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Study on difference and control factors of coal and gas

outburst disasters in Huaibei Coalfield
WANG Liang'?, ZHENG Siwen"*, ZHAO Wei’, CHEN Dapeng', ZHU Zibin"*
(1.Key Laboratory of Gas and Fire Control for Coal Mines,China University of Mining & Technology ,Xuzhou 221116, China;
2.School of Safety Engineering ,China University of Mining & Technology, Xuzhou 221116, China;
3.School of Emergency Management and Safety Engineering, China University of Mining & Technology—Beijing, Beijing 100083, China)
Abstract : Huaibei coalfield is an important coal resource development base in China, and it is also one of the most serious coal mine gas
disasters in China. In order to master the gas occurrence and disaster characteristics of Huaibei coalfield, the gas geological characteris-
tics, outburst disaster differences and the main controlling factors of Huaibei Coalfield were systematically studied through the methods of
outburst disaster case analysis, gas geological parameter statistics and theoretical research. The results showed that Huaibei Coalfield is lo-
cated in Xusu arc—shaped structure circle, the network fracture structure is Crisscross in the coalfield, the maximum structure density can
reach up to 51 bars/km”, the maximum coal seam gas pressure is close to 6 MPa. Some mines have serious magmatic intrusion, and the

occurrence of gas presents a “bipolar” distribution. Coal and gas outburst accidents occurred in Huaibei coalfield were mostly concentrated
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in the Suxian Mining Area in the high gas zone, accounting for 57% of the accidents.The coalfield as a whole shows a gas occurrence of
“high in the south, low in the east, low in the west, and highest in the southeast” distribution characteristics of gas disasters. The
coalfield experienced multi—stage tectonic movement, the local regional structure distribution is very complex, and the in—situ stress dis-
tribution is abnormal. The thermal evolution of magmatic intrusion makes the micropores development of coal and the ability to absorb gas
is enhanced. The trap effect of magmatic rock is the underlying coal body. The gas preservation provides good conditions, making the coal
seams in this area prone to coal and gas outbursts. A total of 15 accidents in the Haizi and Wolonghu Coal Mines occurred in the thermal e-
volution area under the magmatic rock. Some coal seams in the coalfield are thick, such as Luling extra thick soft coal seams with a thick-
ness of more than 10 m. The roof and floor of coal seam are mostly mudstone or siltstone with poor permeability, which effectively inhibits
the escape of gas in the coal ; the wide distribution of II—V tectonic coals is conducive to the generation of gas in coal seams; some mines
have been extended to —900— —1 000 m, with the characteristics of large mining depth and large in—situ stress.Research results provides
support for accurate prevention and control of gas disaster and safe and efficient mining in Huaibei Coalfield.

Keywords : Huaibei Coalfield; coal and gas outburst; gas geology; disaster difference; control factor
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Table 2 Statistics of outburst dynamic phenomenon in Huaibei Coalfield
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Fig.2 Gas zoning and main outburst accident distribution in Huaibei Coalfield

78



F eSS R IR U 22 S A A N R A

|

www.chinacaj.net

2020 435 10 HH

AR, XF L5 H B0 7 B4 e A AR R RIAT Ay W]
IR B, KAR 5358 8 1) B4 & A= 7E 2000 4F LA
(H3t 84 k), FE i T2 I R M ) R KA R
FH EC I R it 52000 4F- L) A B9 28 H sh Bl e 4 vh
FEAE B ANIG e X, H S BORAA K, 58 I AT RC
Wit A BB AR O, 28 i 3h ) IR G % AR b s i BRI
A @3N, 32 5 02 T R B | LT IR B R RN
EHKTFA X (K 3), #EA 2010 4 LU, B A
K FLH IR B AR 2% 25 A4S BEOK S $2 1 I I
BEARKAERN N IS,

35- 2000 FLLJE

5 RN
= T EAT X M 2000 4F LLAT
Hosh

WA X

ey X

IO (N S N < ]
R = E & k& K
]
3 #AEELH R A AEH
Fig.3 Comparison of dynamic phenomena of gas
outburst in Huaibei coalfield

A 3k XoF F BU 3T b SRR AE RN BC 3T 3 O E 1 5
TEoAT AT DLk B, W0 Y 3h ) 0 kA LA
T )28 ) 3 AT REAIE 5 A5 T P 1) B 22 b 5 2% 12 4% 1)
FAOG BRI 2 JUAR AR B PO IR AR P e e
AR BL T 7315 B2 5 Hh G B M I A AL
22 EIEHEESRHIRHREE BIHFE

H1 T 22 01 i vt Ak, (A v T AR P 1A 5 R 3
WRAF A AE 5 A PIARAL” R AE (3R 3) , Horh &2 Ze it
it CER AR IR B B M R A
PR BT B2 B 9 S o T (AR
MEPCBER™ 45 ) | T 230 I 0T SR b 52 2% 1 15 B, FU 3
RN

S 98 R A0 AR B0CH R A D 2
Wb FEAE 23 AT, BT LAk BRI L AR % A 1 3t Rk
F A HA LT RHIE

1) S B S LG 22 S AR b BT A 38 2 Ak 8
ity 7S e B e S e A AR X, P R 2 8
SO WL A IR A Y 26 B F A 8 ik
AT TR A R O AR R T R AR Y 6 R
A5 AR A b S5 R 3 T R I 5 Y AR R

(5 HH S 140 2 A A o SR 1A R A R ) 5 T
X,

2) 5 H Sl R A A B B R TR B R U R
JEE R AR SR | T PRI i A R RE A, Ot AR
B, R R R A E S R TE 0.2~ 0.4, B/ MEA
0.1,

3) M Z T AR LAV A a3, TR
Z N IBE B ARA A

4) RINFMEZ R AT RS R b, 2
S FERIE FEITE 150 ~700 m, 28 7 450~ 650 m,
Hor 8.9 JRJZ & AR W Fldti ™,

x3 EERTEFWRL"SFEST L
Table 3 Comparison of 'two polarization"

characteristics of coal seam occurrence

HIRREZE 5 H JRUIGS: vl 5 H RV A
BT 2 5% 51 Z5/km2( 04) —
L A AT (L
*A i AR > L FIX jﬁ‘ oy
. i G A% o
5 B STk
LT E S S A ) 0.10 MPa i
R 5.31 MPa( Bkl )
WAF R Jes (B, b GBS AT,
P 8 HE) A 10 )
PERIERE >10.0 m( 204 8 ) <1.0 m
P2 1 [
; N 0.1 1.0
HEA EZ vl >
)
P 15
R TEARAE (W TN ) S
i
P21 TGS L (4 g

3 RERHRHEFREE

L2 LT A A 32 8 52 b ) i JE TR E | R
FBIER RSN AR TR R AR R R A g
REEE AR Z TR R X, Al
SRR LR AR UL R 2R e A ez B
TN GE AN ) | BT A R S5 40 25 5 VR
FIZERT D YRS A« =R R SHHE)2 R
HIRAF A A5 1 B BAR G, — Mo o b o 44 3t 2 7= A
P I8 7 T F 3 ™ ) B2 2R 1) I 2
EREIE XTI BU T A7 fih A6 3] S B FH i 3L g R i
PR 1 I 5[] — b Jo 2% A7 52 PO 9 3 A AR 3
WK
3.1 HIRMIEES

M BTG i R S U R i R R R 2
— o T B AR R BT A Y RN T Yy
A PEHE TR R A B R A 2 T
TE ) JRy B DX S 1, 7 A 455 FR N 7, L 3 PR i

79



2020 55 10 1]

www.chinacaj.net

%hEMFRK 486

ST U 5 FUT 98 R A AR 3 X AT L
AL TR IO F 1 Fel P ST Ay 1) 1000 8 52 5%
FTH AR B 4R vty | B vl A T B B SR AR A
A, XA T2 50 B 5 R R R 0 5 R TR
e I A D SIS T 7 5 0 2 e JRE ™, S FE PR
RTINSy A= I (AP CINR S S L A T
AR Z 2 R 32 BN ) B e A A3 UM FRAIG, H BR)
PR FL AT o S DR (1 4)

SRR IR T RN ST DT, (e b
Wi LA , = T 2R DL 2R B9 e e A0 1 EL A7 X DORR
JZ TR, O U AR A BRAIE T 2R s iR LU L

30r
27

3]
S
T

b2 B /(%% - km ™)
S

0.4 0.2 0

T (k™)

i
(a) TR F MW

WAL VR SONEENT BRUE IS
W R

FIRD I P A DX = s BT 288 LAY £ BH A DX I AR X
ThEZF M, U S THOR . BDSORI 231 540
R V4 Y 1 00 b A S 89 S 2 gt L Hh S0 A
L RLHESI R s 12 B A A , i BB DX L Py 7 2
ey o T I e X0 2 e T kM T R e
WAL B XK B AR R 1 B AT X R
F L AN AT IR A R, A
HH R S A2 TSR R I T R 5 S R 1) A Y R
M, ARV SRy e v A, AT A T R I TR A

Ol marx i s R
51 i COTX

so0f | |

40t

30+

20

S

S

75 S B Y P R TR R X (S
B USRS R b E
55
It
(b) HEALIEH

B4 E £ B0 A 40

Fig.4  Structural density statistics of major coalfields in China

R 13 R K- T 0 g e R 3 R A K
SPAE T I 3 X e JE A T AR BS54 il
PEFT, e rp o 8 JE 4 5200 d5e K 27K 7 I8 41 (SE J7
[]) Sl B ST 2.5 A5 S i R TR
SR 3B EAE T 20 DK AR s R 3 N T DR SE T B
W T HIAFAE R Al B2 TU T I 7 A8 A BE T
TERTHKEHE
32 EREMMTE

WEACIREFH Y 8 3R A 2 32 BN S s A L
1B BT T 5 2% BIAR 3 AL, 4] 2 2t 1 30
HRETE DX A SR Bl 55, 3 B0HE 7 ek 48 W 6 7 19
PRI AR B 23 4 i I W SR A M — g BT W SR [ A
EIE TG RS IRIERTCHRIE TR f 73 A
X, ZEMES U5 R BRI, A AR AR
DR 55 B3 28 1 i F s DX A — 07, A
R AR TR AR T BRI FI 3085, AR
VERT B AR TR 1 HEAY 5L 0AR 20 2R 58, (7 A
P DA T2 A2 T BE S TR AL A 77 AR IR
RS S FO e N R RIS
XHREEAERIVE N 5 B, BME RS % A0 3

80

R F LT o KA 1 30 m B B AL X
P RO K A 12 YO R S 8 e A
FESFYIREEE 120 m M ELJRA IR T eAh, 4
JEB SR RBOR IS, 555 R il R R 2 WAy
ot 5 BRI B SR R s A A 2 I P B
Wi/ BRI RN FLATR Hh R AR

I PR 2 4 1
N3 ~ N a5y

EIR

iz |
1
IR 5 X
BS5 2¥EAWELEHERNTE
Fig.5 Magmatic rock controlling coal seam

3.3 HAERREX

HHr, 3 EA 2 50 X H IR E R E] 1 000
m LU, B A A Ok 20 4F 3R AR £ 050K 0E A
1 000~1 500 m AYEREE > BEE T I RIEEREE 1Y
N, R WA PR A7 i U, 7 b TR e L



www.chinacaj.net

TSR WA VRS FUI 2 5 22 S MR A ] P R T 2020 4E57 10 b
7J(EE/(J5|:$)\J_:T\ s —gﬂiﬁﬁcﬁﬁﬂ Y':PT—_E‘:[:&E \iﬁgﬁg%ﬁ 7001 =20004EHT ik P
Geily MK B MR 2 Wl oo 200EEER e
N v W= - . e oy = S00F ° bR NP
Ze A TF R VRS R MK, 75 W 5 5 A 500 i-590m
KRS G I BT A B T 58 fE I K P TR ( ) K 200 ; " Pr——
100 + . ¢ =
6)0 0F - -'-.--pr-'-’.r‘; A
100 “IPRACTRRE  JEH S O R bR -100 200 300 400 500 600 -700
© JE IR i TRE —8RE —oliE bR /m
— - 140
Eos00f . — - ol FEthALEEE~0 m i
E - - 5 S R RAE N TR I
4@_700_ 1280 m . - 250 m 50m
i 310 m llZOm : - = 90
-900 300 m ::;ﬁ .
i 3 60
1000 & - -
BRED™ T AT RALERT fREEET R 30k
e .
0

Mo #FHREAFRREAER ERFETE
Fig.6  Mine extension level and upper limit

elevation of outburst risk area

BEAE TR TR 1 1, 2 T 4 I Ty BRL T
N SRRSO SR B SR R R S R fE R
PR B ™ B R A BT, 9 Y R RE R, R
RERBIGE M BT (7 Y L 9] B R R, 5 Y 3 i Y N B
(e i CRTEE YIS

XFHEACHRE I A B LI Bl ) R b v 5 5
PR AT A B, 2000 AF LU 9 e Hh & A2 7E - 500
m AT, B T SRR BE B RGN, 5 Hh A 288 1) R R
Jee, o i ) EIRWAEA W TS (K 7a) o FIE
B 8.9 MR A TR AU BN, 58 H FHEL A 258
HERE BRI MY R BB TS R (18 7h)
34 BEEESME

AL 25 2 TR Al M BT, R 22 i SR
ZEREE BRI A, Y E TUE UM 25 A B TL A %
B A PUT R B SR B T R AR EREE DL IR
8.9.10 MEZ A, 8 MEJE 5 9 M2 R FHHGT (#5 IX.
WA R R Z B e, FOIT AT DL E AR
7,8 MR TNCATE AR & b Blle &, v 22,
TEHL T BRI RIR 15 )2, 8.9 MEZ 1 FUIT Rk A7 42
BET SR, T 10 2 TR TR b T A AR R
BANESF, J2 10 BEZ FUT R o) 2l IE |, 220 18
KAYHTE L, 10 K82 N FC ) Fa il s 8 .9 2
([ 8) R T IX N 8.9 MEZ FUlT & i, ik i
Rt R T 10 BE
3.5 HMEHRESM =

HEJLHE T N2 TUR R 2 e b 45 o
FERARB AR, AR TR SRR R X e

330 36IO 3I90 42IO 45IO 47IO
TR /m

(b) ARMAHE R 2% R 5 R B R

B7 RAMFLIERRRATE
Fig.7 Relationship between gas occurrence and buried depth

BEAMZE =

EEEEEREERREEEE )7 = . 1) )ie A
WA

s WE

sz I
IR ZE

102
8 F W E RS2SR

Fig.8 Differences of roof and floor slate in Luling coal mine
TR RD 5 6 [ 9 IR AR 25 ) 18 32 4 1 i SR OF iR
CRRE A A SEHT R BT ML B 5T T I A bR
(B IR RO 0 20 ) ) K AR R e R 26 7 43y 5
P H I IV, V 2RI R 2 AT 8 A
Bk BRI R B T 5 A R AN [
JERRIARBIR R F . ER AR s Rl G AR
MRS B i, AR FLIR G B R, FLEBR 2SR
HEOR PSRRI PR AR B 30 194 WA BA R 7 38
50 WEIRIE 2 i 2 kR ZL R A2 B, 2
ZHAE MR 1 AUET 86 RIX 7 M2 S hNa K A
FRATHE W RE 3 1 ) 52, 7 B2 50003 J2 SRR RN
A5 OIS H I 8 B A AR AL (18 9) , SR
BB 5 & PR URE R 22 J2 Il otk N R0 a7
BEIRTE 7 FRE R L K3 /N R BE )RR R R Ay, )22 B
FITPY A ZEBE AR  TIOK 2 400 55 7T LA & 2R, 4
R T T A RELRE L T B AR R ) A 4
81



2020 55 10 1]

www.chinacaj.net

# 2 A F H K 5548 4

/N LR B A A 24 B0 5 U L E
TIE AR IEVA REAS DRI fit 1R A AR ) B30T , e ) 5 BB M

ATHK2 4001
M9 #H7 86 RXTHERHRKEHEAETE
Fig.9 Picture of electron microscope of No.7 coal samples in

No.86 mining area in Haizi Coal Mine
4 & it

1) WAL ARE A 43 1 SR A4 36 P A, 8 FH P A
WA A AR 2 AR RS2 L Py
T ELITRAT S B < e GG AR R PG AR T R A
1 R Ry, 28 R I R 28 s S Ol & A A v B
R R IX

2) WAL 2 A 1) B 3h R S R A A A
T B0 X s e DX DA B X AR i, Herp i B
WX EAEMKES R s S ik 57%,
R E W A FRAE 5 BT R AE 2 A R AE AW 5 B
Wi g g 22 v 5 IR WRAF IR AL A o6, I 2
R ST 2 M XU R A R, 58 A B P vy

UL W R %A s R E A
UM B 07 2 985 B ol 27 4%/km?, HHp R 04 1R 1 b
JREREIRF] 51 Z%/km® | B 2% b IR s T A 0
T o 7 AR T DX 5 1 R B A A 5 B
WA AL X IR AL & T, WA RE 3
SR, A e A BRI O FUT R 3 5 &
X3 — s FERIEEERE N, 300 HIEBOK T B 4k
-900—-1 000 m, UK F KAz 1 R FOR 38 J3E i 2%
B B2 TN 22 LAYR o0 =8, % BU YT kS 31 3 A 4

82

M 2 iE iz s S BUE M N IT— V M8z
oA, LT 2 R T E T IR A58 X LT
RIS TUIT O 9 T R AEAF AR BOR A 25 54

£ % 3Lk ( References) :

[1] CAI'Y,LIU D,YAO Y,et al. Geological controls on prediction of
coalbed methane of No. 3 coal seam in Southern Qinshui Basin,
North China[ J]. International Journal of Coal Geology,?2011, 88
(2-3):101-112.
[2] PASHIN J C . Hydrodynamics of coalbed methane reservoirs in the
Black Warrior Basin: Key to understanding reservoir performance
and environmental issues [ J ]. Applied Geochemistry, 2007, 22
(10) :2257-2272.
[3] KARACAN C O,RUIZ F A,COTE M, et al. Coal mine methane; A
review of capture and utilization practices with benefits to mining
safety and to greenhouse gas reduction[ J]. International Journal of
Coal Geology. 2011,86(2/3) :121-156.
[4] ZHU G,GU L,SU J,et al. Sedimentary association of alternated
mudstones and tight sandstones in China’ s oil and gas bearing ba-
sins and its natural gas accumulation[ J]. Journal of Asian Earth
Sciences,2012,50.88-104.
[5] ZHENG G,MA X,GUO Z,et al. Gas geochemistry and methane
emission from Dushanzi mud volcanoes in the southern Junggar Ba-
sin, NW China[ J]. Journal of Asian Earth Sciences, 2017, 149
(6) :184-190.
[6] Mm ¥, EigHE, 4R, & By il pivE 2t 5 TR MM
[M]. B PSR A, 2010.
[7] WANG L,CHENG Y P,LIU H Y.An analysis of fatal gas accidents
in Chinese coal mines[ J]. Safety Science,2014,62:107-113.
[8] CAO Y,HE D,GLICK D C. Coal and gas outbursts in footwalls of
reverse faults[ J]. International Journal of Coal Geology,2001,48
(1/2) :47-63.
[9] WOLD M B,CONNELL L D,CHOI S K. The role of spatial varia-
bility in coal seam parameters on gas outburst behaviour during
coal mining[ J]. International Journal of Coal Geology, 2008, 75
(1):1-14.
[10] &FJes BHm T, £ 52, 5 M5 Z 2 LSRR 52 i)
WHE[J]. hE% R E iz, 2011,21(2) 1 121-125.
SHU Longyong, CHENG Yuanping, WANG Liang,et al. Research
on influence of geological factors on gas storage in coal seam[]J].
China Safety Science Journal ,2011,21(2) ;121-125.

(1] & 25 3R, M e X B 5 B g th i 4 Ve T ]
AR ,2010,35(7) < 1125-1130.
HAN Jun,ZHANG Hongwei. The controlling of tectonic evolution
to coal and gas outburst[ J]. Journal of China Coal Society,2010,
35(7) :1125-1130.

[12] B 5K, £ 58, MO X BUT e ) B 28 1 R i 45
TIVERBFE[J]. R0 5 % 4 TR %4, 2013,30(3) : 408~
414.
CHENG Yuanping, ZHANG Xiaolei, WANG Liang. Controlling
effect of ground stress on gas pressure and outburst disaster[ J].

Journal of Mining & Safety Engineering,2013,30(3) :408-414.



+

SEAF EACHE R 5 FUI o K

F 2 AN R R AT

www.chinacaj.net

2020 435 10 HH

[13]

[14]

[15]

[17]

[19]

[20]

[21]

ZE BB . W AT BUT S 5T R 2 43T 5 B
L1 BEBRAR ,2007,35(1) :19-22.

LI Wei, LIAN Changbao. Geological factors analysis and
prevention of coal and gas outburst in Huaibei Coal Field[]J].
Mining Science and Technology,2007,35(1) :19-22.

WANG L,CHENG Y P,WANG L,et al. Safety line method for
the prediction of deep coal-seam gas pressure and its application
in coal mines[ J]. Safety Science,2012,50(3) :523-529.
JAHT T2k, SRR LT S AL AR R AT . R
R, 1990,19(2) 411

ZHOU Shining, HE Xueqiu. Rheological hypothesis of coal and
gas outburst mechanism [ J]. China University of Mining & Tech-
nology,1990,19(2) .4-11.
TRE DL, T R AR
%,2007,32(3) :281-284.
ZHANG Yugui, ZHANG Zimin, CAO Yunxing. Deformed - coal

M ST ()] B

structure and control to coal —gas outburst [ J . Journal of China
Coal Society,2007,32(3) :281-284.
i AR, WOB A= bSR3 X5 B3 5 4 o 4 FH A F 5
PUIR S % SR [ 1], 0 B TR 244 ( H AR
2009,28(1):1-7.
HE Jun, CHEN Xinsheng. Research state and its development
trends for control function of geological structure to coal and gas
outburst[ J]. Journal of Henan Polytechnic University ( Natural
Science) ,2009,28(1) :1-7.
JEAHE, 22 W, VERAR, A5 L b DXk 3 AR B H XA
PRI )] . P E s LT, 2008,20( 10) :34-37.
QU Zhenghui, JIANG Bo, WANG Jilin, et al. Characteristics of
tectonic evolution and its controlling effects on coal and gas in
Huaibei area[ J]. Coal Geology of China,2008,20(10) :34-37.
ARDEH. R RAUAEFN LI 5 B ML B A A S R[] P
YRR ,1997,7(6) 1 18-24.
ZHU Xinshan. Geological conditions and cause of formation of the
especially big coal and gas outbursts[ J]. China Safety Science
Journal , 1997 ,7(6) :18-24.
£ RIETY B B KRCE XRR LR B
G R ERW ], P E A K224, 2011,40 (1) 129~
34.
WANG Liang, CHENG Yuanping,NIE Zheng, et al. Effects of an
extremely thick igneous rock on gas occurrence and outburst dis-
asters in a coal seam[ J]. China University of Mining & Technolo-
2y,2011,40(1) :29-34.
BRI B, ST, S, AR A AR it DX R 20
FEREERTFE (1], 02242 ,2012,43(12) :15-19.

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

CAI Chuncheng, CHENG Yuanping, WANG Liang, et al. Study
on Gas Occurrence Law in Magma Erosion Area of Qianling Coal
Mine[ J]. Safety in Coal Mines,2012,43(12) :15-19.

WANG L,CHENG Y,YANG Y et al. Controlling the effect of an
distant extremely thick igneous rock in overlying strata on coal
mine disasters [ J ]. Mining Science and Technology, 2010, 20
(4):510-511.

JIANG J,CHENG Y, WANG L, et al. Effect of magma intrusion
on the occurrence of coal gas in the Wolonghu coalfield [ J]. Min-
ing Science and Technology,2011,21(5) :737-741.

ook, Rei T EBEEREMT]. #IRkFE, 1996, 21
(3):311-319.

YANG Qi, WU Chonglong. Coal metamorphism in China [ J].
Earth Science,1996,21(3) :311-319.

WIRPE A BEARA, 5. R IRIRTT R 55 W BRI SR IR 1
MBS 5 (V). BEBF,2012,37(4) :535-542.

XIE Heping,ZHOU Hongwei, XUE Dongjie, et al. Research and
consideration on deep coal mining and critical mining depth[ J].
Journal of China Coal Society,2012,37(37) :535-542.

TR, X &, e, AR R TR R B R ) B
ARBUR I R[], HuERY) FE2E 3 ,2007,27(2) :586-592.
YU Jingeun, LIU Zhixin, YUE Jianhua, et al. Development and
pospect of geophysical technology in deep mining[ J]. Progress in
Geophysics,2007,27(2) :586-592.

T, WA 2R, 4. KA R AR IR 1], A

A F1% 5 TR ,2005,24(16) :2803-2813.

HE Manchao, XIE Heping, PENG Suping, et al. Study on rock
mechanics in deep mining engineering[ J]. Journal of Rock Me-
chanics & Engineering,2005,24(16) :2803-2813.

JAZAR R 2 Y- SR N T A A 12 AT RS
HERELI]. J12#3k %, 2005,35(1) :91-99.

ZHOU Hongwei, XIE Heping,ZUO Jianping, et al. Developments
in researches on mechanical behaviors of rocks under the
condition of high ground pressure in the depths[J]. Advances in
Mechanics,2005,35(1) :91-99.

ERHT LR, Biin S Tz s anni i M. Jbat Bk T
b RRAE,2019.

TR . A A SR T 31 DX R g 20 A 4R AT X PU3
I REEFIERLD]. M APEE R, 2015.

GUO H,CHENG Y,REN T,et al. Pulverization characteristics of
coal from a strong outburst—prone coal seam and their impact on
gas desorption and diffusion properties[ J]. Journal of Natural Gas

Science & Engineering,2016,33.:867-878.

83





