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Experiment study of acoustic emission during fracture

process of pre—crack granite under uniaxial compression
Zhao Yangfeng'”,Zhang Chao',Liu Ligiang’,Zhu Xiaojing'
(1. School of Mechanics and Engineering ,Liaoning Technical University , Fuxin 123000, China ;
2. State Key Laboratory of Earthquake Dynamics, Institute of Geology,China Earthquake Administration ,Bejing 100029, China)

Abstract ; In order to effectively extract the precursor information of rock mass unstable failure with macroscopic structure, granite with dif-
ferent angles of pre—crack were used for experiment study of acoustic emission( AE) during fracture process of pre—crack granite under u-
niaxial compression. The results showed that, the influence of pre—crack on the rock peak strength was significant, as the angle of pre—
crack increased, the peak strength of the granite was reduced. As the angle of pre—crack increased, acoustic emission events and acoustic
emission magnitude of the granite deformation and fracture process would increase, the stress in AE precursor information was greatly re-
duced. The stress of the intact sample reached 88.5% of the peak stress, the stress of the sample for 30° crack angle was 84.5% , and 45°
crack angle was 56.2% , 60° crack angle wass 46.3%.The AE precursor signal was more advance. The acoustic emission events during the
granite deformation and failure were mainly concentrated in the pre—crack area. Acoustic emission monitoring data can better reflect the
micro rupture of the rock, and the macro structure monitoring of the rock mass should be strengthened.
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Fig. 1 Pre—crack granite specimens
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Fig.2 Layout of acoustic emission sensor of pre—crack samples
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Fig. 3 Stress—strain curves of pre—crack granite

under uniaxial compression
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Fig. 4 Relationship curves among AE parameters, stress and

time for granite under uniaxial compression
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Fig. 5 Relationship curves among AE parameters, stress and
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Fig. 6 Relationship curves among AE parameters, stress and time

for pre—crack 45° granite under uniaxial compression
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Fig.7 Relationship curves among AE parameters,stress and time for

pre—crack 60° granite under uniaxial compression

T 45° ZEL0R 7 Rk S SR BOR R & T R R
5 550.4 s (S A N T iR Ry (R 1956.2% )
ISP PRER G, A B 5 P SRR e KAE
11.8 9%, 2t FEm R A 112 082 A4, Tl {5
1 60°ZELLIT | 7 & B F AR BRI R SRR AE 380.7
s (DU A I 7 SR il Iy 7 W AELI) 46.3% ) Bif Pl ik
Han, E A S P R AR R S R 12.2 2%,
it A 214 661 A7 R GFEAE, BULAT I, Ak
SRR K S R Gk A s AT AR R R
FRBE IR TR (AT IRAT B, Bl 2 190 24 S0 £ e 1
K, W LB 1< A T 2R et v s % S 4
FF 2 SRR s fin, o B e S i IR AR B iR
PR I 9 KR RAARR ( T Tt ] 4 50 B iR 1 1 7 A D
I 11 88.5% , T 30° 4L}y 84.5% , Tl
45° B4 5L Ol 56. 2%, T A0l 60° 24 SL I
46.3%) , XJ& T AE S 4 4 R R R ey
JE 37 BB SCATUR R (A 52, SESUITRE A A/ N B4
NGRS HEUIRH R, MR MR RS

L] 30° 1 60° L AL i< A L e 45 4 0
PRS- W g R an & 8 I 9 FTR, Tl 60° %4
SOk RS AR 10 R,

_«_|‘zia“
} 4 Hﬂﬁ\
g ___...|.~——b-H‘ 12 388
+ ‘M ‘14 Wi
|

0 545 1 090
HeF8]/s

B8 FHlMf30°HAH LRI EHLTEFLHNET
Fig. 8 AE signals of pre—crack 30°

&

(@

3

granite under uniaxial compression
bt | 23

il BT

"’*"*_M%W e | 14331

1
0 410 820
A T} /s

B9 FHMM ORI H L EMEHLARFELAET
Fig. 9 AE signals of pre—crack 60° granite

under uniaxial compression

F P 8—T&1 10 I M1 . Pl A0 AE b o AR T3

47



2017 4E45 7 1) H# £ A F H K 5 45 %
et 2
[ T -
e m : I | i
R 143438 ; : -
201734 883 ‘ 221740 239 0~100s 100~200s 200~300s 300~400s
M) [Al/s
(a) B4 5.356 2 ms _
—— Dt . : . .
L &

| T e "W e e
A s | 45

449.234 514 . 449.240 043
YA
(b) 1K 5.528 8 ms
;.%ﬁu “t wf 2@:@:
e — TiE
_ 123838
| *u | : e
Al i WM 1431
792,707 379 792,722 014
M TAl/s

(c) N4 5.528 8 ms

B 10 i 5 f 60° AL KW & = K AT F 4
Fig. 10 AE signals of pre—crack 60°

granite under uniaxial compression

TR R R R R A5 R Rk SR A
PR BA S (R /N AR — | 75 2 S5 2 0 3 2k s ]
W44 A [R), HorhL es 12 F1 14 B2 3 1Y 75 & 5t
FOFE L MR EARTE K X 575 R L R I ko
VR IE B A 2, X L AE b R i PR 485 R & B
2 A IRERIE IR A B R B IX BT, 7F 221 s IS
REHREEIA R 3.1 s, 7F 449 s 75 K 522 7]
HS. 1 s, MAE 792 s B K B R 22 [a] 3k 3] T
11.3 s, AR J) W38, 75 & G 5 A R 22 it (]
BT, A TR A S A B A AR TR Y
TR R S ORI KRR R R IR RN, BE A TR
il LB R, 7R R ST RTIRAE 5 B R T, R R
UhE USRIk A

7 S A 1) R 6 4 R EL LS e 125 A SRR
SHIRALE BB E A RIR B RUAS [R] 2
Wr B & R B, TR A 60° 244046 1 7 i
R i AR R A e S A5 SRR 11 R AR
FERI U N2 B BETE 191 i A4 S B3 Wi 58] /> i 1) 2 [

48

400~500s 500~600s 600~700s 700~~820s
11 FH A 60° R EUE K E
JE 4 b AR R 4 I AL AL
Fig. 11  Orientation evolution of AE events of pre—crack 60°

granite under uniaxial compression

TEN L, B T3 K SR AR R SRS T, 7
S 1] 52 5745/ N B 2 3 I, 738 B e R0 ) 459% ~
55%I0F, R A E AL B £, R RS E SE
DX T RSB T 1], P35 B AR g i, 75 %
Sy ) E L2 (AR B S A SRR R e By
BORERCREUS% §7 R, IF 51 N R, I
TR SE AR R B 73 BE LS BRI, A R SR 5 K
W BE B/ N BRI R AE R IR BRI R PR R S
F F A P e TR L S X A, A DR B A 7
SR PEED | BB 3R X TN
FB 2SRV, R RSO IX 2 7 AR O T Y
AR B v IR S A v A A R X
TE DI R 2% WL L B0 1 2 W IRt 2 i o AR 2807
I,

3 & it

1) PR 00 S A 114 U (L 56 J38 52 it Sl 25 1
A T RS0 A6 B iU U (L 55 5 ROR R ARG B
TR ST (O3 K, A8 el LU 14 D 5 JEE AT
BUEIR I 1) 07 28 1 U] S AR

2) AL R A U T A A B A RS B A ]
509 3 A B BT R S, R kR
tre AR BUAE I 77 068 Y 30T )l 2 P ) P, 7
S SRR I VA T DR 0

3) It U SRS A Y3 K, A B o AR T 1 3R
AR RS ROAN S A SRR ARG, it B A
S IR A R ) ROy R REARG , 75 4 S i IR A



AT A5 L T SR B o B T 2 A R e S A TR 5

2017 555 7 H

SRR, 65 A IR AR R R e
AR TLE T S0 X 8, A DX 36l B0 75 % S =4
B HAMs ol

4)2.4652%@1%%&‘1?%@@3!5%’3%,ﬂj%ﬁﬁg
FiE BT BOEATER G 00T, 6 S A W2 Z 3 T
I@u&f%#ﬂm BA) 2 AR IS T 7 R 3 Ak g
W

£ % 3Lk ( References) :

(1] EER XFEZE M ® 5 &b RSUE A A B IR A
IRFFE[T] .45 12,2006 ,27(S1) :235-238.

Wang Shimin, Liu Fengjun, Ye Fei,et al.The numerical simulation
to model failure of brittle rock with prefab crack[ J].Rock and Soil
Mechanics,2006,27(S1) :235-238.

(2] HSiGECFREATIE S B LI S B E T M BR Y B2 4T, 1994,
37(S1) :251-260.

Zheng Zhizhen.Geo—sound observation study in China[ J].Chinese
Journal of Geophysics,1994,37(S1) :251-260.

(3] ZHEAR, FFUERI, ks, 45 Sl A2 5 i 0 R Axad R 75 4 5

FRIERFIE [ 1] A6 %5 TR, 2004, 23 (15) ; 2499 -
2503.
Li Shulin, Yi Xiangang, Wang Yongjia,et al.Studies on acoustic e-
mission characteristics of uniaxial compressive rock failure[ J].Chi-
nese Journal of Rock Mechanics and Engineering,2004,23(15) .
2499-2503.

(4] BREME T FERZ A0 R R ST R i 8O0 [T ]
A RS TR, 1997,16(1) 65-170.

Chen Zhonghui, Fu Yufang, Tang Chun’ an. Confining pressure
effect on acoustic emissions during rock failure[ J].Chinese Journal
of Rock Mechanics and Engineering, 1997,16( 1) :65-70.

(5] ¥ I1,X0 8%, RS ST VIR T A A 4R B &
SHRFEDFSEL ] 70 % 4 53R, 2013,40(1) ;12— 16.

Xu Jiang, Liu Yixin, Wu Hui,et al.Research on microscopic failure
and acoustic emission characteristics of rock under shear load[ J ].
Mining Safety and Environmental Protection,2013,40( 1) ;12-16.

(6] ZEMT 8, BRIBER, 5. 2 T 2L B R BUA e R 3 7 5
SHFAERFSEL )] 3T 25 6], 2004 ,24(3) :290-293.

Li Yinping,Zeng Jing, Chen Longzhu, et al. Acoustic emission char-
acters of pre—cracked marble under compression[ J ]. Underground
Space,2004,24(3) :290-293.

(7] kA, T SRR, 5 BT =Rl i A hR e i A B

HHIERFSE[ )] 544125 TR, 2014,33(1) 198~ 104.
Yang Yongjie, Wang Dechao , Guo Mingfu, et al.Study of rock dam-
age characteristics based on acoustic emission tests under triaxial
compression[ J].Chinese Journal of Rock Mechanics and Engineer-
ing,2014,33(1) :98-104.

(8] TkuAMG, Tk i, sKEER, A5 Bl 32 A 75 R SRR IR Y )2 3
BRI S (1] 5 155 TR, 2015,34(4) . 770~
778.

[10]

[11]

[12]

[13]

[14]

[15]

Zhang Zhaopeng, Zhang Ru, Zhang Zetian, et al. Experimental re-
search on effects of bedding plane on coal acoustic emission under
uniaxial compression[ J|.Chinese Journal of Rock Mechanics and
Engineering,2015,34(4) .770-778.
Be AR BCBHTE, /N, A A S A WA i e R L
AEF AN )] E AL 2 244, 2015, 44 (1)
29-35.
Duan Dong,Zhao Yangsheng, Feng Xiaojing, et al.Mudstone meso-
scopic failure process and generation mechanism of acoustic emis-
sion events based on real—time loading CT Scan[ J].Journal of Chi-
na University of Mining and Technology,2015,44(1) ;29-35.
XUHEIE , ZETCHE A% TIL B T 75 S0 5T W DA 2R 8 1 0 4
Vit BELT] ARIER A2 BAARLS2RE, 2011,32(10) : 1476~
1479.

Liu Jianpo, Li Yuanhui, Yang Yujiang. Rock damage process
based on acoustic emission monitoring under cyclic loading|[ J].
Journal of Northeastern University : Natural Science Edition, 2011,
32( 10) :1476-1479.

W7 RAME, 4 IE AR TR AB R SRS T R RS
ﬁmﬁﬂ@%ﬁ%MﬁU]FEﬁ%EIﬁ%ﬁjMLM
(6):1162-1168.

Ji Hongguang,Zhang Yuezheng,Jin Yan,et al.Experimental study
of confining pressure effect on acoustic emission characteristics of
monzonite granite under triaxial compression[ J].Chinese Journal
of Rock Mechanics and Engineering,2012,31(6) :1162-1168.
IR RN, R T W, A A e A R R P S R R
ARSI [ T ] A 2 TR0, 2014,36 (10) : 1915
1923.

Li Haoran, Yang Chunhe, Liu Yugang, et al. Experimental re-
search on ultrasonic velocity and acoustic emission properties of
granite under failure process[ J].Chinese Journal of Geotechnical
Engineering,2014,36(10) :1915-1923.

B AR/ FRORR AR 0 A P S S R 7 A
T[T ] SERFFHR ,2014,42(7) :33-36.

Jia Bing,Ni Xiaoming,Su Chengdong.Experimental study on response
features of acoustic emission to coal samples during loading process
[J].Coal Science and Technology,2014,42(7) :33-36.

B3R XUIORE, SR DE AR U6 IS o A0 A LI 75 8 SRR 0T

[I] Rl E AR 2011,39(5) :21-24

Tang Jun, Liu Weiqun, Fei Xiaodong.Study on after peak acoustic
emission features of rock type material [ J]. Coal Science and
Technology,2011,39(5) :21-24.

WM, B INVRDEE A AN TR B R S A 7 S Al
B H B HRAE AR BRI T [ )] 6 A % 5 TR,
2016,35(7) :1333-1340.

Zeng Peng, Ji Hongguang, Sun Lihui, et al. Experimental study of
characteristics of irreversibility and fracture precursors of acoustic
emission in rock under different confining pressures[ J ].Chinese
Journal of Rock Mechanics and Engineering,2016,35(7) :1333~
1340.

(FHESS 138 )
49



2017 4F55 7 4

HEMFHA

545 4%

[10]

(1]

[12]

[13]

styles and looking for coal resources in Muli coalfield , Northeastern
Qinghai, China[ J ] . Geological Bulletin of China,2010,29(11)
1696-1703.
SOV BB S, ZRAK AL, A T i R EL R LR R
DI A8 B A J2 A% 22 ()] B 412, 2011, 30 (12) : 1823~
1828.
Wen Huaijun, Shao Longyi, Li Yonghong, et al.Structure and stra-
tigraphy of the Juhugeng coal district at Muli, Tianjun County,
Qinghai Province [ J]. Geological Bulletin of China, 2011, 30
(12):1823-1828.
s, P, EigE IR T HY XAY 2 5 H5E R0
FUEBEFE[ ] v B 3 T, 2011,23(12) 1 15-17.
Yang Deshou, Wang Qingping, Tong Haikui. A Study on Jurassic
Coal=bearing Rock Series Sedimentary Facies in Juhugeng Mine
Area, Qinghai [ J].Coal Geology of China,2011,23(12) ;15-17.
W UE R, T8, 5 T E R R A S IR 2 R AE
HZ TR A BTN [ M. AE 5T A Tl Hh A
2001.
25 AR AR IRME DA R Al LSO LA 1 B3 e
FE[D ] ALs A EA LR (b st) ,2013.
BARDE, B4 2 0, SRR TUA R IEAR 1S RN
L] A H TS TR, 2014,42(4) :25-30.
Cao Daiyong, Wang Chongjing,Li Jing, et al.Basic characteristics
and accumulation rules of shale gas in coal measures[ J ].Coal Ge-
ology & Exploration,2014,42(4) :25-30.
RN, T HHE 6, AR LR DOR B R A
ORGP AN T] SRR, 2012,37(8) 1 1364-1368.
Cao Daiyong, Wang Dan, Li Jing, et al.Gas source analysis of nat-
ural gas hydrate of Muri coalfield in Qilian Mountain permafrost,

Qinghai Province, China[ J].Journal of China Coal Society,2012,

[15]

[16]

[17]

[18]

[19]

[20]

37(8) :1364-1368.

o, ACT S, AT KK A R
(VLT TREARRE AR ARBERL,2012,31(4) (484~
488.

Li Jing, Cao Daiyong, Dou Xugian, et al. Accumulation model of
natural gas hydrate in Muli area[ J].Journal of Liaoning Technical
University : Natural Science Edition,2012,31(4) ; 484-488.
AU XIRSE, T, AT X RR UK G U IR
SA AL T oh B AL, 2009,21(9) :3-6.

Cao Daiyong, Liu Tianji, Wang Dan, et al. Analysis of formation
conditions of natural gas hydrate in Muli Coalfield, Qinghai Prov-
ince [ J].Coal Geology of China,2009,21(9) ;3-6.

Cao Daiyong, Wang Dan, Wang Tong, et al.Formation conditions
and resource prospect of natural gas hydrate in Muri coalfield,
Qinghai province , China[ C]//2010 Conference on Energy Strate-
gy and Technology London;Science Publising Limited ,2010.
SRR, A, T AL, S T ) | g s DX SR A
WS BRI ) ] AR S TT &, 2011,38(4) :409-417.

Guo Qiulin, Li Jianzhong, Chen Ningsheng, et al.Modeling of the
tight sandstone gas accumulation for the Xujiahe formation, He-
chuan—Tongnan Area, Sichuan Basin[ J].Petroleum Exploration
and Development,2011,38(4) . 409-417.

Bohacs K M, Suter J R.Sequence stratigraphic distribution of coal-
y rocks ; fundamental controls and paralic examples[ J].Aapg Bul-
letin, 1997,81(10) :1612-1639.

A STt ki, 45 SR 2 G S U B A
AR T AT i 2#4], 2012,32(S1) :37-52.

Zhao Jingzhou, Fu Jinhua, Yao Jingli, et al.Quasi-continuous ac-
cumulation model of large tight sandstone gas field in Ordos Basin

[J].Acta Petrolei Sinica,2012,32(S1) ;:37-52.

(L4555 49 1)

[16]

[17]

138

i)

zam, ik a3 B, AR LA T R AR g R R A
ZETAT 0 SR AT IR BT L [ J]. A & TR %4, 2016, 38
(S2):306-311.

Li Anqgiang,Zhang Ru, Ai Ting, et al. Acoustic emission space—
time evolution rules and failure precursors of granite under uniaxi-
al compression[ J].Chinese Journal of Geotechnical Engineering,
2016,38(S2) :306-311.

XUBER, Bz, B XL, 4 P A S sk S [ )] ek Ay B
2#1%,2014,57(3) :858-866.

Liu Peixun,Chen Shunyun, Guo Yanshuang,et al.Moment tensor

[18]

[19]

inversion of acoustic emission[ J].Chinese Journal of Geophysics,
2014,57(3) :858-866.

AT, IO BRIRBR , 4585 T R 1 R Y 15 43
Br[J] .5 £ TR, 2004,26 (1) :120-124.

Li Yinping, Wang Yuanhan, Chen Longzhu, et al.Experimental re-
search on pre—existing cracks in marble under compression [ J].
Chinese Journal of Geotechnical Engineering,2004,26(1) :120-
124.

Ottemoller L, Havskov J. Moment magnitude determination for lo-
cal and regional earthquakes based on source spectra[ J |.Bulletin

of the Seismological Society of America,2003,93(1) :203-214.



