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Quantitative analysis of crack expansion in specimens of coal having a
single pre-existing hole
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Abstract ; Experimental tests about the crack propagation of coal specimens having a central borehole under local load
were conducted with high definition video camera,infrared thermal imaging instrument and relevant software. The char-
acteristics in the whole process of crack initiation , propagation , coalescence under different local loads were analyzed.
The results showed that the crack propagation in the specimens was caused by the coupling effect of load conditions
and macro center borehole, and the route of crack was also dominated by it. However, the anisotropism rooted in micro-
pores played a subordinate role. It would cause tensile or shear stress area around the borehole under uniform load,
which was a key factor for crack propagation on that conditions. Macro center borehole was the main factor to cause
stress concentration , but the dominate position of it would subvert with the change of load area,and the sequence of
stress concentration occurred suddenly,the position of crack initiation was turned from peripheral borehole to the criti-
cal point of the load. The influence of load area on the crack propagation in the specimens having a central borehole
had a regional characteristic ,which occurred obviously in the region of load area. With local load increase ,the scale of

the initial crack( crack width and length) increase,and the crack direction showed the trend of non-straight.
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Fig. 1 Schematic of specimens
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Fig. 3 Local load testing device and observation device
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Fig.2  Schematic of loaded specimens
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Fig. 4  Crack propagation model of specimens under the conditions of different load
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Fig. 5 Macroscopic fracture trace of specimens under the conditions of different load
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Fig. 6 Curves between relative load area and crack initiation stress of coal and coal-like specimens
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Fig. 7 Curves between instantaneous maximum effective pene-

tration rate of surface crack and the conditions of different load
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Fig. 8 Curves between instantaneous maximum effective penetr-

ation velocity of surface crack and the conditions of different load
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Table 1 Number of pixels points in different temperature range under different load conditions

. JIIE:" TR X 8]/ °C 2/
e
KM 7~7.5 7.5~8 8~8.5 8.5~9 9-~9.5 9.5~10 10~10.5 10.5~11 11~11.5 11.5~12 12~12.5 12.5~13 T
S — — 5 13 11 17 39 46 35 27 3 — 4.810
L 3S/4 — — — 5 10 14 32 35 4 33 20 5 4.820
T oos4 — 1 1 16 39 41 38 37 18 3 2 — 4,490
Ji S/4 1 4 15 24 38 19 18 27 17 24 7 2 5.500
s N — — 1 5 2 51 32 42 18 5 — — 2. 880
38/4 1 0 0 1 0 8 45 50 40 39 9 3 5.893
T4
28/4 — — 1 1 21 41 40 39 38 12 2 1 4.450
S/4 — — — — 6 19 46 63 36 9 10 7 3.560
S — — — — 1 4 45 93 41 12 — — 2.530
3S/4 — — — — 2 54 86 43 10 — 1 — 3.070
T4
28/4 — — 8 45 98 39 5 1 — — — — 2.570
# S/4 — 12 100 68 11 4 — — — — — 1 5.240
P S 3 57 94 34 8 — — — — — — — 1.990
3S/4 4 24 57 79 21 11 — — — — — — 2.780
T4
25/4 8 10 54 72 31 7 4 — — — — — 3.310
S/4 — 11 89 75 20 1 — — — — — — 1. 860
vos- b, T = H AR A AR ) A 01 3 325 A
000} TETFIMBRAAE 2R DL & MR R — ,
0.85F L W R G HA— BRI R X TS
= 0.80 YERM =S, R, Rl 2k 24 T SRl A
NN RUBEEPE HARP 2 B 06 /T S B3 %% 1F
065l AR R A A T SO AR e
060—u L SO VAE L ke NS =2 g W & o3 TR =9 | fa B i)
02 03 04 05 06 07 08 09 1.0
AR AR A
(a) 5l 3.3.2 T 25 ROT 2 AT LT AN S R 7 i Ak
0.85r P
0.80 | RAE
0.75 X bR T, I 25045 20 i 5 e iz RS 50
0.70 N — - .
o 065) AT 43T, 32 T 5 22 BT 22 IS R 8 2544
= 060 . ok P A LT MG ST 1R LT , A S
0.50 - —=1I 2,
045} ——T-¥{E \ . . IOV
o I T 22T LS ok e 5 2% G A SR
0203 04 05 06 07 08 09 10 RS RUGERT R, Iy 2 MK, BRI
(b) FHE SRR R B R R, AR 2 AT LU Y HERR A

K9 H{EMINZE S Z R 2k

Fig. 9 Curves between H-value and the conditions

of different load
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Table 2 Analysis of the variance of pixel temperature under the condition of different load
MR k% s ES 25 ss df MS F P Ferit
S 0.866 9
35/4 0.942 1 R
14 2 [a] 123.537 4 3 41. 179 00 41.1452 1.09x107* 2.616 3
25/4 0.650 3
S/4 1.5439
Ji
R S 0.5125
35/4 0.554 1
;| HN 780. 643 2 780 1..000 00 53.467 8 1.97x1073! 2.616 3
25/4 0.6122
S/4 0.5513
S 0.182 4 N
ZH A 629. 583 2 3 209. 861 10
35/4 0.193 3 |
4 2] 89.491 5 3 29. 820 49 1123.376 1.5x107% 2.616 3
25/4 0.1519
HN 145.714 0 780 0. 186 80
" S/4 0.2195
HRE S 0.152 4
’ 4 7] 17.188 5 3 5.729 50
35/4 0.2817
I HN 435.068 2 780 0.557 78 24.782 3 2.53x1075  2.616 3
25/4 0.3614
AN 180. 331 4 780 0.2311
S/4 0.1293

TE:SS N B I 287 05 Rl QLR A% ek i B B i 5 8 B B (DR SRS 05 0 df S A B F O AR IR R MS S 07 B SR T LAY SS B

VL df;s P R FEAARE F AT BYMESRAE s Ferit SHFEARRY 5 KF R B9 F G SHE

FAMBAIR BE G o3 A S 2, SR R R R i P IR
Yo A — A EE PR, 15 3.3, 1 Ehe—2
LREFETNEE 7 22 K O7 2 ik PR 205k
B SR P S e A AT A5 A R N 28 B0 2 1R
AR 24 i B S {ELRE BE B TR oA 1A
SRR N ARG S TRE VAL S s E S PSP S
HA TR 5 SR R DB &R 5K, Rk, il
LIRS S AR IR G W) 5 1 R0
PR 3 RS d 3R 1 AR AR — B

4 & it

(1) JRraBag E VR AT 35 v fLR AR 2R S
PR AT MO ALIR LR RS B RS
M EEHIER . Hob s A ik 2 W O AL 7R 2R
oy R AR R 32 AR T 1 ARULFL A | A AL
SELH MR FLIT SRR 2R 8 Ul M s st o7, ELE 5 L BE
TE RS T DX =y 38 52 i SR S04 Jie (n Ji AR 2R
FUBED™ 5 G 2% T Jmy P 20 L S 2 B K 5% ) L 7
LYNIREI S (=97 -2 C I SR E DY 3

(2) Bt s a6 0E N, AL S 2 s 39 1 /g
DX, HARGUh ek 2, AL 2 5 DR 7 4R i 32 5 A
R (BRI AR A O, FLI A S 7 DUAURE
O 3 B v S8 W o A I b AT i ol AL ) i e
i) ey 2 1 S ALk, S Fe 2 1 ol S 1y 280 s St Ak SR SRS 284
AL A i R BGER 2, X AR R
IR A W

(3) 2B A O AL RS R
i FLAT DX A, FLER B B A 4 v o T A

Tar VEFH 1 DX 355 o J) 35 fir 28 70 386, 400 4 24 80 R
JEE (ZGUEEFIR BE) ANk, HL2LE800) & T 1)
WA AR B AR A IR 2 B A SRy fer 2
R, G K Rt BRI AR AR 5

(4) JRiar A8 A8 8 v AL A AR 2 L
YRR 2 v] DL i R e AR AR SR Rk
TP R B S AR A T LR AR, (B3R A I
JE R R PR A A AR 25 53X 2 2 DR Ry D A
LB SRR 2R S0 LA T 01, 308 e TR A e L o HE A
YRR,

5% Uk ( References) :

(1] Gk, 20 R0, 45, IR T IR B B R 5 A%
NI RLEEL )] a4, 2014,39(8) 1497 -1503.
Yin Guangzhi,Li Wenpu, Li Minghui, et al. Permeability properties
and effective stress of raw coal under loading-unloading conditions
[J]. Journal of China Coal Society,2014,39(8) :1497-1503.

(2] FOGE, Zeehme, 25 S0t A5 LT He X S0 A 08 ) 25 BB i
REPERY IR [ J] . B2, 2012,37(9) :1499-1504.
Yin Guangzhi, Li Minghui, Li Wenpu, et al. Influence of gas pressure
on mechanical and seepagecharacteristics of coal under unloa-
ding condition [ J]. Journal of China Coal Society,2014,39 (8):
1499-1504.

(3] Wik, B0 5 L0, 55 IRBE 5 N 70T AR TR AR 3 5
FIREBT S [ J]. A 1% 5 LR %, 2012,31 (6) 11222 -
1229.
Hu Xiong, Liang Wei,Hou Sijing, et al. Experimental study of effect
of tempreture and stress on permeability characteristics of raw coa-
land shaped coal[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2012,31(6) :1222-1229.

(4] ERINI, P, 205, 45, RO R 0 X RO i R P 2 e [T ]



870

# X

1’ 2017 455 42 %

[10]

[11]

[12]

[13]

JEBER ,2010,35(4) :595-599.
Cao Shu, Guo Ping, Li Yong, et al. Effect of gas pressure on gas
seepage of outburst coal [ J]. Journal of China Coal Society,2010,
35(4) :595-599.
SREIMG A TRPER AR AN IR BT R 7 R 4 N I AR i
TP BEREIFTT]. 54,2015 ,40(4) :836-842.
Zhao Chaopeng, Gao Mingzhong, Zhang Zetian, et al. Research on
permeability characteristics of raw coal in complete stress-strainproc-
ess under different gas pressure[ J]. Journal of China Coal Society,
2015,40(4) :836-842.
VRV, 5248, 2, 5 A BB 2 AL IE 5 B B Rk A
RLRIIFE (1] 547 125 TAR2E4E,2012,31(4) :681-687.
Xu Jiang, Yuan Mei, Li Bobo, et al. Experimental study of relation-
ships between metamorphic grade | pore characteristics and permea-
bility of coal[ J]. Chinese Journal of Rock Mechanics and Engineer-
ing,2012,31(4) :681-687.
VR RESr ], RS 45 A RO A BT UTREAR 2 A0 (L L
BEGSEIRBTSE[ )], A0 )25 TR ,2013,32(1) :33-40.
Xu Jiang, Cheng Lichao, Tan Haoyue, et al. Effects of original cracks
on macro-meso evolution law of coal shear failure[ J]. Chinese Jour-
nal of Rock Mechanics and Engineering,2013,32(1) :33-40.
RSCH, W/ BER I e v 19 3 B AL RS2 3 P52 [T ]
EA NS TR, 2013,32(7 ) 1 1344-1349.
Song Yimin, Yang Xiaobin. Experimental study of temperature evolu-
tion characteristics during deformation and destruction process
of coal[ J]. Chinese Journal of Rock Mechanics and Engineering,
2013,32(7) :1344-1349.
Fr &G EIEY D7 BEE WO AR A 400 T 2745 s i AL AL
[1]. BEAA4R,2014,39(2) :2390-2396.
Wang Yunfei, Huang Zhengjun, Cun Fang. Damage evolution mecha-
nism in the failure process of coal rockbased on mesomechanics[J].
Journal of China Coal Society,2014,39(2) :2390-2396.
RESLH, PRI, PE, 45 RS0 3 1 X BU T 55 DT 4 W4
SRR M AR TS (1], 5 1 J1%,2015,36 (9) : 2467 -
2477.
Cheng Lichao, Xu Jiang, Feng Dan, et al. Effect of binder content
on mesoscopic damage mechanical characteristics of gas-bear-
ing coal subjected to shear load [ J]. Rock and Soil Mechanics,
2015,36(9) :2467-2477.
VRVL, MR 230, 45, AN IR B 28 700 E LU A 00 T BB 2
BRI )], A 1 J1%,2015,36 (1) :104-110.
Xu Jiang, Ye Guibin, Li Bobo, et al. Experimental study of mechan-
ical and permeability characteristics of moulded coals with different
binder ratios[ J ]. Rock and Soil Mechanics,2015,36 (1) :104-
110.
AP VRV SRR, SF. S TUATAEA 99 V) i e rh e 8
AL T ] BEDEF4R,2015,40(4) :801-808.
Peng Shoujian, Xu Jiang, Zhang Chaolin, et al. Fractal characteris-
tics of crack evolution in gas-bearing coal under shear loading[ J].
Journal of China Coal Society,2015,40(4) :801-808.
FESL W), VRUL, Y 5. A 05 UV IR L S0 AL R AE 42 AL 43

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[1]. A %5 TR ,2015,34(1) :31-39.

Cheng Lichao, Xu Jiang, Feng Dan, et al. Quantitative analysis
on development of surface cracks of rocks upon shear failure[ J].
Chinese Journal of Rock Mechanic and Engineering,2015,34(1) .
31-39.

Luong M P. Infrared observation of failure process in plain concrete
[ A]. Proceeding of the Fourth International Conference on Dura-
bility of Building Materials and Components| C]. Oxford ; Pergamon
Press,1987:870-878.

YRI5, AR AU A R SR v i LN 5 2 S
AR T ] MR, 1992 (S1) :645-652.

Geng Naiguang, Cui Chengyu, Deng Mingde. Remote sensing detec-
tion in rock fracture experiment and beginning of remote sensing
rock mechanics [ J]. Acta Seismologica Sinica, 1992 (S1) ;645 -
652.

RO, T U ML, A SRR IE R0 AR T 20 AME B T2
WFFE[T]. S8 J12%,2002,17(2) :206-211.

Dong Yufen, Yu Bo,Hao Fengshan,et al. An experimental research
on the infrared radiation in coal rupture[ J]. Journal of Experimen-
tal Mechanics,2002,17(2) :206-211.

Wu L X, Wang J Z. Features of infrared thermal image and radia-
tion temperature of coal rock loaded[ J]. Science in China Series
D,1998,41(2) :158~-164.

FALHT XR A, RE R, B A A1 (V) —&H AR
BRI AN R SO R AT IR E X [J]. A A 5 2 T
24,2004 ,23(4) :539-544.

Wu Lixin, Liu Shanjun, Wu Yuhua, et al. Remote-sensing-rock me-
chanics(1V) -laws of thermal infrared radiation from compressively-
sheared fracturing of rock and its meanings for earthquake omens
[J]. Chinese Journal of Rock Mechanic and Engineering, 2004,
23(4):539-544.

XU RSO, R, A5 N A A 2 1 R AL AN A A R AR
PEFFAELT]. ARHE R4, 2010,31(2) :265-268.

Liu Shanjun, Wu Lixin, Zhang Yanbo, et al. Change feature of infra-
red radiation from loaded damp rock [ J]. Journal of Northeastern
University,2010,31(2) :265-268.

XUNBHE S AT ATRERR. 6 T S2 g0 8t 1 e A G A vl B2
G REUE B [T ], PR BE R 4 2 41, 2015,32(5) : 644 -
651.

Liu Xuyao,Hu Caibo, Shi Yaolin. Numerical simulation of tempera-
ture evolution during rock deformation process based on experi-
ment data[ J]. Journal of University of Chinese Academy of Sci-
ence,2015,32(5) .644-651.

R I, BG4 R I R A B AR - A
HALRHMIEER [ 1], A A 1 5 TR, 2015,34 (11) :2285-
2292.

Lai Xingping, Sun Huan, Shan Pengfei, et al. Acoustic emission
and temperature variation in failure process of hard rock pillars
sandwiched between thick coal seams extremely steep[ J]. Chinese
Journal of Rock Mechanics and Engineering,2015,34(11) .2285~-
2292.





