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A damage-based permeability models of deep coal
under mining disturbance
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(1. School of Mechanics and Civil Engineering, China University of Mining & Technology (Beijing), Beijing 100083, China;
2. State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: To investigate the permeability evolution of deep coal under the influence of mining disturbance, two forms of
permeability model including the damage and fracture effect were established. These two forms were exponential form and cubic
form, respectively. These two permeability models were based on the previous coal permeability model in three-dimensional (3D)
stress state. The derivation process included two aspects, i.e., the fracture deformation caused by adsorption and the deterioration of
elastic modulus from matrix caused by damage. Meanwhile, the internal swelling ratio and the damage constitutive based on
Drucker-Prager failure criterion were introduced into the models. According to permeability tests under conventional triaxial
compression, loading-unloading under mining disturbance and changing the gas pressure, the permeability of coal in the tests were
analyzed in detail. The results show that these two models can reflect the permeability evolution in the conventional triaxial
compression and loading-unloading tests. Moreover, these two models can represent the decrease of coal permeability with the
increase of gas pressure under the constant effective confining pressure condition. In the loading-unloading and changing the gas
pressure tests, the fitted results in exponential form are slightly better than those in cubic form. This study provides a useful
reference for developing the technology of deep coal mining and gas extraction.
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Fig.1 Stress state of coal under mining disturbance

G AAE K 2 HOEARI2 38 R A5 A v >R A 1K) B
At 7 S AP AN B AT AR IR, B o
TP = NS AT T ARSI AR —— R4
RURISL 7 R0, Hp

k. [ 111 J
—=expy—6| —+—"— |
kzO Em ¢0 Ef (1)

[(1 —v,) Ao, —v, "Ac, +(2v, - 1), °Ap]

ko 1_2[L+L.LJ.
kz() Em ¢0 Ef

[(1-v,) Ao, —v, - Ao, +(2v, ~1)a, - Ap ]}

(2)
A b NBEETTRNEEBESR: E, . E 9K
RIERT RERATAVERE ¢, WHASLBEA v N
BARIRALL: o, N Biot RE: Ao, « Ao, Ml Ap H
AR T 52 [ I B Tty s G B R A T g 3 e
A PR 22 15 A R AT DU S
TERIRBNFEI T, KA R BN g [F) i AR A
BARBIE R . SR, KPR YA fE
IE = )4 RO ) B 51 R VB IE AR, ANRE
TERPEEN T Bt B B A W AR AT B R i A
s, PRI, A SO AR PR R 0 DA it .
2.2 WRHHEMRAE R T R NAR S
AT PR AIF 70 50 25 4 A Tl A6 D9 IR 48 114 K S
BT (WK 2, BT, Ao, Ao, . Ac. Nl
ARl Xy sz TTIREIN D, AT FIRERE T
BEJ U FEITHE S, RS R s 3 x il 1),
IR T B TR B, ARy B R A
PRI T R T AR AR T A ) P R G (LIET 3D
M5 TRENARIE S, AR R ik (e
’ZZAe[=i(e[+h[)'Agb[_ih['Agm[ (3

i=1



#1101 SRS, TERAREN T AR IR R M A5 B R R B 5 3985
Ao M (7)) FRRTAE Y, x Bl 1A 2R R AR AT
l 73 ) E A 0 R B A A FH T (R IR AA R 22 J
ro, Ay F AR . s ST ST O, R B AR 1
)EHID:\IQz ﬁD‘F:
z Ql = i(ei +hi) 'AS;. i Agmz (8)
i=l €; i=1 €
/Xa S v (¢ +h) oy
=G TR A oS g (9)
B2 KR B O =2 A 2 Ay
Fig.2 Bundled matchstick model
A (7) TN
Ao " A

l l : l l Z—€:Q1+Q2 (10)

Ao, vy —
—/ "/ M | Yo IR TR 5y 26K T SRR A TR 5

Ba ] e, (K3, We= h. B, #
DR A h.=:e:= o n n
| e | ,)_’ sath sk (an
y =1 € i=1 €,

B3 R RGrE A

Fig.3 Schematic of coal elastic system

e By e 73ISR I F TR B LTI B8
smﬁ%%ﬁ%$ﬁﬁ%E$EMon
TERPEENFEMT , ANEIL TR AN A B[R]

IR AR AR J ) 2 3R P A0 9 A RO g

W A A R R A PR R R, A B TR S S SR T

AR TR IE N

n

ZAsbl ZA% + ZAsb, 4

= i=l1

3

Z & —ZAsm,+ZAsm, (5

A B4R e s 20037 RO RIS BR A i
fEM.

B @), (5 AR (3, 7

i Ae
i=1

I
M!

(e +h)-Aeg, — Zh Asml}
(6)

M:

e.+h) Ag h,-Ag
( ) bi z mx:l

A4 (6) PRI BREL Ye, o W75 x s 2
AR 1 B kA

Aa3 (1D AN R I O, T 43

0, :iﬁ.(Ag;i _Agrsm') (12)
i=1 ei
FH FLBERE 1) 5 SCRT A
;e—=%—l (13)

FA (13) A (12) 711§

1
= ——1
Q [¢o J’

Liu 5025 RR AL W PR R A L 8 o 2R B AT
PRIE BRI AR, B AR T IR 2
XA RT LAFH SRARRE A 48 73 8B 7 B BB e 4
I8 DT 8 A 3 o E TR A A i PR B AL AR AR A . Y
TZIK S 3 A SE AR W it 1 BRI B 7= 2 1
WA, (Rl g ar 1 BAAR B AR 5 2R B2 T
KR Zang SFRO7E Liu SN &R b, BT
W NI AR R ELF

F]:g_ (15

S

&

X AWK AR R, Fe(0,1): & i
IR NI AS R &8 AR K B AR & .

B4R, Wang 25212k 4 Langmuir W N AR 2 18,
S5 T WL BRAE SRR AR x Bl A SR
Kk

M:

(Ag;i —Agfm.) (14



3986 = +

R 2018 4

M:

i=1

F F
(Asﬁi - Ag), ) =g, P _Twp (16)
pLtp DPotp

e g N x J7AIA Langmuir RAEHHG: p A
Langmuir £ /)% % Fhr 0 RRVIIRIRES o

BV IEAA % T [F) 1, IR AR A sy B 2
T RIS RARSE . R, RPRTE x Fil5 R 2k
AR AAFARIAR K 1730 #2 (16) RN (14),
AR B g AR R O, Fr Ak =

Q2=S—L[i—lj( fp  Fwp j a7
3\ 4 PL+D Potp
e g v Langmuir RN tHE PR
WNBEIK N RECEFEL WWE=F, .
—MAE LN B LR R N T 1, T
1L
% %
T, 3 OAHET BAL A 208 /1 T 5
FEC 1 x 17 ) SR R AR e ik 28

1 11
0 [ g-+44Jla-w)ae.-

m

(18

(19
v, *Ac, +(2v, ~1)a, " Ap |

FA (17 ~ (9 ARAAK (100 AT
W RN 2508 7335 R FH 51 24 AR -

iAexi:_[l 1 1)

+_—
-1 e E. ¢ E

xi m

[(1-w,)Ac, —v,Ac, +(2v, —1)a,Ap |-

i[ Fp  Fyp j
3o\ pL+pP pPLotP

200
BEARYIEE 3 S RO RO 25 R R, (R BE AT
HIYE v J5 U AT 1 i 45 2B R AR R A 3

[(1-vy)Ac, —v,Ac, +(2v, —1)a,Ap |-

S_L[ Fp  Fyp j
3 \pPLtpP pPLotP

Q1D
2.3 EEEMERR= R BERERRER
23.1 feEUH
15 x $hAT y JH A7 M REBAR TR R, IR
15 z $h7 ) BB iE R RIA XS0

n - Ae,
k., =k, exp(32(% + ﬁB (22)

=1\ € e

xi yi

2L 200, QD AR (22) wIE

k. { { 11 1}

— =expy—6| —+—— |

kz() Em ¢O Ef
[(1-v,)Ac, -V, -Ac, +(2v, —1)a, - Ap] -
ﬁ( Fp  Fyp j}
¢ \PL+P PotPp

232 R
R SCHR[22-23 B FE R, JEAARAE X AT y

FP AN KT J5 TR BAR TR T, 2 BT 1) s
B TR T AT R

3
n Ae..
LZ{PFZ{%JF&II (24)
k, =l e, e,

Xi yi

(23)

Kk (200, QD RN 24) A

ko _ 1_2[1 +L.LJ.
kzO Em ¢0 Ef

[(l—vb)~AGC—vb-Aaa+(2vb—l)ab-Ap]—
3
zi[ Fp  Fup j}
3 \ptp pLotPp
(25)

il (22) MK (24) wTLEH, PIRERE
AR B Fe I TR N HEAT RIS, IR
HE Ay RE AR (AR B AN [ R B0 3K

3 HEIRDI R R )5 E AR

b SORE AR B A S T T R B A ) M &R
gt (W 3), YNBARIUR EFYERESARTE,
P BTN SR TT R B R APAE DL R R R 8

.t (26)
E, E, E,
X B, AR SRR (MPa).,

Tt M E T RIS T ik 2 = Wik i 72
, BESE FTAL R K TR, RN B B
TR IR . AR IR AR BAE WL B3R
WS R AR e, BRZTE TR . A
T EE AR R, X BYCHETR RSN
NIRRT P BT R, AR R AR 51K
(LB 4D RS 2 E UK AEAE R 5T B 0T
b RBRERITTAKRAEZN, W (26) WA




11

RGeS TR T IS BRI RS 1B R T 3987

l Ao,

Ny 4rr.:r ,ril
i
FAPS

B4 SR K SRR
Fig.4 Damaged matchstick model

L., L 27
E, E, Eq

m

WAL T KA BT - A O RIS, WA
AR SRR, E AR D N

D=1-E,/E,, (28)

Bk (28) AR (27), w1

E = (1_D)EboEfo (29)
" Ef()_(l_D)EbO
SCRR[241ME T HR 5 IR Weibull 234, T
Drucker-Prager #EM], EE37 7 = 4EN JPRES T BLs
A RS AR . o, FE T Drucker-
Prager BEIRHEN (5 A THOTHREE F « OCHEIR IR
FEERE P (F) M52 & D Fik LR

F=ayl +\J, (30)
w-1 w
P(F):%[gj exp[—[gj} 31D
0 0 0
Dzl—exp[—[ij } (32)
1)

L o) NEEAMEWER G RNSEG 1 AN
TRERIEE | AR J, AN RERS 2 AR E;
w ~ F, A4 Weibull 7347 ()25, BUE 7571 WSCHR[25] -
R EAW T

a, =sing /9 +3sin’ ¢ (33)

I, =(0,+203)Epye, / (0, -2v,05) (34

\/Z =(0,-0,)Epe, /[\/5(0

X g NAEAWITHIEHRINA; o NEA N EE
B,
Bl (29 AR (23D,

—2ve)| (39)

(25) nJ15

Y A R AR B
k_p{ 6((1—0)&10 (1 ¢JEJ

[(1-v,)Ac, —v,Ac, +(2v, ~1)a,Ap |- (36)
2¢, [ Fp  FEyp j}
$ \pL+tP PLtP

Lz{l_z(;_[l_ij%.
kzO (1 - D)Ebo ¢o Efo

[(1-v,)Ac, —v,Ac, +(2v, ~1) e, Ap |- (37)

25 [ FEp  Fyp jF
3 \ptp pLotPp
2, EIRE) T R 2 R

Frz@mRERREA, X Q6 NiEHA., X 3D
AL TR,

4 ARELIGAIE

4.1 EI=RnEBEALK

SCHR[2612R FH 5 BB AAIRE ] 1 5 =il £ iR 2
PR BT C s PR IR B AT 1 %R
ZhnEGEERE. W, R RSN R A
IKEEST 7 MPa J&, PR B s ANAR S8 i s 28 il
R, FOHE IR ZAREE 3 MPa, U0 ki 2
R ANEE R A . a5 F g, R
(30) ~ (37) MBERLGRIATME M, WE
PTZHLE 1.

x1 BHRELSHZHIFRM 2627

Table 1 Basic parameters of coal*!>2¢-27]

TRURHTE ZURIETE BUR BE o Biot
Wi E, HORE, WA gy 5‘;’” e R

/ GPa / GPa vy /(%) 0 a, /% /MPa

2.65 070 020 28 1816 1 04l 219 04

] 5 D I =S E R I AN LA 4
JE I e g SR it 2] DUE H , JEAA (1) 2 77— R Ezwﬁ%
2k 2SI A A SR A . BEE N
SEFRHEAT, SRS ) B AW, TR e AR
N 2.41%F, AR ik B R AE 41.13 MPa, U fEEE
A=A AR AL, I R

TE B = BI04 B ) - AR I AR A, A
BIERHIERG. 5T AR R . RS IE
H— ARG i 2R (0 AR AR AE W] R 2 0% FR AL I 7R
R0 h 3 MR B O 5): W7 AE 2 w19 T
WIBNE (1) AR AMEE (1D, NAEEZ EEN
JEHINE (MDD TERTIABTEL (1), R
JERERRR N, JEAR R FLELRR S R 40 P & S80S



3988 = +

R 2018 4

B PR EPHEBL (1D, RN TR
WA AL 27 T A P9 B TR B AN T A AN 7 5 TR
B S ERBAASE LR SE i o Bl I8 ]
WefE ), BERAMHENEIIB B (1D, W A HR
PR AR TLIE, BIE R BERTT . W8 B il
6] AR (RHEK, BE AR DLBR I KRG

50 Wy 1 0.020
—o— VBIE - S

40 | —a iBER - p 10016
& —o— BB B
S 301 {0012 T
R 855000 2
5 20 | 0 1 0.008 B
2 20 peammee %
0000 Q!
10 b 40.004 7

0 . . . . 0.000

00 05 10 15 20 25 3.0

BRI %
B 5 EHA=RNRSEER

Fig.5 Permeability results of conventional triaxial
compression

X EE A RIS B SR B 45 T A, (E
AN - RAR S RE R AR B ST O B B R A A A
SASE R FF A — U R R . FEVERTRY B
CT~TD, BT R4 & &5 35 e il 1m) S AR )
B AW . RE RIS R RTE B (1)
PRBEZRA P N, EPERIREERUN, T AR
B (1D BEFRAREH . Bk, SE2ERE
VEFT SR OREE LN, S5 G4 5A IR AR
AL fE RN E (D, PiMERIBIE R &5
YL B B AR T I BE SRS I (B L, B
RIS A 3 o RN - NAS R, SR B A
gE R INER G BN = T ar o . IREE R AL, B
AR SLIME . FRER RS 5 B4R 0N 0.009 1 x
10" m*. 0.010 5x107°m* A1 0.010 3x10 " m* . i
RS, AT P 2% &40 40 280N (195 13 Ze A%t
RYREE LT S B = il D B A RS AR
AR AR
4.2 FFERSINENE T iEZE AR

SR AR BT PIRAR 2 R, H&
ANTT ARSI AN Wb T VRS, R/ R B A N )
G —IRE AN IR R AR . RS RS
BT HREN G AR SRS AR, SR T 3 P Ay
FERT7 2R AR R En R Ay 5 AE (LKL 6).

SCHR[29TLA 1000 m 3R H: TAE A i
1R85, A B AR s #3756 Gk
1T T RSB IEARTT AR S E 2 2 G 5%

TR R AR ST ik 3 R AR R T RO 6)
BHTEE, BKRAFEINE 25K E SN 25 MPa
(0-4 B, ZJa5se MmN B, HAP Ry EN
A-B-C JRIIEN A-B-D+ TN A-B-E, NEIE
AR PR AR IR I SCHR[28]. 3 FHITR 5 3R BLE
J13985E N 2 MPa. ARHEHARIG RS, SRAA S
SEI PRSI AR RIS 25 AT RLA T,
GHTHZHNE 2.

7K R 7N g
—o— 5 1| AL
D —a— RIPETFRCER 2 EIEI )
—o— JRUIRMETFR(BR 2 ENERI BY)
—o— TLHATTFR(ER 2 EVEN BY)
o, =ayH
A

P B

< 0,=0,= Lo-,
7 Sa
t .
0 >
0-3

B 6 TR T AR AL 18842
Fig.6 Stress path of different mining layouts
under mining disturbance?’!

K2 BAEERSHE|IR P
Table 2 Basic parameters of coal!'%2°-31l
EARTNE ZERIE Bk AR y Biot
. o Lk & P
i E, MEE, MR B 2 K
é, 1% /% /MPa
/GPa  /GPa v, /() a,
9.75 3.0 0.244 36 2.70~9.50 1 1.172 4294 04

K7 hEfbEH, 3 MAFERshiE N, BEE
IEN G AR AT, BRI R S AW T B
R, VEAE S LN AR A G . KR E
FRIERTC AT 3 PRI AR, WA R Ik
ThE, 43504 4740, 51.81. 64.85 MPa. SH#=
BN EE AR B IE S T RS B AR AR A
A, BRI, FBEESERRMET, 3 M
K7 3R PIEARIB T R — SO B 1248 K5 BESR
T AR B . ARIEIBIE R AR, "k 3
FhFE R 2h 7 R I ARS8 AR FE R 5 A0
BT CID AUEE (1D BAMEL. MR EmEs
FK 77 25 MPa(A #i) Ja BT InEn 355 M,
R, FEVERTENEBE (1), KA N -1 28 il £
PEEEENE, BEFRBASHI TGS,
BE A INE B FR AT, SR R AR R, [
B P2 AR SR, BB RSB T . TRV
BB (10D, ZBRE—08 R X fHESE, 6
HELZBLRR, S i ERE P BRAR I K, 3 FPIFR
75 3R BEARIB 5 R S BRI N .



11 TRIE S TR T 5 R I IR R AR E 8 R AR LA 5T 3989
o MBS o G5 AEAR R T2 F RN 0.206x107m? | 0.193 x
s | ! oa 10" m*.0.162x107"°m* , I 20 F 3N 1.746

S .l |, % 107" m* . 1.525x10"5m?, 0.896x10™°m?, JTopkE
5 ; F7 T 0.891 x107 m? . 0.996 X105 m? . 0.424
R o 102 1075 o SR ERT S A SO R P A5 SS9 2
0r A 1017 13515 AR AT DU T b S SRR BN JAki5 i
e Irvae L IR TN, HECU M 2 4 0%
R % A T s R, S R Sl 45
(@ R 43 SHEHIRZETEERAR
W=l 0 R SR B 0 R R B2 I R
S (e s L e oty (RHETIBIE SR, [ 7E e A2 o R
sofen R e 1o0 FER IR R A B VSIB 3 IR . Ay T S A
£ 45 Lo BRI pt 16 SCBE R A I AR T, 455 SCRR[32] 1k
§ iy 1.2 ; e Wit AT WG o, PEFTHSEULE 3.
£ st _ 108 fg PRI PR S AR Rl N CH A, K TS
30| g 0.4 SRR T BB ER . SRR TR IR E R
25— 0 0.30. 0.55. 1.05. 1.55. 2.05 MPa, S&E /150
A% T A A (R I AR, BT ORI AR P A R R A
(b) T AR, WA A RS R FRIE E . AR 2 5N
1.0, 2.5. 4.0 MPa.
o [T ol ] , 31
60 |—a— BB R 15RO o R 10 B3 BEERSHGIRD ) )
§ 55 | —o— BIEFR-I los ?E Table 3 Basic parameters of coal®»31-331
S50 2 WERT e 2R I Biot
407 104 & /GPa  /GPa v, /() " a °
33 : __-". 102 ' 9.75 3.0 0.244 36 0.527 1 244 48 0.55
25 lloconansscnnancssesssedtessiitod 0.0
00 02 04 06 08 1.0 1.2 14
T REAE/% TELRFFA B EA R IR, MESIARE S
() JokithE I3 R IARISIE ZRIB W B (LK 8), HiBIEHR[E

B 7 FERAS TIMEEEERARER
Fig.7 Permeability results of loading schemes under
mining disturbance

X EEA AT B 7 H A S S R ARG 25 R T LU
o PR B3 AU & 45 B BEE il m) A R 3
e, Sikseas R EE R B — 8. 1Rl
AUPY B C 1), SRR IIE(E 3% A LI IR IBIE R A
NSRS, SEIME . e BB A ST B 2 R A RS
EH AT 0.079%10""m? . 0.129 x107°m? .
0.114x107"m? , T RT3 0.242 %107 m? .
0.326x107°m? . 0.270x107"°m?, FoKEHE 5 T
B10.194%x10m? . 0.350x10°m? . 0.260x10™"°m? .
TEVESEI B CTD), PRI BEE R & 45 R 5 H
LT BESRIE IR DL I8 25 R ARSI 2 LU A
IRBIERA KiEE s, SCE . B8R S5 B

I )38 e ok g . fES R H 0.30 MPa T i 3
2.05 MPa it #Ed, HRFEERN 1.0, 2.5, 4.0 MPa
FIBARIBIE R MRIRFEIR T 0.643x10"° m? . 0.323 %
10"m?. 0.182x107°m? . 3 %% B [E AR FFHE E I,
A 3 DR 2508 A FH 51 A () 2 T AR T AR AR

1.0 r
—=—1.0 MPa

0.8 —e—2.5 MPa
t —a—4.0 MPa
L o6t
e L
%9 0.4
%
02 L\&\b\ﬂ_\_A

0.0

00 04 08 12 16 20 24
[AEH S/ MPa

B8 THRAAMEETEERARER

Fig.8 Permeability results under different gas pressures



3990 = +

R 2018 4

PEBE SRR SIS, AT CH. IR B 23 K,
2 PR, SRR o 1) 2K S T, PHZE LR
MBNIEIE, ARIBIE R,

XFEG o BT SR R 1208 T AR E R
iR (W 9 LA, AR EE S ETE T,
PRSI AT (R G 45 SR B SR e 77386 K
N SAKEAIM 030 MPa FHEF 2.05 MPa, A
R JE 43 SRR 1.04 2.5, 4.0 MPa (2B R &4
SRIH B Ta B LA 25 AR IR FEIK 0.698 x
10°m?. 0.347x10"°m?. 0.201x10"°m?, 37 5%
LA 25 B AR IR AR 0.783 x107°m? . 0.389 x
10"m? . 0.225x10m? . A i fe e,
PSR G 25 AT S Sl E AR w5, fa gy
I A AR T AL, IRERLA AT AL, f5
FAGE R s g ) (IR 4.

12 ¢
—e— Sl
Lor —o—
g —a— 7 A
3 0.8
Z 06
e
04
0.2
0.0 . . . . .
00 04 08 12 16 20 24
KKK 1/ MPa
(a) 1.0 MPa
06
—=— Sl
051 —o—JE ¥
3ol i
=
Z 03}
;’k,K;\} 0.2 o
0.1
0.0 . . . . .
00 04 08 12 16 20 24
SAKJEF1/ MPa
(b) 2.5 MPa
035
L —a— S E
0.30 T
E 025 | —— TR
S 020t
5 015 F
#®)
{3\ 0.10 |
0.05
0~00 1 1 1 1 1 J
00 04 08 12 16 20 24
S AK)E 1/ MPa
(c) 4.0 MPa

B9 ARSBENTEERUEGSER
Fig.9 Fitted results of permeability

R4 BERAGBESHRERE

Table 4 Fitting forms under different gas pressures

e 2%l K/ MPa
1.0 25 4.0
Eisp et 0.896 0.961 0.969
AR 0.869 0.897 0.863
=+ AN
5 é):u 4

(1) FETF =[N IRAF TS ERER, N
AT AL U E B R S I EE A, AL T
PR SRS 25 RE W B PR VB AT 47 B 2R PR S o
B IR WA S B AN ST

(2) HH=BIET, BARBEREIEMRFIK
Ja T R AR, 4 - AR I R B A AT )
SRR IO s CID RJE# (DD 3 M8
BB, ASSCHE I PRI SR T DUA A b S gk
Htbd g

(3) 3 FOFRILENINE BB T IIEARIZE R
AT RIS MERT (1) FgfS CID HABEL,
WERTSRAR I N V)5 BESRTT . PIRIEIE AR
P& G5 RAEINEN R AT REE — B AR (A, ThiAE
s EEUE L RIS GRS T AT A

(4) FRHEEIEER T, BREEREE
AT TN, RS IE R AR 0 15 45
RETATUARBLA BRI . BB & 45 R G
BRTALTTR, T SR .

2 % 3L W

(1] BAE, B, RN, & BORREIT RS IRIT

RIRPLIBT T B[], SRR, 2012, 37(4): 535—
542.
XIE He-ping, ZHOU Hong-wei, XUE Dong-jie, et al.
Research and consideration on deep coal mining and
critical mining depth[J]. Journal of China Coal Society,
2012, 37(4): 535—>542.

2] BEARA, FEMS, R, & BTN ARESE S

ARIEIRIRENRFERT FU[T]. A7 055 TREAAR, 2018,
37(5): 1080—1095.
XUE Dong-jie, ZHOU Hong-wei, PENG Rui-dong, et al.
Stress drop on strong disturbance of discontinuous
abutment pressure[J]. Chinese Journal of Rock
Mechanics and Engineering, 2018, 37(5): 1080—1095.

(3] WA, i, R, SF RS USRI RIS
IR GHRFTT]. SRR, 2013, 38(7): 1101—
1108.



11

RGeS TR T IS BRI RS 1B R T

3991

[4]

[7]

(8]

[10]

XIE He-ping, GAO Feng, ZHOU Hong-wei, et al. On
theoretical and modeling approach to mining enhanced
permeability for simultaneous exploitation of coal and
gas[J]. Journal of China Coal Society, 2013, 38(7):
1101—1108.

PAN Z J, CONNELL L D. Modelling permeability for
coal reservoirs: a review of analytical models and testing
data[J]. International Journal of Coal Geology, 2012,
92:1—44.

SHI J Q, DURUCAN S. Drawdown induced changes in
permeability of coalbeds: a new interpretation of the
reservoir response to primary recovery[J]. Transport in
Porous Media, 2004, 56(1): 1—16.

TSR, BRE, FRL. TR R ES AR S
FLITREA ) S PEBE AL D). 002, 2018, 39(2):
635—643.

QI Xian-Yin, LI Jia-zhuo, WANG Wei. An anisotropic
permeability model of coal containing methane based on
different directional modulus reduction ratios[J]. Rock
and Soil Mechanics, 2018, 39(2): 635—643.

FOeE, HKE, WL, & BEAEE S KENEE
BT R FRIRHT T[], A A 155 TR AR, 2011,
30(X8F) 2): 3401 —3406.

YIN Guang-zhi, JIANG Chang-bao, XU lJiang, et al.
Experimental study of influences for water content in
coalbed gas reservoirs on methane seepage[J]. Chinese
Journal of Rock Mechanics and Engineering, 2011,
30(Supp.2): 3401 —3406.

WREWI, 157, BUKE, & BEEEEREZ
SIRFFE[I]. A 1%, 2011, 32(8): 2512—2516.

CHEN lJin-gang, XU Ping, LAI Yong-xing, et al.
Research on dynamic variation effect of coal reservoirs
permeability[J]. Rock and Soil Mechanics, 2011, 32(8):
2512—2516.

CONNELL L D, LU M, PAN Z J. An analytical coal
permeability model for triaxial strain and stress
conditions[J]. International Journal of Coal Geology,
2010, 84(2): 103—114.

PERERA M S A, RANJITH P G, CHOI S K. Coal cleat
permeability for gas movement under triaxial, non-zero
lateral strain condition: a theoretical and experimental

study[J]. Fuel, 2013, 109: 389—399.

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

LU S Q, CHENG Y P, LI W. Model development and
analysis of the evolution of coal permeability under
different boundary conditions[J]. Journal of Natural Gas
Science and Engineering, 2016, 31: 129—138.

XIE J, GAO M Z, YU B, et al. Coal permeability model
on the effect of gas extraction within effective influence
zone[J]. Geomechanics and Geophysics for Geo-
Energy and Geo-Resources, 2015, 1(1—2): 15—27.
ZHANG N, LI X R, CHENG H M, et al. A coupled
damage-hydro-mechanical model for gas drainage in
low-permeability coalbeds[J]. Journal of Natural Gas
Science and Engineering, 2016, 35: 1032—1043.

JUY, WANG J G, WANG H J, et al. COz permeability of
fractured coal subject to confining pressures and elevated
temperature: experiments and modeling[J]. Science
China Technological Sciences, 2016, 59(12): 1931 —
1942.

HERE, U, OEAE, SF.OCSRBNEEW T B e
BEFRFACE RO, T E LR 2R, 2017,
46(3): 521—527.

XUE Yi, GAO Feng, GAO Ya-nan, et al. Research on
mining-induced permeability evolution model of
damaged coal in post-peak stage[J]. Journal of China
University of Mining & Technology, 2017, 46(3): 521 —
527.

XUE Y, GAO F, LIU X G et al. Theoretical and
numerical simulation of the mining-enhanced per-
meability model of damaged coal seam[J]. Geotechnical
& Geological Engineering, 2016, 34(5): 1425—1433.
XUE Y, GAOF, LIU X G et al. Permeability and pressure
distribution characteristics of the roadway surrounding
rock in the damaged zone of an excavation[J].

International Journal of Mining Science and
Technology, 2017, 27(2): 211—219.

R, FEM, R, & =N RS
FARFBRBETC[T]. BR AR, 2018, 43(7): 1930—
1937.

RONG Teng-long, ZHOU Hong-wei, WANG Lu-jun, et al.
Coal permeability model for gas movement under the
three-dimensional stress[J]. Journal of China Coal
Society. 2018, 43(7): 1930—1937.

LIU H H, RUTQVIST J. A new coal-permeability model:



3992 = +

71

2 2018 4F

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

internal swelling stress and fracture-matrix interaction[J].
Transport in Porous Media, 2010, 82(1): 157—171.
ZANG J, WANG K, ZHAO Y X. Evaluation of gas
sorption-induced internal swelling in coal[J]. Fuel, 2015,
143: 165—172.

WANG K, ZANG J, WANG G D, et al. Anisotropic
permeability evolution of coal with effective stress
variation and gas sorption: model development and
analysis[J]. International Journal of Coal Geology,
2014, 130(4): 53—65.

LIU J S, ELSWORTH D. Three-dimensional effects of
hydraulic conductivity enhancement and desaturation
around mined panels[J]. International Journal of Rock
Mechanics and Mining Sciences, 1997, 34(8): 1139—
1152.

ZHANG J C, ROEGIERS J C, SPETZLER H A.
Influence of stress on permeability around a borehole in
fractured porous media[J]. International Journal of
Rock Mechanics and Mining Sciences, 2004, 41(3): 496
—501.

HOCEt, R, XECE. BT Weibull AR S AR
IR R FAB IETTVERT AL ). e 2t 5 AR
1%, 2004, 23(19): 3226—3231.

CAO Wen-gui, ZHAO Ming-hua, LIU Cheng-xue. Study
on the model and its modifying method for rock softening
and damage based on Weibull random distribution[J].
Chinese Journal of Rock Mechanics and Engineering,
2004, 23(19): 3226—3231.

B, R, R A A RS AR
SR ETTILL]. KA, 2005, 36(3): 345—349.
YANG Ming-hui, ZHAO Ming-hua, CAO Wen-gui.
Method for determining the parameters of statistical
damage softening constitutive model for rock[J]. Journal
of Hydraulic Engineering, 2005, 36(3): 345—349.
ZEOCEE. SRBNFEE N SR K T IS R
FU[D]. EK: EPOKE, 2014,

LI Wen-pu. Research on mechanical characteristics and
gas migration law of coal influenced by mining[D].
Chongqing: Chongqing University, 2014.

S R R LRSS F R AR S AR IR (D). R
1 R EE T K2, 2014

(28]

[29]

[30]

[31]

[32]

[33]

YUAN Lei. Research on the pore structure of the middle
and high rank coal and its controlling factors[D]. Jiaozuo:
Henan Polytechnic University, 2014.

WA, FE A, ), S5 ARIFRFAT T RE) )
AT BT[], SRR, 2011, 36(7): 1067 —1074.
XIE He-ping, ZHOU Hong-wei, LIU Jian-feng, et al.
Mining-induced mechanical behavior in coal seams under
different mining layouts[J]. Journal of China Coal
Society, 2011, 36(7): 1067—1074.

SKRER. A FITFRTT A 135 2R 835 -5 inAT
NWFFED]. . MUK, 2016.

ZHANG Ze-tian. Multiphysics fields behavior of coal
under different mining layouts[D]. Chengdu: Sichuan
University, 2016.

R, XRREE SR X ARR] R i R K ROR St
TZH(). LT TREERRZE R (B RFERR), 2011,
30(5): 706—712.

ZHU Hong-qing, LIU Xing-kui. Fire prevention effects
and construction parameters of continuous nitrogen
injection in gob area[J]. Journal of Liaoning Technical
University(Natural Science), 2011, 30(5): 706—712.
BEARAN, FEH, T, 5 AFEINEGER AR
By 1AW S S R HLII[T]. R 244, 2016, 41(3): 595
—602.

XUE Dong-jie, ZHOU Hong-wei, WANG Zi-hui, et al.
Failure mechanism and mining-induced mechanical
properties of coal under different loading rates[J].
Journal of China Coal Society, 2016, 41(3): 595—
602.

VR, HfE, B, 55 BB LIS 3
Wi MR AR IR AIT FE [0]. 5 055 TREAEAR, 2013,
32(2): 225—230.

XU Jiang, CAO Jie, LI Bo-bo, et al. Experimental
research on response law of permeability of coal to pore
pressure[J]. Chinese Journal of Rock Mechanics and
Engineering, 2013, 32(2): 225—230.

MAZUMDER S, SIEMONS N, WOLF K H. Differential
swelling and permeability change of coal in response to
CO2 injection for enhanced coalbed methane[J].
International Journal of Coal Geology, 2008, 74(2):
123—138.



