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Abstract: The abrupt change area of coal seam dip is one of the complex geological conditions that significantly increase the risk of
coal and gas outburst during deep mining. Using a mine in Pingdingshan, Henan Province, as the research subject, we conducted
experimental research to simulate coal and gas outburst under various inclination mutation conditions. An interface with a dip
mutation was established, positioning raw coal on the upper side and type coal on the lower side to emulate primary and tectonic coal
seams, respectively. The initial angle( &, ) of abrupt change in coal seam dip, the abrupt change angle( 6,, ), the critical value of the
abrupt change angle( 8, ), and the gas concentration coefficient(/,) in the abrupt change area of coal seam dip were defined. The
above parameters were used to analyze the effect of abrupt change in coal seam dip on the intensity of coal and gas outburst. The unit
outburst intensity(/; ) was introduced to characterize the strength of coal and gas outburst during the test. Acoustic emission
technology was employed to monitor the energy evolution pattern during coal and gas outburst, while temperature changes in each
area were recorded using sensors embedded in the sample. The findings of the study indicate that: (1) The abrupt change area of coal
seam dip significantly impacts on both the critical gas pressure and the unit outburst intensity during coal and gas outburst. There
exists a critical value( 8, ) of the abrupt change angle in coal seam within the range of 10°<6, <20°, 10° < 6,, <20°. When both

6, and 6,, exceed or are equal to &, a low-index coal and gas outburst becomes more likely to occur. When 6, or 6,, is fixed,
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the unit outburst intensity in the abrupt change area of coal seam dip increases as the gas concentration coefficient( /,, ) increases. (2)

A negative correlation exists between 6, and both the peak and cumulative AE energy. A similar negative correlation exists between

6,, and both the peak and cumulative AE energy. As both &, and 6,, increase, the energy required for the coal body to reach

rupture and destabilization progressively diminishes. Under identical geostress conditions, this phenomenon facilitates coal and gas

outburst even at lower gas pressures. (3) Notable temperature variations occur within the coal body during the incubation and

excitation phases of coal and gas outbursts. Temperature changes in the abrupt change area of coal seam dip are significantly higher

than in other zones. Temperature fluctuations in the proximal region of the outburst vent show greater instability than in other

regions.
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Fig.1 Coal and gas outburst simulation test system
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Fig.4 Coal dust collection bag

R M SR A TS A T3 Sk T BRI,
BB E AR U RAZ X p R T A T RO W]
YR LK 5()~5(d), BEEREMIIHEAR
RGO IR . T R A S A R AR R

TERME, VLSRR 2 S TR E K
AR A B I SRR AS S5 7E 98 55 TH AL AR 1 285
R, X EE RO A Rl LUKEE 10-30
i, S g X AR S T 4 RS =5 mm [
B CILE 5(e))s #ETERTEE (0.45~3.45 m) JEH
JEFEN 9~12 mm PATF-4& T8 B R R RS 450/) (I
WoRE, HERmMEARZ M HB S BRI S
B (L 5(6); BB (3.45~9.45 m) Mk
HEFAEE N 3~6 mm, BAEERTBCA AT NFE, /ML
RN I 2 HH R B 0 3 i e g b, RABURL IR o
ez (L 5(g)); HBIEAREL (9.45~12.45 m)
P HERR A 1~3 mm, I ORI o5 L
i R 2 JT KR (LB S(h)), X2
FH T30 43 /RS A 52 723 SBE 5 A 3l B RE O TR
PERTDIRE S EU . BN H R IA VAR IR A 1
R 3 AR AE 5 AT R I B FT K 3 3 W ) &5
RETHWIA .

(c) EE 20-30 ZEHHT

(e) RiiH

(H BEATE

(g) BETE (h) BiEAKB

Bs5 HE5RAFRERBAR

Fig.5 Phenomenon of coal and gas outburst test

3 RSHEEE

3.0 BEGUE RN R R R AT

FESEBR R I, 38 R T AR A
EAF TR R IR AR AE,  ESR SR R I
W L A . SR, TSR
R RURE AR BR A JC 2R FH A ED bR v 5 T 5
FEXTRE, R, 25650 N FRRARRE, 5] N AL
HH 9 8 FH TR A B A A R HH R

M
I, =2 (1
Mfljcr

At I NBAIRHEE (MPa ™) M, R
& (g M NRIBRSEHEE (o5 P AR
HES (MPa),

& BRI RAWIIR A TE N 6, , RAMEN
Oy » FEMIGTAEN 60, « SZHEEAT A IR [X Hh T
PTG BN, SR bR AR . NS A



1724 et +

yal 2% 2025 4

LRI MEREERAEAAAEZ S, S E R R, 4
B 7% R RAZ X AR B B K B E L
5E ST FLHE U RAZ X e 24 F LM TR R
TR AR 5 H 9 PR 34 R T 520

I,= (2)

e 1, N LR RAE X H) A R 80((° )/ MPa).

HE 6 ma, 4086, e, I,51,2I1F
MR R, HM0, 5 0, K THET 6, irix—I
FHEANEFE., 20=30°K, 6,=0°. 10°. 20°.
30° R R AL SR 5 EE 230 0.244 31 0.259 9.
0.400 5. 0.419 5 MPa™', 4, =10°. 20°. 30°ilff
F AL T H 9B L 6, = 0° 2l KT 6.39%.
63.94%- 71.72%. UiMIFEM RN T 26T, RAE
PR R (AR B ) B B OB A 2, 1T RO AR R
HH R 32 RE BRI, AR 2 Hh IS A S5 R
il R SZ R AT A AR A K . BB 6, R,
0 A R AR DX B S0 P B T T R e, R
BB B BRI, HRAMA T
LRI BB R RIE IS I, WS 5 32 40 S sl
M AT A 2R R

35 L LR
B TR
g 30 - ORI K
= 25 '
=
= 2.0
o 15
510
©o0s
0.0

20
oV

8

PR

’;‘Q’\\

K 20
A _Q\,;//J:?_f{") 30 30

Bl6 ZRimis A LA E /)

Fig.6 Critical gas pressure of coal and gas outburst

BL TR M0 £y 988 (X R TR R B B 98 H 5
KRR 3 fE 7,

I, =kl,+b (3

e kNRIE; b oAEGE.

HE 7 50 3 w4, 1,51, R RAH,
R kACRR A G REE, HAEB NS R AT
R b AT R B R/, FAE ORI 9 FEHOR,
HX—UREG 5 6, ¥R TEHET 0, W HEREE.

26,=10.20° . 30° IR & 7271109 0.033 4.0.013 4,
0.0050, 6,=10°H] kAE7 54 6,=20° % 6,=30° 1]
249 £ 5 6.68 fi5; #E b 41524 0.095 8. 0.115 2,
0.193 1, 6=20°56,= 30°%:6,= 10° 2RI K T
20.25%5 101.57%. Rk, 1, M2 RAR X 5=
R PE IR ERER A T — & B FRIR A H -

030 w g=10° e 6=20° a 6=30°
045 |
Iy = 0.033 415+0.095 8

I

€ 040 L R2=09735 “

2

@ 035 |

b Iy =0.005 075+0.193 1
E o030t R2=0.9847

ECS

i:_]

=

0.25
— 5 Iy=10.01341p+0.1152
0.20 R?=0.992 1

0.15 1 L 1 1 1 1
0 10 20 30 40 50 60

FLITLEM A A X R To/((°)  MPa™!)

B 7 BLEEMAREXES RS RARINGERE R RE
Fig.7 Relationship between gas concentration coefficient
and unit outburst intensity in abrupt change area of dip

32 BEMAREXERNESHERE
FIH 7 K& (acoustic emission, [&#% AE)
AR LA 5 I A AR S A B R AR AT B
FL, XPURFRE I BB 77 9 F A e 5 B va B
A E B SR R o Li S 2VR] B SRR 0075
T2 I MU R GO A i RS B R H 3
JIREFAT T ISP, R BEAR - ZER BN
PERIR, BEEE AE 55 BA A — 0648 — [l 17
PEHFAE . Zhang SECOVE I X PR 5 B AT 9 HE AU
LS AE (55 RHEF R I, TER 2 E VI,
AE DMEAE 5 83, HIEER AE BERALTHAKK
Vs MERKHZAETEMN, AE LLadifE 5 A3,
HAMETZE 0 AE geg RIEH M. 456150 At
RER:, MARBE AR RLE . AR
SeEE. RibAERWRES ST N, R
A T B S5 B IR B 5% LR 1R ) 2 A T L
i Je R R AR FEH AE ReRIRAE AL SEBRAE
1B, RS LR AE 155X 75 RIS ERF T
Bt HUEERM B mE R B S O M B
it BiR T, IEE—AHIE AR AT 1S A R A
5528, HnE 8 iRk RzILL, HIHAR
P2 RAS X R I 45 5, 530 DUF A
(1) AE R 55 ok b 2 YA — 3 ah — g
i — g s L RE . DUFE 20-10 A1, £ 0~



5 6 30 JEEMSEE: MR R XS BT BRI T 7E 1725
2071's W AE BEEE SO TREERH B, HgEL  RARRCRERIZHY . 508, RN IR s

FRARK T HAR KA B, Ui B i S Py 56
KRAERMBERBIR, AE fg /N3 sh & B T8
PR PR = AR S A TR B F B R 2 072~5 900 s

W AE

PN

AE 1S

ST AR B, HR E BRI R

BB AR T RO s H 7 RE R AT S IR EA
B 7BGRKT, RYIREE P S RN, R

0
0 1000 2000 3000 4000 5000 6000

o FUERCHER
£ 30k 3.02MPa
=29 o R
351 538 EN @
Hag 13.0
3.0F EEy ,—4 18
— RS 6760, ¢ 840, 0920 _ [}’ ~ 25
& 25 [mmAE it W fel/s 2 {6 F
% ‘ > 142.0
=}
= 4% 15
= =
= IE 1.0
2 q0s
0 40.0
0 2 000 4000 6 000 8 000
i 1fl/s
(a) WH: 20-0
213 BRI
303 RHE GEHBR 3.0
21 1.41 MPa w_ .
25 = 10
i =03 z
= 07 16 25 €
20F 9620 3 600 3 700 5 740 ) °
P — 7Ry 5640 5680 5720 5760 z | >
& i i/ S 120
=15 | MAE fig i 4> S
2 s
i =R
= 1.0 =], 8
= 1] 1.0 m
= 2| <
0.5 m 405°E
< Bk
0.0 o 400
0 2 000 4 000 6 000
A [a)/s
(c) BFE 2020
5y o BUFERT IR
8 2'1 2.14 MPa’
251 R20 9’5%17%(75\ -8 425
2o
= ~
1218 3 . 2
20F 50205 (1305 0405 (50 Z 2.0 f
< — iR i /s 16 = >
& N g
_% 1.5 R ERE
i 1'2 ] 3
= 10 1 1.0 99
L Jm
12m | <
0.5 < 105%
B Bk
0.0 40.0

i 1) /s
(e) W 10-30

Zil AE #8&2/(10° mV « ms)

FBBRIESE K24, AR IEE D 581 R R AR
30%; 1E 5 901~6 467 s W AE Re (5 50T =ik
ERPYEL, LR AE BEERAS SR AE H I E Bl 2 B
AR s T s RRY B, U B AR L JE B IE i R A
Wih%k, BERIATRER AR 1E 6 468 s ] AE e &
GEIAREE, PEERHER, LI AE fERES

TR 58 R

= §7 2.71 MPa
§ 26
N 2.5 25 L) >,
3.0 224 R 130
= 23 98
2.2 —_
25k 6300 6 400 6 500, 425 E
6350 6 450 —_
— RS i1/ |z .
£ 2.0 MAE figft 6% 1so 2
2 --- 23t AE B 2 2
315 415
E< 45 17
= = Ee|
= 1.0 110,
25 <
0.5 Hos5E
R R
0.0 0 Jdoo
0 2000 4000 6 000 8 000
B E)/s
(b) K 20-10
20 $ 16 120
A‘3 960 3 9804 0004 0204 040 %
— LT Il 2z =
o 1.5 FEEAE fit & 40115 =
o o > A E
g 21t AE fe E o
R 1.0 sS40 %
4 = |7
g L 18 2
0.5 o 105 <
< =
el
0.0 o doo
0 1000 2000 3000 4000 5000
i [ /s
(d) Bk 20-30
0.66 MPa
o g0, LI T
€075 SR e T R
15 50.70 0.72 MPa - “115
]d:_ 0.65 %l’i‘l%ﬁi{"- 5 o
b g
2 0'610900 1950 2 000 |
— B = .
- EJZEZJ 19251975 {42 .
= 1.0 [ BAE fgf - S 410 E
= ---Zit AE B [ 3 _3§ 5
| 5 i)
= = 29
R - 2= Jm
2 05F 5 0.5
# <
H 1 =
2| &
0.0 0 400
0 500 1000 1500 2000

A [a)/s

(f) R 30-30

B8 FRKEMARZXTLHES . AE REEREE AL LR

Fig.8 Variation of gas pressure and AE energy with time in different abrupt change areas of coal seam dip



1726 b +

71 & 2025 4F

WEAEZE I8 /5 T BT AP B, Ul B BLIT sl s )
NERARBIARE AW, IR T REIA
A, SRR AR I e R ERE I, S EL
TR TE IR RO s 76 6 469 s ZEE A, R
EHERHMIRE, AE BERE 5 MR IRE [F 7% 255
A, FRAERUE IS B N LN TE S, X T
R KAEMNBEREER, RESREVIHHSREE
SEAFERUE N o X b IR 5 A0 M R AR 1A AT
PURIL AE Rei(E 539401 T Fha — 8l — I —
[l 7& B R R, RS T R & — ANl T4
AReEM R EMING L INR, RAR BRI
VAESOR R

(2) 6, ) 6, 5 AE ReEARTE R B S i BRBY
B KGR AR RR, 5EiERe B K G
BEIEMHRK R, 26,=20H, 6,=0°. 10°. 20°.
30° IR AR I BRI BERT K o5 43 50N 31.92%
31.59%- 31.07%- 28.55%, HiEERBY B K &7 E oy
BN 59.24%. 58.41%. 57.86% 57.15%, fHyifik
B Bt K B 5 9.79% 9.99% . 11.07%-
12.89%. ULHITERE 6,5 6, 38K, HZ MR
X TR S I Gk e, AR R B 2 A
R EOZHE N, ARG I ) 5 1255
IR R FE R 2 N %, FRIE A E T AR A i
%o HHULTTIL, JEEMU RN RH AE fEEE S
HHBCEAA R, WO SEBRET S TR ¢
W RLE D% I8 AE REEAS 5 5520 54 X 15k
£

(3) 6} 6,5 AE ReEIEH X Rl AE feEZ
B2 HAHK KR, BEE 6 6, MK, RHEFRAE
IR, 2 RAEMRIER R N . EAH R S )30
BN, 460,50, KRTET 6, HRHBIGA
Ut iR R R, HUB AE ReE g
H B AE Re 50 MR H A Z AL T HUKK P,
O SCMARABAR R H o A0 24 HEVR R 1 000 m
LR B I S FL T 7779 2.90 MPal?®: 3%, i 24
0,5 0y BIRTEET 0, 1, BEIZ MW 58 X R
BRI R KRB N 1.41 MPa, AN HISS
JZ11) 48.6%. 46,,= 30°Hf, 6,=10. 20°. 30°ixk
FER R BT AE fEEIE(E 25N 7.61x10° .
6.09x10°. 5.09x10° mV * ms; Zil AE fEE N
2.24x10°, 2.02x10°, 1.20x10° mV *ms. ViBHREZE 6,
I Oy WIHE K, AR SR 24 2R A P 75 e B0 T P
%, UFTAbh S R AR [F S, HAEMR PO /) 2%
PERRITTR AT, WOHE 2 A0 A SRAR X A AR 2
FERX 5 RABE S TU R i, Hx i e 4

AR T E KRR,

(4) REZE GEOIRE T I N BT E 1 Sk
RO — P — PR — BEN — IRBE AL IS AR,
B BUIT ) BB SE R, R R A BT R ) R B
W PRGN, S R E R I R R AR
PLEE 20-20 A, 7E 2.4 MPa & 58 B 5 2T
K, MR LT E 1A E] 0.7 MPa B H IS, I
TEIAE] 1.41 MPa B R AT H, HKHR 2.2 F7 58
%, HARIXP| PSR 0.6 MPa, 454K 6 Al A,
6,=20°, 6, =20° IXFEWAEAESLFIIE L, BLHH Y 6,
56, YWRTET o, 1, JEARMN S 52 2 T R4
B, LSS MESS, 4 RO R
AR TR BL T A % BL AR SR X BiOd B I, iZIX
M 5 R AR R RRAE IR T S B FR AR 28 R R 2
3.3 BEWARTXEERESEILRHE

HE5 B0 T 5 H AR S AR A W AR R R 2 O e &
RISHIRBERE R0 )50 72, S S e 5 PL
WCBH . R, HAER A E SO B £
A R IR 558, TS SO AR B R AR A
Zhang SEPHRF TR, JEARTE R )5 ORAS TSR
SEIE AR R R R E R R, R T M
TR W S T 7, R A AER TR
Rt BFREPI ORI, 9 H R AR
(T =15 B 43 ) 52 BTV P55 B ST AR B B K A
Mgz, 22— N2 BrHJEdE.

ZE LRI, R38R FH 22 2H A e BEL U A Je
#5070 B T AR X 5 5 1 30 0 v M A P 3
FH DA 8 5% 3t A R AN (R DX 3 B AR A O, 52 5
W SRR T RO, I P A AR S, R A
WG 0 o B Te IR AR, WO R Sk AR B B 6
FIAREE 2020 Hedls vl (UL 9) St g A il
FEACIE A TER 7L, 19300 N

(1) G I A A Py S0 T A 52 TR g 3 =X
EA PR EA -SRI TTREREAERE. £ 0~
1041 s B AR SZ BL A RAR B a8, eI R
EWKES, FE 1 041~4 117 s I, JEAARSZ Lk
KR, R 2Rz B CLE 9(b)),
FLB BN b T+ B BT P R 2R K B AR R A
WEREIE AL N ARGE, AR Ol 28 1 B SR o 1
WP S SE I S EUR . BB T FEBUR BT FLER 41
AR DI PRAR, PG T LR R T BL K AR
WFERBE B SR . 7E 4 118~5 508 s I, JE{AN
R R B PR B &S (L 9(c)), LRI
R B P B, AR IZ DI N, A i
m T TSR AT R R, RS LA, IRAE



6 3

RIS IEBIEAE . 5509 s F245 IR P E IR 2
SUR T RS, AR I () B A R B I T S 4K

3.0
25
2.0
o
® 1S
g
1.0
0.5
T AR R A A B
00 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000
I 8l /s
(a) RELAR
@)
i
]

1.8
4400 4600 4800 5000 5200 5400 5600
A [a)/s

(c) 4 118~5 508 s

FEE A A 2848 XS BU T 8 BRI 3R A 9 1727
2R (L 9(d)), XA TREEEARNFIER
RO e B AR e EFE RN AR S EUT .

P —T

2.0
p 1.5
8 | S T
=10 PeEha BB

0.5

YGRS B
00 1 1 1 1 1
0 1000 2 000 3000 4 000 5000
B A)/s
(b)0~4117s

/T

LTI

1.5
R AR :
. \
1.0 1 1 i 1 1 L 1
5500 5600 5700 5800 5900 6000 6100 6200
I 18/s
(d)5509s B4R

B9 iR AR L

Fig.9 Variation of temperature during coal and gas outburst

(2) B F AR X BRI ek P AR B 2 v T 3
R WL 9a)n] LUK I, WA Ti~Ts i
FERTIEAE S WA R Z {5 53 08 2794 271, 2.42,
235 °C, BEMUA TR X AL Ty e bR 5
B FHR SN S 2R WA AR, 5
RSN S IAR ANAE Ui E S VA E GRS {i]
TR IR 7= A6 (R A B I 2 AR B B )
TR, HULFR, SZRABX EFEEAISERZE
SR, ZIX IS TR LT RUR 5 SRR IR
S Ko A 5 I R B 5 R L SR B R R, A
M3 3502 DX S A R B AR e o (R, 7R SEBRT
KIdFEH, RO Z AR TRAR X BT iR A A AT
SERFIS I, M X SR PR AR, NN
B, kg A RS WA k.

(3) ZIEZA TAT R, 5 H 113 o [X 3o
VAL 8 Sl A A X IR T B s A R . W
I 9 AT LUA B, 2R H L v AR A AN AL,
o Ty WU A5 A P 5 H 10 3 i P AR A T

FoAbIX 3, HILBEBEE R RIZL, B4 ) B A
P 2P EE KB LI 9(b) Bl 9(d)),
B 98 1 B IR B 5 Rk AR R HL 5 52 BTk Bh 5
Wil o SR T X S BTS2 s P R A 5 T )
VU FE S8, o) 28 H 7 g B B A T 58 AR
g, DR R T 9 I B S Al R P R B
R B B T AR X, AT RS B R
W R,

4 TF ®

B 55 BL T 5 A Dy — R e 2 2% BB 3 )
KE, HARENH —ERR N K ET TR EE.
BRARARINSE 2 —, BRR K F A K AT A
WEERHCY . Rk, 24T 0 AR R A b 5
eI SRR AR W TE, TR A RAZ XA
AR B2 TR IE IS SRS A S By Ay, LR
LA R SRR B JR (1 22 PR IC N 2

LG E 2 FANGS 3 BRI RAZ X R 55



1728 =

VAl & 2025 4F

FE. AE feEf5 5 MRS 5 s R, X
B JEAT Ay A X A5 5 B 5% Y 4= R BEAT Bl 2220

(I 100, RBUBZ AU FEARNS 5% H R 52 3 22
RIAN “ =5 HEH "

VUSSR ok
WFRIES). EREN. s

W e | ks N l

B

-~ Iy ||

o mres LN
PO e

7 A A Set gk Se L

eI ek e R Y B
BRBICER | 2 vkl
PR = N ek ShEAHE S RE R

S o n t — Q=+ = O— =0= " =@=:=Q=:=0=:=Q
Lk 1 B AT

S LR 2| o PR kR, WA, M.

FEFAM. THREN R S

EATBOER R AR . 3. 5

B 10 BEEAREXES LR HIERR

Fig.10 Brief description of coal and gas outburst process in abrupt change area of coal seam dip

(1) BR U FRAZ X 5 32 s RG22 B R,
SRR KRG . SIS, iR
AR DXCREAARSIR B R A AR, o BT R SR LR
SRS ENE MR, LS R EIE RN, AN
KT REMERE

(2) MR FRAL AT S TN T P IX .
P PRAL 2> FBURAR R B (1 3 BELHUN Fg SKCF 3B 7
AR EAAL 3G R NN T AT AN B AR
TR X, Ho— B2 B LT sl A 01 R,
e G FTRIAT P IR S S A SR RSB AT 3 B0 5%
MR

(3) JREJRUHf FAR AT 5 DA AR PN 38 PL iz
Migte, FERAMMTKE LSS, BT
BRERX . EHEMITR, LANE T SEE R bR
TR A, (HAZMIH RAL X BT AR
BURFEASFIRC W, DL B 5 R AT AR 22 52
i PR IR X, MM T 05 KU RS

5 4

BT 7 2150 A 88 i 5 B 37 5% 1 i A B
B, AR, AE RERLREES%ES
Bsem, i 7R B AENLR, BT Rt
T

(1) B Z A AR DR L2 58 5 52 B A 5
AN, IR AR S LR . 1E 10°<6, <20
° 5 10° <6, <20° 5 H N AEFE— DB Z 1A R AL I
FHE 6, 260,50, RTET o0, BRI

N

(2) TCHREMUf RAZ X S R E 1, v DU Z
10 1 TR [X 92 HH s 16 14 1 v B R A — 52 IR K
i, 16,806, —&n, BAFRHME L 5 TUE
i RAR X L R 1, RIELEMM KR,

(3) 6, )% 6,5 AE feI&(H ) Rt AE Re& (]
SEHMHRKR; 6 % 6, 5 AE e KIERIY B A H
TEERBY B K EE R AU RR R, 5 RS R B
KR IFEAHKER.

(4) 800 A 978 X BT il P A I W s T 3
R DI, T 1Ty X 3 A T e s g A X
BRI T SRR AR T 1

Z % X W

(11 5, ERUC, ST, 55 RESE 3k FT et

Ji& R THI I R AR D], BEAR AR, 2023, 48(5): 1825-
1845.
YUAN Liang, WANG En-yuan, MA Yan-kun, et al.
Research progress of coal and rock dynamic disasters and
scientific and technological problems in China[J]. Journal
of China Coal Society, 2023, 48(5): 1825-1845.

[2] WRIE. SRERE R 2R 5T R B W ST R (D). BER

4Rk, 2019, 44(5): 1283-1305.
XIE He-ping. Research progress of deep rock mechanics
and mining theory[J]. Journal of China Coal Society,
2019, 44(5): 1283-1305.

(3] JEEMS, kW, ¥l S TR B B 5



FEEMSAE: R AR DB 5 LI R AR UL Bt 7T

1729

(7]

(9]

[10]

[12]

TR RN H A 155 TR, 2024, 43(3):
521-541.

TANG Ju-peng, ZHANG Xin, PAN Yi-shan. Research
status and prospect on physical simulation test of coal and
gas outburst[J]. Chinese Journal of Rock Mechanics
and Engineering, 2024, 43(3): 521-541.

E&, BRALMS, XV, 55 ASFERIGA LR ) BRAE
B S S R LB RAED). 5 1715, 2023, 44(1):
144-158.

WANG Lei, CHEN Li-peng, LIU Huai-qgian, et al. Dynamic
behaviors and deterioration characteristics of coal under
different initial gas pressures[J]. Rock and Soil Mechanics,
2023, 44(1): 144-158.

BLACK D J. Review of coal and gas outburst in Australian
underground coal mines[J]. International Journal of Mining
Science and Technology, 2019, 29(6): 815-824.

WU S Y, GUO Y VY, LI Y X, et al. Research on the
mechanism of coal and gas outburst and the screening of
prediction indices[J]. Procedia Earth and Planetary Science,
2009, 1(1): 173-179.

TRIET. WIS AT B 5 LI Rt Rl £ F 9F 72 (D).
et P EG R AR, 2018,

XU De-yu. Research on the control role of tectonic
deformation on coal and gas protrusion[D]. Beijing: China
University of Mining and Technology(Beijing), 2018.
FRIT, KEB, HEAR, 55 REES LR HBG
PR AW SRS R[] SRR, 2022, 47(1):
297-322.

WANG En-yuan, ZHANG Guo-rui, ZHANG Chao-lin, et al.
Research progress and prospect on theory and technology
for coal and gas outburst control and protection in China[J].
Journal of China Coal Society, 2022, 47(1): 297-322.
TU Q Y, CHENG Y P, XUE S, et al. Analysis of the coal
and gas outburst mechanism from the perspective of tectonic
movement[J]. Geofluids, 2021, 2021(1): 9988420.

HOU C, ZHANG Y H, YAN Y. Effects of coal seam dip
angle on the outburst in coal roadway excavation[J].
International Journal of Mining Science and Technology,
2019, 29(5): 757-764.

ZHAO P X, ZHUO R S, LI S G, et al. Fractal
characteristics of methane migration channels in inclined
coal seams[J]. Energy, 2021, 225: 120127.

M, MR, K%, 5. BER BN 1373 ) 7 A
) BB AL FE[C//2010(PE B [ B 22 22 B 2 5 R
SEARWF 210 . TR ARIERZE R AL, 2010:

[13]

[16]

[17]

[18]

339-344.

YANG Wei, LIN Bai-quan, QU Yong-an, et al. Numerical
investigations of the stress distribution caused by the mining
activities[C]//2010 (Shenyang) International Colloquium
on Safety Science and Technology. Shenyang: Northeastern
University Press, 2010: 339-344.

FEDUR, BliEnR, 2200, M E MU A A T TE R
el VE R M BB FU)]. BEREA, 2015, 34(4):
150-153.

JIAO Han-lin, YANG Sheng-qiang, LI He. Study on
numerical simulations of outburst risk influence on cross
cut in uncovering coal seam at different dip angles[J].
Coal Technology, 2015, 34(4): 150-153.

TRE, EFE, Wi, 5. W R0 RS LR
H R (R FE[T]. IR 22 4, 2017, 48(11): 171-174.
YU Mei-lu, ZUO Yu-jun, PAN Chao, et al. Study on
impact of reverse fault dip on coal and gas outburst[J].
Safety in Coal Mines, 2017, 48(11): 171-174.

THHE . SN B S B0 R B R R R KO R AT
FE[D]. HtFH: BTIMREE, 2009.

MA Shu. Research on the main control factors and law of
coal and gas protrusion in Guizhou coal mines[D]. Guiyang:
Guizhou University, 2009.

XU, TR, REB S IR RERZ R
K 3 5 R A B D]. 0 P B R 2 2 4R (B AR R i),
2013, 32(5): 531-535.

LIU Gao-feng, ZHANG Zi-xu, SONG Zhi-min, et al.
Control factors and occurrence regularity on coal and gas
outburst of two-soft and one-hard coalbed[J]. Journal of
Henan Polytechnic University (Natural Science), 2013,
32(5): 531-535.

R, W, A, B PULHT R AR AR B 1)
RE R JEHLT]. B 2R, 2023, 48(11): 4078-4096.
CHENG Yuan-ping, LEI Yang, YANG Si-jie. Energy
principle of simulation experiments on coal and gas
outburst[J]. Journal of China Coal Society, 2023, 48(11):
4078-4096.

LM, TR HREBGE M bR TR 2 ARk E
FERPELEN 5 BT VE I AR [D]. TR 3T K5, 2022.
JIANG Xiao-nan. Study on risk assessment and prevention
of compound disaster of rock burst and gas outburst based
on stress index method[D]. Shenyang: Liaoning University,
2022.

R, 2O, RGN, S B TARHR S LR
B R AE K 25 & BUE BT FE(0]. R BLHEHR, 2020,



1730

DfF
H-

& 2025 4F

[20]

(21]

[22]

[25]

[26]

48(11): 147-152.

CAO Kang, LI Zhong-hui, YU De-sheng, et al. Study on
precursor characteristics and comprehensive early warning
of coal and gas outburst risk in driving face[J]. Coal Science
and Technology, 2020, 48(11): 147-152.

T, R, AR, B KRG SR R ) 43 A
MU AL ). AR 155 TR SR, 2012, 31G8T 1):
2875-2880.

LI Xin-ping, WANG Bin, ZHOU Gui-long, et al. Research
on distribution rule of geostress in deep stratum in the
mainland of China[J]. Chinese Journal of Rock Mechanics
and Engineering, 2012, 31(Suppl.1): 2875-2880.

FEVE . TRERIES TU 5% L B RN bt s A LR AT
F[D]. BH: T LREBORK, 2022

REN Ling-ran. Study on evolution law of temperature and
impact force of coal and gas outburst in deep coal
mines[D]. Fuxin: Liaoning Technical University, 2022.
VRIL, MRS, 2, 5. ARSI A N A
W% OB R RIS AL [0]. A 715, 2015, 36(1):
104-110.

XU Jiang, YE Gui-bing, LI Bo-bo, et al. Experimental
study on briquette mechanics and permeability characteristics
under different binder ratios[J]. Rock and Soil Mechanics,
2015, 36(1): 104-110.

INEEE, RERAR, EE, . RHEERM AR LR
IR I IE A RIS T 7E[J]. R BHEHIAR, 2019, 47(8):
116-122.

SUN Hai-tao, ZHU Mo-ran, CAO lJie, et al. Orthogonal
experimental study on proportioning model construction
of similar materials of outburst coal seam[J]. Coal Science
and Technology, 2019, 47(8): 116-122.

OGNS, RFR P 5 PLIT5R 2 R AR S P R RE TR AL
MERTF[D]. BH: 10T LREBOR K, 2021,

HAO Na. Study on breeding characteristics of deep coal
and gas outburst and the evolution law of acoustic
emission energy[D]. Fuxin: Liaoning Technical University,
2021.

HROARaBe. 5 BL A R b R AR I 2 A B = FL i P AR
Tig R MY BRI T 7T (D). K. EPRR,
2018.

GENG lJia-bo. Experimental study on physical simulation
of spatio-temporal evolution of coal and gas protrusion
catastrophe and its coal-gas two-phase flow transport
characteristics[D]. Chongqing: Chongqing University, 2018.
SRk 5 U R R R R AL BT FE[D]. AR M
HEHT LKA, 2014,

[27]

[28]

[29]

[31]

GUO Pin-kun. Research on the development mechanism
of coal and gas protruding layer fracture[D]. Xuzhou: China
University of Mining and Technology, 2014.

VR, 52, AR, %, REEEPE-LEiwAEREZ
¥ BB ). A A S TRYR, 2019,
38(10): 1945-1953.

XU Jiang, CHENG Liang, ZHOU Bin, et al. Physical
simulation of coal-gas two-phase flow migration in coal and
gas outburst process[J]. Chinese Journal of Rock Mechanics
and Engineering, 2019, 38(10): 1945-1953.

JEENG, kT, W, & RECEEAS TR
i AR AR IS BT T )], a1 S TR R
2022, 41(6): 1081-1092.

TANG Ju-peng, ZHANG Xin, PAN Yi-shan, et al.
Experimental study on outburst and impact evolution
characteristics of coal and gas in deep roadways[J]. Chinese
Journal of Rock Mechanics and Engineering, 2022,
41(6): 1081-1092.

LIJ G HU QT YUM G, et al. Acoustic emission
monitoring technology for coal and gas outburst[J]. Energy
Science & Engineering, 2019, 7(2): 443-456.

ZHANG X, TANG J P, PAN Y S, et al. Experimental
study on intensity and energy evolution of deep coal and
gas outburst[J]. Fuel, 2022, 324: 124484.

T RE, R, FOR B TUrR R ) A
FIBLERD]. BEB 24, 2008, 33(12): 1368-1372.

HU Qian-ting, ZHOU Shi-ning, ZHOU Xin-quan. Mechanical
mechanism of coal and gas protrusion[J]. Journal of
China Coal Society, 2008, 33(12): 1368-1372.

ZHANG C L, WANG E Y, XU J, et al. Research on
temperature variation during coal and gas outbursts:
implications for outburst prediction in coal mines[J].
Sensors, 2020, 20(19): 5526.

M, YHL, B, 55 RS LR B R AR R ERE
I AL R BT 7T )], R 5 %4 TR, 2021,
38(1): 206-214.

YANG Xiao-bo, XU Jiang, ZHOU Bin, et al. Evolution
law of coal seam temperature before and after coal and
gas outburst[J]. Journal of Mining & Safety Engineering,
2021, 38(1): 206-214.

FEA, VFIL, a7 M5 R R S L i Y B
PARIEFF S M. M R EA LR 2 AR AL, 2020.
ZHANG Chao-lin, XU Jiang, PENG Shou-jian. Physical
simulation experimental research on coal and gas
protrusion and its prevention and control[M]. Xuzhou:

China University of Mining and Technology Press, 2020.



