application of discrete wavelet operations in the detection
of acoustic emission of coal and rock rupture[J]. Journal
of Coal Science and Engineering(China), 2013, 19(2):
160—166

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BYUN YO-SEPH, SAGONG MYUNG, CHUN SUK-
CHUN, et al. A study on using acoustic emission in rock
slope with difficult ground — focused on rainfall[J].
Geosciences Journal, 2012, 16(4): 435—445.

TR, W, B, A RFEIN AR TR
DR R A R SR PRI T [I]. A )% 5 R
223K, 2009, 28(4): 757—766.

SU Cheng-dong, GAO Bao-bin, NAN Hua, et al.
Experimental study on acoustic emission characteristics
during deformation and failure processes of coal samples
under different stress paths[J]. Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(4): 757—766.
HAOW, WIRSL, FESFUE, A NIRRT A KR
P RHE SRR R A T REAER, 2009, 26
(1): 97—100.

TONG Min-ming, HU Jun-li, TANG Shou-feng, et al.
Study of acoustic emission signal characteristic of
water-containing coal and rock under different stress
rates[J]. Journal of Mining & Safety Engineering, 2009,
26(1): 97—100.

PR, FESLE, R TN, A ANE P R A A
TR 75 R SR IR AE BT[], KR 2%3, 2014, 39(2):
384—388.

LI Hong-yan, KANG Li-jun, XU Zi-jie, et al. Precursor
information analysis on acoustic emission of coal with
different outburst proneness[J]. Journal of China Coal
Society, 2014, 39(2): 384—388.

REE, F0E, R RN IR T e
RPN BE R IERTIE[T). & T 12, 2016, 37(12):
3472—3480.

LIANG Chang-yu, LI Xiao, WU Shu-ren. Research on
energy characteristics of size effect of granite under
rates[J]. Rock and Soil
Mechanics, 2016, 37(12): 3472—3480.

FRUTC, ek, X, S5 KBRS S i
FEAEAFSLLI]. IR 244, 2004, 29(3): 289 —292.

WANG En-yuan, HE Xue-qiu, LIU Zhen-tang, et al.

low/intermediate  strain

Study on frequency spectrum characteristics of acoustic
emission in coal or rock deformation and fracture[J].
Journal of China Coal Society, 2004, 29(3): 289—292.
ERIT, TRk A TR AR R R R S 1 56
JY[T]. HhERPEL2ETR, 2000, 43(1): 131—137.

WANG En-yuan, HE Xue-qiu. Experimental study of
electromagnetic radiation in deformation and fracture of
coal and rock[J]. Chinese Journal of Geophysics, 2000,
43(1): 131—137.



