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Research on energy dissipation characteristics and coal burst tendency

of fissured coal mass

ZHU Zhijie"?, LI Ruiqi', TANG Guoshui’, HAN Jun', WANG Laigui', WU Yunlong'
(1.School of Mining, Liaoning Technical University, Fuxin 123000, China; 2. State Key Laboratory and Clean Utilization, China Coal Research Institute,
Beijing 100012, China; 3. Organization and Personnel Division, Chuzhou Polytechnic, Chuzhou 239000, China)

Abstract: Coal burst tendency is the natural property of whether coal rock mass can have coal burst, and the distribution of fissures has an
important influence on it. In order to study the influence mechanism of the original coal fissures on the energy dissipation characteristics
and coal burst tendency, the PFC*® numerical simulation method was used to conduct uniaxial compression tests on coal specimens with
different fracture types. The results show that: (DWith the increase of the inclination angle of the fissure, the compressive strength and
elastic modulus of the macroscopic mechanical parameters show a trend of decreasing first and then increasing; when the inclination angle
of the fissure is 30, both of them reach the minimum value. The relationship between the macro-mechanical parameters of different frac-
ture types is: non-coplanar parallel double-fissure specimen < single-fissure specimen < co-planar discontinuous double-fissure
specimen.@The variation law of elastic strain energy and total strain energy is similar to that of macroscopic mechanical parameters. The
parallel and non-coplanar fracture specimens form an energy dissipation structure between the fissures, and the coplanar discontinuous
double-fissure specimen forms an energy concentration area between the fissures, revealing the intrinsic reason for the relationship

between the elastic energy of different fracture types. @The coal burst tendency is analyzed from the two perspectives of the ability of coal
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and rock to store elastic energy and the ability to release elastic energy after failure, and two coal burst tendency indicators, elastic energy

storage rate and elastic energy release rate, are proposed. @With the increase of the fissure inclination angle, both the elastic energy stor-

age rate and the elastic energy release rate showed a trend of first decreasing and then increasing; when the fissure inclination angle was

30, the two coal burst propensity indexes both achieved the minimum value. The relationship between the coal burst tendency of different

fracture types is: non-coplanar parallel double-fissure specimen < single-fissure specimen < co-planar discontinuous double-fissure speci-

men. The distribution of fissures has a significant coal burst on the coal burst tendency of coal mass, and the factor of fissures should be

considered in the evaluation of the coal burst tendency of coal and rock mass and the prevention and control of rock burst.

Key words: coal burst tendency; fractured coal body; rock burst; particle flow simulation; uniaxial compression
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Fig.7 Contact force distribution of coal specimens with different fissure type
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Fig.13  Comparison of coal burst tendency of coal specimens with different fracture types

g5 LAk, SO ARG 1 2E AR | RE R R AR
FRCRRAE A v o A0 ) 1 AT R . X e
FER B i HA — R TR X, AR

1) 24BN . BRI 30°0T, o F2Y
BV IR M IR A 1 R, 28R R o 1 ) )5
PR e B2 T, e R 2L B AT R AR, 71X, 3k
AR SRR A X AT, o i e M B 55 . 17T 0°
90 ZLBR (A4, FE Tt A vh, B 7 R RE XY Ak
TR K- PRI, TEAR TR 24005 B 2 T, A
ST A 30°HT, w6 i Mk e 55, A R TR vh o
b A 6575 17T A 3 1 8 A0 2 A o o A 1 2 3 9 e
SRR SRR A 0°FN 90K, ks fui 1) M fe ik, AN T
il L BTG

2) ZBRA AR . 4T AL S A 2L,
T2 2 () 4716 N 7 42 R AN RE R BUR, S LL
BUAH Eb AT B R 1 ) 2R R A A RE R BE T, o
A, XA T AR 2B, T2
2 [ AH B B, SRR [0 B T AR, 7 X R i
FEHZEH, 5 B — LB AR b B AT AR X 455 0 ) 24
PR RE R I RE T, vhab i e 55 . B, X F
R T ATy R0 8 B2 32 T R R, T8 4 A 1) SR Bt
EARULE 7 i R 0 O P TR el 51 B s S A
JHE DA B A B e o 0 B 55, AR T o R Y
[ip e

42

5 & it

1) Z&BHFA T (9  W) 22 S B A - B
SLBAGTA B3 R, 0 i B R SRR A 2 R B A e
T/ ISR 3G R IR R 3 25 2L BB O 30°MF, 1 25 A
ESUNERIM N ESHPSUNIE S 2 ONIIP A
e AR P47 SR B < 2 Btk <2 i b 22
KRB o X Hea A 1 PR 2 g 4 734 1
UL, BE— B T R W12 52 R ) N e
A

2) d e 5 BB Ny WA ALk 114 2 v AR
A0 A3 A BE R AR M Al A S N A BE R AR
REMV AL 5 RN = 2 B P ATAR I IR Y
ZBRIEAE 2B Z (R T RE R AR HL A F, L i By
LB R B Z B T BB AR I, 88 T
AN [ B R R R/ N AR A IE LA

3) MBS IR RE A SRR RE Y RE ) R 5 Bl
PERERYRE 1 2 A BE XS il i i P2 A5 20 #r, 2 T
T L BE AR AT R AN SRR BERE R 2 A i A 1
Ebr.

4) ZREBUBTAL X By ol 1] A B S WA B
B A3 K, SRR REAR A7 R AN S RE R OR 3R
B S/ N E HE R B 2B D 30°0, 7
e e VAR AR AR e/ IMEL . AN [R) 2R oy



GEIEAE S BURRRE R FERIRAIE- 5 i s PERT S

2023 455 5 1A

i) MR/ NG 28 R AR TP AT SR B < B LB
A< R 2 AL IR o B 43 A7 T X
A oo AT o) R 0 2 S, R A % o
] PP AT o T B9 vV R — A R
5) H T R PR, oA 2 P 2 B o g e 4
R F GE AR, A Ja W ad sk D b 10 M 0 5K Y
IR AV S, S5 5 i DIRRAIE | 7R R SRR
TIEFIRS R 3 RUARAE, 3 N7 32 0o 000 1) 2 8 s 10 71
PR
S % ik (References):

(1] BERGE, BE, Ease, 5. KR i i PEAT T ki b i
JE N HE-BRT =BR[] R A i, 2022, 47(5)
1974-2010.
GONG Fenggiang, ZHAO Yingjie, WANG Yunliang, et al. Re-
search progress of coal bursting liability indices and coal burst

three elements mechanism[J].
Journal of China Coal Society, 2022, 47(5):1974-2010.

(2] W@RE, T F, BMER, % BT IRebd S8 shi#e ). 5
11712 5 TR, 2012, 31(3): 586-596.

PAN Junfeng, NING Yu, MAO Debing, et al. Theory of rockburst
start-up during coal mining[J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2012, 31(3): 586-596.

(3] BB, 20K, K . ehadifisii M S A LSS F RFIE A A
KR LI]. IR, 2007, 32(1): 64-68.

ZHAO Yixing, JIANG Yaodong, ZHANG Yu. The relationship

“ Human-Coal-Environment”

between bump prone property and microstructure characteristics of
coal[J]. Journal of China Coal Society, 2007, 32(1): 64—68.

[4] BFEIME, THER, W58, 5. FETIORIR HNE i A bk f e 14

AR IR DT (V] BEAR241L, 2014, 39(2): 280-285.
ZHAO Tongbin, YIN Yanchun, TAN Yunliang, et al. Bursting li-
ability of coal research of heterogeneous coal based on particle
flow microscopic test[J]. Journal of China Coal Society, 2014,
39(2):280-285.

(5] 3w, s PHF. A A AR BT S ik ) AR LA 2 0],
HA IS AR, 2003, 22(11): 1863-1865.

FENG Zengchao, ZHAO Yangsheng. Correlativity of rock in-
homogeneity and rock burst trend[J]. Chinese Journal of Rock
Mechanics and Engineering, 2003, 22(11): 1863-1865.

[6] WA, WEir, Xrese, . /KRS 1B it

6 ) P 9 R W [9). A A ) 2R 5 TR AR A, 2009, 28(S1)
2637-2643.
MENG Zhaoping, PAN Jienan, LIU Liangliang, ef al. Influence of
moisture contents on mechanical properties of sedimentary rock
and its bursting potential[J]. Chinese Journal of Rock Mechanics
and Engineering, 2009, 28(S1): 2637-2643.

(7] SR & 0, XINAZE. IRLEERZ R T A I k) K FLAs
WHLRIBTFE[T]. A 12 5 TR, 2010, 29(8): 1591-1602.
ZHANG Zhizhen, GAO Feng, LIU Zhijun. Research on rock
bursts proneness and its microcosmic mechanism of granite consid-
ering temperature effect[J]. Chinese Journal of Rock Mechanics

and Engineering, 2010, 29(8): 1591-1602.

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

E, BRERIRAE, FF 5B, 45, FUITxa G et £ ) 1 5 ol 141X 0
W5 [0, R4, 2017, 42(12): 3159-3165.
ZHANG Guanghui, OUYANG Zhenhua, QI Qingxin, et al. Exper-
imental research on the influence of gas on coal burst tendency[J].
Journal of China Coal Society, 2017, 42(12): 3159-3165.
LIU X, WANG X, WANG E, et al. Effects of gas pressure on
bursting liability of coal under uniaxial conditions[J]. Journal of
Natural Gas Science and Engineering, 2017, 39: 90—100.
YI X, FENG G, TENG T, et al. Effect of gas pressure on rock
burst proneness indexes and energy dissipation of coal
samples[J]. Geotechnical and Geological Engineering, 2016,
34(6): 1-12.
L B A L ARBEEA S 2 5 Loy
kAT 0], PP 2441, 2018, 47(1): 81-87.
ZUO Jianping, CHEN Yan, CUI Fan. Investigation on mechanic-
al properties and rock burst tendency of different coal-rock com-
bined bodies [J]. Journal of China University of Mining & Tech-
nology, 2018, 47(1): 81-87.
XIS 585 M. e 1) P R AR B8 RUSIS80N a5 ) [ 22 49 (). O
HRPEHR, 2019, 47(8): 59-63.
DENG Zhigang. Study on influencing factors of strength size ef-
fect based on bump-prone coal [J]. Coal Science and Technology,
2019, 47(8): 59-63.
SONG H, JIANG Y, ELSWORTH D, et al. Scale effects and
strength anisotropy in coal [J]. International Journal of Coal Geo-
logy, 2018, 195: 37-46.
GAO F, STEAD D, KANG H. Numerical investigation of the
scale effect and anisotropy in the strength and deformability of
coal [J]. International Journal of Coal Geology, 2014, 136: 25-37.
PRSI, BISCH, T, AF. R 1 2% ) S PEARRAE B 1
IR IE L], & A % 5 TR 2R, 2019, 38(4)
757-768.
LU Zhiguo, JU Wenjun, WANG Hao, et al. Experimental study
on anisotropic characteristics of impact tendency and failure mod-
el of hard coal[J]. Chinese Journal of Rock Mechanics and En-
gineering, 2019, 38(4): 757-768.
e, 3 58, TR, S5 B b i) 1 ) = BRAN 5T
(0], BRI AR, 2018, 46(5): 1-7.
HAO Xianjie, YUAN Liang, WANG Shaohua, et al. Study on
bedding effect of bump tendency for hard coal[J]. Coal Science
and Technology, 2018, 46(5): 1-7.
xR, AR, A5 TR AR R X AR o ) 4
SRR (D], SR 5522 4 TR, 2019, 36(3): 987-994.
LI Lei, LI Hongyan, LI Fengming, et al. Experimental study on
anisotropic characteristics of impact tendency and failure model
of hard coal[J]. Chinese Journal of Rock Mechanics and Engin-
eering, 2019, 36(3): 987-994.
SZECOWKA Z, DOMZAL J, OZANA P. Energy index of natur-
al bursting ability of coal [J]. Transactions of the Central Mining
Institute, 1973, 594.
GIL H, DRZEZLA B. Methods for determining bursting liability
of coal [J]. Przegl Gorn, 1973: 12.
SINGH S P. Burst energy release index[J]. Rock Mechanics &
Rock Engineering, 1988, 21(2): 149-155.

43


https://doi.org/10.13225/j.cnki.jccs.2022.0165
https://doi.org/10.13225/j.cnki.jccs.2022.0165
https://doi.org/10.3969/j.issn.1000-6915.2012.03.017
https://doi.org/10.3969/j.issn.1000-6915.2012.03.017
https://doi.org/10.3969/j.issn.1000-6915.2012.03.017
https://doi.org/10.3969/j.issn.1000-6915.2012.03.017
https://doi.org/10.3969/j.issn.1000-6915.2012.03.017
https://doi.org/10.3321/j.issn:0253-9993.2007.01.014
https://doi.org/10.3321/j.issn:0253-9993.2007.01.014
https://doi.org/10.1016/j.jngse.2017.01.033
https://doi.org/10.1016/j.jngse.2017.01.033
https://doi.org/10.1016/j.coal.2018.05.006
https://doi.org/10.1016/j.coal.2018.05.006
https://doi.org/10.1016/j.coal.2018.05.006
https://doi.org/10.1016/j.coal.2014.10.003
https://doi.org/10.13545/j.cnki.jmse.2019.05.016
https://doi.org/10.13545/j.cnki.jmse.2019.05.016
https://doi.org/10.13545/j.cnki.jmse.2019.05.016
https://doi.org/10.13545/j.cnki.jmse.2019.05.016

2023 4F5 5 11

#HEHMFHAK

%51 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
44

FEFLA, W R, ESCR . F T AT A SR 1) 10 R A B A AR
K], P Tl oAl (AR R), 2002, 33(2): 129-132.
TANG Lizhong, PAN Changliang, WANG Wenxing. Surplus en-
ergy index for analysing rockburst proneness[J]. Journal of Cent-
ral South University of Technology, 2002, 33(2): 129-132.

TKZE T I E G, BT, 55 IR A AR R A A
et (1], HEAEER, 2009, 34(9): 1165-1168.

ZHANG Xuyan, FENG Guorui, KANG Lixun, et al. Method to
determine burst tendency of coal rock by residual energy emis-
sion speed [J]. Journal of China Coal Society, 2009, 34(9): 1165—
1168.

WRTLE, B ARG, S0/NAL, 45, T RE I 3 ) 0 ol P i 5
HEFEBETE (). 54 J12% 5 TR AE 4, 2009, 28(8) : 1530
1540.

CHEN Weizhong, LYU Senpeng, GUO Xiaohong, et al. Re-
search on unloading confining pressure tests and rockburst cri-
terion based on enrgy theory [J]. Chinese Journal of Rock Mech-
anics and Engineering, 2009, 28(8): 1530—1540.

FEHE, BSCH, mETR, S5 T AR MR AR SRR IE A A v
FBU AR AR, A 5 5 TR, 2021, 40(8): 1559-1569 .
LU Zhiguo, JU Wenjun, GAO Fugqiang, ef al. Bursting liability in-
dex of coal based on nonlinear storage and release characteristics
of elastic energy, 2021, 40(8): 1559—1569.

ERGR, El R, 2R L ST R RE A AR A s e e A
18 AR AT P KR (0], o A D 2 5 TR AR, 2018, 37(9):
1993-2014.

GONG Fenggiang, YAN Jingyi, LI Xibing. A new criterion of
rock burst proneness based on the linear energy storage law and
the residual elastic energy index[J]. Chinese Journal of Rock
Mechanics and Engineering, 2018, 37(9): 1993-2014.

T ET A B8 e A 0 2 e 1) P
FE 1], B TTR, 2017, 22(5): 9-12.

WANG Chao. Study of coal seam rock burst tendency index un-
der effectively impact energy rate[J]. Coal Mining Technology,
2017,22(5):9-12.

FEALAS, ESCR. — R a B i As (). A e S T
FE2FR, 2002, 21(6): 874-878.

TANG Lizhong, WANG Wenxing. New rock burst proneness in-
dex[J]. Chinese Journal of Rock Mechanics and Engineering,
2002, 21(6): 874—878.

GONG F, YAN J, LI X, et al. A peak-strength strain energy stor-
age index for rock burst proneness of rock materials[J]. Interna-
tional Journal of Rock Mechanics and Mining Sciences, 2019, 117:
76-89.

GONG Fenggiang, WANG Yunliang, WANG Zhiguo, et al. A
new criterion of coal burst proneness based on the residual elastic
energy index[J]. International Journal of Mining Science and
Technology, 2021, 31(4): 553—-563.

WoRE B, =AM, ZE A S, AR AR e A6 1) P TR 454 4
BRI, BEBRAEHE, 2011, 36(S2): 353-357.

YAO Jingming, YAN Yongye, LI Shengzhou, ef al. Damage in-
dex of coal seam rock burst proneness[J]. Journal of China Coal
Society, 2011, 36(S2): 353-357.

HOMAND F, PIGUET J P, REVALOR R. Dynamic phenomena

[32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

[41]

in mines and characteristics of rocks[J]. International Journal of
Rock Mechanics & Mining Sciences & Geomechanics Abstracts,
1992, 29(1): A69.

SR, W, R, 5. LSRRI (] 4 5 i ot
I [J]. BEBRBLEATA, 1986, 14(3): 31-34.

ZHANG Wanbin, WANG Shukun, WU Yaokun, et al. To determ-
ine proneness of coal burst by dynamic failure time[J]. Coal Sci-
ence and Technology, 1986, 14(3): 31-34.

W1, Bk B, 2R R b I P S A S AN SRR
FE . BER2E, 2010, 35(22): 1975-1978.

PAN Yishan, GENG Lin, LI Zhonghua. Research on evaluation
indices for impact tendency and danger of coal seam[J]. Journal
of China Coal Society, 2010, 35(22): 1975-1978.

FRALL, EHEAR, W — 1, 4. SRR RO A B i it P A
SJLHRRFSE (1], AR, 2019, 44(6): 1726-1731.

DAI Shuhong, WANG Xiaochen, PAN Yishan, et al. Experiment-
al study on the evaluation of coal burst tendency utilizing modu-
lus index[J]. Journal of China Coal Society, 2019, 44(6): 1726~
1731.

SO, kA, AR, S S el AT ). A A
25 TR, 2011, 30(S1): 2736-2742.

QI Qingxin, PENG Yongwei, LI Hongyan, et al. Study of burst-
ing liability of coal and rock[J]. Chinese Journal of Rock Mech-
anics & Engineering, 2011, 30(S1): 2736-2742.

2R WL R O, S REAE R B R A RS
Vvt L], A0 1225 TR, 2015, 34(6): 1091-1100.
PENG Jun, CAI Ming, RONG Guan, et al. Stresses for crack clos-
ure and its application to assessing stress-induced microcrack
damage[J]. Chinese Journal of Rock Mechanics and Engineering,
2015, 34(6): 1091-1100.

KULATILAKE P H S W, MALAMA Bwalya, WANG lJialai.
Physical and particle flow modeling of jointed rock block behavi-
or under uniaxial loading[J]. International Journal of Rock Mech-
anics and Mining Sciences, 2001, 38(5): 641-657.

DEISMAN N, IVARS D M, PIERCE M. PFC2D Smooth joint
contact model numerical experiments[C]/ Edmonton, Canda:
GeoEdmonton’08 Drganizing Committee, 2008.

BAHAADDINI M, HAGAN P C, MITRA R, et al. Parametric
Study of Smooth Joint Parameters on the Shear Behaviour of
Rock Joints[J]. Rock Mechanics and Rock Engineering, 2015,
48(3):923-940.

ZESCHH, BRI, pe Ak, A5 A A e 4 S B S M HOG
HERIZ S 43 0] 5274, 2021, 46(S2): 670-680.

LI Wenzhou, SI Linpo, LU Zhiguo, et al. Determination of coal
cracking initiation strength under uniaxial compression and ana-
lysis of its key factors[J]. Journal of China Coal Society, 2021,
46(S2): 670-680.

XUBRR, Bz, XKL, 4. 51 B R R PR B 5T 10 Uk:
RIS (V] BEBe=EAE, 2019, 44(7): 2103-2115.

LIU Xinrong, DENG Zhiyun, LIU Yongquan, et al. Macroscopic
and microscopic analysis of particle flow in pre-peak cyclic dir-
ect shear test of rock joint[J]. Journal of China Coal Society,

2019, 44(7):2103-2115.


https://doi.org/10.3321/j.issn:0253-9993.2009.09.003
https://doi.org/10.3321/j.issn:0253-9993.2009.09.003
https://doi.org/10.3321/j.issn:1000-6915.2009.08.003
https://doi.org/10.3321/j.issn:1000-6915.2009.08.003
https://doi.org/10.3321/j.issn:1000-6915.2009.08.003
https://doi.org/10.3321/j.issn:1000-6915.2009.08.003
https://doi.org/10.3321/j.issn:1000-6915.2002.06.022
https://doi.org/10.3321/j.issn:1000-6915.2002.06.022
https://doi.org/10.3321/j.issn:1000-6915.2002.06.022
https://doi.org/10.1016/j.ijrmms.2019.03.020
https://doi.org/10.1016/j.ijrmms.2019.03.020
https://doi.org/10.1016/j.ijmst.2021.04.001
https://doi.org/10.1016/j.ijmst.2021.04.001

	0 引　　言
	1 裂隙煤体应力&#8722;应变曲线特征与能量耗散分析
	2 含裂隙煤体数值模型的建立
	2.1 PFC数值模拟方法
	2.2 细观参数标定
	2.3 模拟方案

	3 含裂隙煤体不同裂隙分布的宏细观力学 特征
	3.1 宏观力学特性
	3.2 细观力学响应

	4 含裂隙煤体能量积聚、耗散特征及冲击倾向性分析
	4.1 含裂隙煤体能量积聚、耗散特征
	4.1.1 不同裂隙煤体试件的弹性应变能分布特征
	4.1.2 不同裂隙类型煤体试件的能量积聚与耗散特征

	4.2 含裂隙煤样冲击倾向特征
	4.2.1 冲击倾向性指标的提出
	4.2.2 含裂隙煤体冲击倾向性规律分析


	5 结　　论
	参考文献

