41 K% 2 M B K FF R CERAF R 2019 %2 A
Vol. 41 No. 2 Journal of Southwest University (Natural Science Edition) Feb. 2019

DOI: 10. 13718/j. cnki. xdzk. 2019. 02. 018

REREEEFEXTEME(E)E
4L e Rz 4FAE IR I T R

Wi, e AT

1. W TR b 24 TR0, M 4511915 2. BN Tl H vl B, #5H 451150

WE. ARG ERAEMERBRETRERN THEEERAMAE, WAAZHANAER - T = M4 RIERS
RIXBEZG, RAFTERAERATHELSH THMASERNRBMR., REESEEAW. () 5EFAMELRERET
SREED, BESEEEY RS THESSERGYm: (D BESSERHFS K=ae * 25X, MoEHK
o MEENI S BRRBAKRGAS; (3) E, BEH A 1~10 MPa LB A, BERSERZRHBL K=
15.335 89¢ 2 —0.276 430, e P M EHKEL. FRERARDEN THBERARBELALRE, FAY
AT 455U B LA — % 69 £33 & L.

X E O WE; BE; KBRAL; LN 5%

FEDES: X936 XEtREML: A XEHS: 1673 -9868(2019)02 - 0135 - 06

AR SRS TT 2R TR BE AN T 3 s B2 Vet Bl 2 o A, B BU I il R BORE R W] . 3R [ 26 R 0
W2 S R BCAR . ARGE A VEREZ 35 M B R v 2 BT AR AR, X RO A B AR R OCHET |
ST R B o (B R0 S R R LR L AL (R . R R IR A A 2 R RS L R R ) 3 B
B EARDE T LB WAL, B B R AEAR QR B b 4 Wk Tl g 137 g S i 7 g

X B I8 7 SR AR AL RRAE , AT 3T T B BT (AR 78 3 S AL LA % 1 U R T R s e
BB R RN R AR RS R S R R W 0 o g o R v IR 9 O R B (A AR e S T
AN AN ] B B 0 BRRROG 3 5 E BB L AR m AT A S R R R A 1O I S B AR v, 9B SR AT RN
TS A B4 S B AR VR s B R A A A O T N 28 1 R R 98 0 1 5 Ok T 2
fydh R JF HLB R 54 (ED 2 R R G EOCR s SUEES BRFE R W, i 800 B b iy F 22 JE i K
P () HE VR T A5 3o BT B VR 5 WA R . TR AR (9 /N LB e T IR B B R I K/l C. R. Mckee 55
() BF 7 AR 3037 92 B D THT AL TE W) 1 AR 78 7 0 g A R 2 i R R O FR s WO T A TR
B F W VRARNL S AL, B FUIHT 7 6 S WA BT A5 X 52 3% FUIUR L8 38 e 3 i R AT T 40T
AR — G OL T o HERE IR 35 SR AT RON 1 (¥ 38 T 52 B AR BB LG & s T 55 T R . e A
Ie] FEL P 2% 0 o HERE 0 38 SR L IR 0 3 R e /N R B BRI 2R 2 TR R BOG &R B RSE T ET R
W15 375 2% I 11 P (1) 48 DRI 0B/ o 18 3 3 A B g — 7 28 0 5 B0 8 ) 1 T #4355 Rongkun Pan 45 % B
ANTR)JZ BET5 I HEAT TOMNENER S B2 BR A R X R ARSI R AR R, T 28 e e 2R SO R AR XA
L suR: REREE I/

O Wk HM. 2018-07-24
HeETE. ERARBAILSTHE (51604091) 5 1R A 5 5 AR T 45 F#BIH (2017GGIS153)
EZ A Hi = (1981 -, B, Wi, fl#dz, =8 MNEG I 5 & B0 5 B 6 I 1 A9 BHIF 5 30 T 4.



2 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 41 %

IR S ST R B R 2 3 R 5 K A2 LT B i S A 5 R HEAT TR AR SC LA SO AR AT 2 IR
AR BIRABETE XS R GRIEE)Z 3 T R RO AR o A R SRR 300 26 47 Al e R B0 1 o 480 28 1) 195 20 T
I 8 R A ) B B 938 R, 3 i sl T 52 P B il s 5 68 7 998 o R R/ IMBCE M B OF X2
BEARE P Z A SC R BEAT R G, LUIXH AR TU A b >R a5 9 il LA B R I —E i BRI 4R

1 RBEZEFR
1.1 REERS

SR =l ] i 45 L 4 L T - N AR B
TR R G B R AN R . O
[ ELH R 77 o AN ) AR He gy DA B AS T 1)
;1 35 55 08 45 A R B B T AR B IR R
P, SR AR ik FC 0T M o AR Y I A
X FU T MR 4 38 T R P A 0 kB A3 A
SCEAEEANE 1 R
1.2 RIEHES

T 50 A Of VR T SCMRE A 1A e
TR )R 2 O B R R
RS, TEIEZ BB BT R, R 1 ol s 2 WRIERD: 3. EIER: 4. FEIREE: 5. TR 6. BIEME AL 7.
Fom ZUAY AN 5 B, R A A BURE B RS 8. MR, o SRR 10, HA AR 1L AR
B S £ R R R B A B, ] S 1 B1 Z#HABRERENEA-NEERRBES
FANMLERB SRR 21
KL BN IR BRI FE B A2 @ =50 mm, KJ¥ /=100 mm.

XFEERE S S B AT, B RS HEE . I (TRD, g/cm®) | RIS B (ARD » g/cm’) | H
M5 R B ED  FLBR (KL Y0 FUNTBCBOR 3 B (Ap) 45, MHAZE R 3k 1 iR,

*1 TREHEASH

R U307 R ) FLBERK D/ E%”‘TE(TR/D)/ ?JE'%VE?(AR/D)/
(AP) % (gecm ) (geem )
0.96 7.8 12.430 8 1.635 2 1.564 5
0.98 6.9 11.599 7 1.724 7 1.435 8
1. 07 7.4 10. 260 9 1.697 7 1.523 5

1.3 REAE
T WL XA R VR R OB A R e, a0 R B R A 20 CCEAE, BhE A BIRE R 2.0,
4.0,6.0,8.0,10. 0 MPa; [BEZEIAE 2. 0~10. 0 Mpa, [F]H}h TS 0] GRAL L SCIHEAE A1 5 22 ™ 3R 1 —,
PR X TR B, BU AR 7 36 FZ 0 X B 0 45 5 B0 HE 7 9 F- 25 (6 0. 8 MPa, Hili il £t F 2 BUB™
B3 U B EC 3T IR 1 15 kPa. IR R & 2800 BIABUE 2 L3 2.
F2 BMEBMHRRAE

24 5 BT R J1/MPa 7% 71 K / MPa 41 J /MPa [l [t/ MPa
1 0.8 15 2 2.0~10.0
2 4 2.0~10.0
3 6 2.0~10.0
4 8 2.0~10.0
5 10 2.0~10.0




% 24 WP R, F. ARSHEAR G S AT A e g (B R E AL R 4 AR K I AT R 3

2 REERKSH

2.1 AEHMEERATREESEXHMEEZLSH
RIS R GRS BT S ARTE R th s, SRR R T IR P B B, R R A R R BT
BEFENENSE, WBER KmD). iHHEAXWNT .
2uP QL
K = . (D
[P,—(P,—P)"]S
K BB&ER, mD; Q, NI, cm®/s; P, NI KM FRAIE, MPa; p KR sh 1 #idE R4
10.8X10 “Pa = s; P, NSO E S, HAE 0.5 MPa; P, IS T /7, B 0.1 MPa; L M
B, BC10 em.

38 1 I 4 AR BB 7E 2. 0.4. 0,6.0,8.0,10. 0 MPa DI S I FETE 2. 0~10. 0 MPa B EAE (115 35 2 A8
LM & &, i 2 iR,

MR 2 AT LA . JERE I FOIT I8 3 R 5 i 22 [ =2 [ 1y il 2 3 1 48 2ok 85, iR i 2k BB M 2 MPa
BME] 4 MPa i), B ER FBEBEBED, M 4 MPa 2 10 MPa i, BERK FEMAZH#E T % 18
JRHAE T . PR 2 i 8 R i A v, R 2 R R A T URER AR T R N R A A A LB (B
SR AR N B R G, PR B R AN, W2 R AR TR R R . [ A B T R
FWIHOTI R R AR A S B 8 R R WL A A A 3R () M HR BOR RO B 1 IR A XA 1R B R 5 i
ZHEAEATIA . TSR 3 h BB R HIE R .

K —ae” (2)
Kb a0 YIHIE REL
x3I AEAMETEEX-BEREHEBEUELANX
i IR/ MPa Fil /£ /MPa AEARK R?
2 2.0~1 K =14. 467 23¢ 7 0.998 45
4 K—=14.467 23¢ 7 0.997 98
6 K—=14.586 68¢ 0.996 81
K=14.597 55¢ " 0.995 97
10 K=14.691 73¢ 7 0. 998 86

ML . AR R . R 3976 0,99 DLE . 52 IR IR |78 23 20 % 1% BB 1P 18 1 3¢ %
FE 2 6] 1401 2 45 5 LA AR 8 0 1 £ i
2.2 HE, BEMSERRBES M AR EER LS

e 3 AL, 5 A A AR PG RE b BT —0. 45, S BIE A b BN b— —0. 45, HY
VS P
K =qe '
o A BB A ) EHAE 2 Y oo B4 ST A 75 5] % 4.

K4 b=—0.45HARAMETEBE-FAEMALR

(3

20 5 4 &/ MPa [l [k / MPa A R?
1 2 1~10 K—14.832 18¢ 2 0.992 47
2 4 1~10 K —14. 845 68¢ 2 0.993 65
3 6 1~10 K —=14.535 68 2 0.994 23
1 8 1~10 K=14. 676 84e 2 0.995 32

5 10 1~10 K =14. 686 89¢ 0. 996 41




4 BHXFFROAARFFR) http://xbbjb. swu. edu. cn % 41 %

Tr -
i 6
6 L
- 5_

BIER /mD
[99)
1
BIER /mD
[99)

b 2r
b Ir
0r ok
2 4 6 8 10 2 4 6 8 10
/£ /MPa El/E /MPa
(a) %% 2 MPa BRI G HIZ (b) HE 4 MPa IR G HIZ

] 6
6 | I
I s
51 I
4 =

BIEE /mD
[99)
1
BIEE /mD
[99)
1

2 _ 2 F
1 _ 1F
0 ok
1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 2 4 6 8 10
El/E /MPa El/E /MPa
(c) Hh/E 6 MPa ESf L& 2% (d) %h/E 8 MPa ES Il & 2%
6 —
5 -
4 -
A I
£
oo
ol
© 2f
1 -
0 -
] ! ! ! !
2 4 6 8 10
ElE /MPa

() #AFE 10 MPa FYBII L H12%
B2 FEMEERATRESSRMEETL ML
FRAXWHBITEAE, R4 TTHERLBAME R KRB R, WREBIME R o BE TR
Fh B2RE LA SR, RIb T DOAK, 78 LRI A R« SHEER — R LR, X
A R o SHEIATIIE PR 2 A 3.
WE R o« SHIRPRECER .
« =15. 335 89 — 0. 276 430, D
AR O AANK G AT IR . B E R0 RECC R .
K =15.335 89¢ " —0.276 430,¢

-
150,

5



%24 WP R, F. ARSHEAR G S AT A e g (B R E AL R 4 AR K I AT R 5

IR O LLE N, BBERMBEEREAEECCR, SHME RN CR, 1515 3 BE B S 38 K s
JIN T X 32 3 256 1) 5 i g T il .

Kb e L B R XT38 35 5 i 50 Bl 54U A AT B E S T o, W 4 FoR. AT LUE HFE LR
P=0.8 MPa, WRJEN T=20 CIHEH T, HE. BIEHLE 2~10 MPa MK, HEBERWIKBHESA
X G M RAEY G B AR 5.

15.0 .

14.5

14.0 - - .

s i .

13.5F .

13.0
I -
12.5 L 1 I I L
2 4 6 8 10

H/E /MPa ElE /MPa
B3 BERM« SHEXR B4 BHSEERESHUANEELNE

AN N SUB 2R 00—, )2, FERUITE ST 1.0 MPa, R 20 °C, HiE . BIETE 2~10 MPa 2
A B &R K A5G a6 R LA

3 & i

P 4 07 7 7 A =l ) A 47 30 92 U 6 R 8, A A [ il T B LT A TR A 9 328 1 A 1P 1) B S
BERIAT TSR BRI

D AR08 7 A A Bl e CFRL D o 28 s v AN BT R I, AT i s B0 TP 2 FBL X 38 38 R S T
e T

2) MESBBERGEE K=ac * XFR, B EE « MEHITE QTR R KRB, $E8 2K
5MEMSE a=15.426 23—0. 261 940, IR A,

3) iR, Bl 2~10 MPa Bt , W% HIB % %0 2 K =15. 335 89¢ ~ ~—0.276 430,¢ * MEE.

S E 3k

(1] #& . A 5, 20, 5 B PREEEEASR (1] W KF¥M A LRF¥0, 2013, 35(2) . 148—154.

(2] kg, P&, BUSA, . & A B E R AS TR AR IE S LT s il g (U], #Em2£4R, 2011, 36(5): 802—807.

(3] = Mg, 2, AT, % ARBREES S EHESERSEmMP R (] BREA, 2015, 34(10): 130—132,

(4] Zmml, kMg, A7 F. SRR Ry N AR I AR P (88 RECR AR AR (1], BT S5 8#R . 2001, 29(1): 22—24.

(5] E&R, x g, Fotak, % REGREZEESLmZmEEEN [J]. 51 0%, 2010, 31(11): 3469—3474.

(6] Ref, I W, WARE, % AN AOBETSLHESEHEENSROIR (1] RT 5% TR¥%E. 2012,
29(4); 570—574,

(7] #EEM, FHeE, 2R, & AR AEEN TGRS REES I [J]. ERERKXF% M, 2008, 34(12):
1436—1440.

(8] # #F, WK, & &, F. HEEMNNEERDIESBEEHECHEDE (1], SRS, 2012, 37(6): 984—987.

[o] FhEEl, 4B=de, 2, . wJF TR UM H sl SRR R 08 R I 59080 [J]. TUm K%M aRF
20D, 2014, 36(12): 201—206.

(100 BT, BT, BT, % =W AERATHALE B SNSRI (1. ALy Epi¥4H. 1996, 16(4) .



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 41 %

308—311.

[11] #EF, & ¥, £ 8l % ZESRHESELEEWEE SN U] RO 5L2TR¥M, 2014, 31(2): 322—327.

(12] T, Evw, KEF. BE. WM& RS ERER L RmAtsr (). AR S &R, 2015, 37(4);
364—367.

[13] FEJ73R, AN, W%, . BAeN R BB &Rt st (] Bxvd, 2012, 37(D): 107—112.

[14] PAN Rong-kun, CHENG Yuan-ping, YUAN Liang, et al. Effect of Bedding Structural Diversity of Coal on Permeability
Evolution and Gas Disasters Control with Coal Mining [ J]. Nat Hazards, 2014, 73: 531 —546.

(157 #holer, SRR, TREGAR, 5. Bl 57 ) 78 2RO 8 846 0 T & [T E et s [T, A 15 TR %, 2016,
35(5): 928—938.

[16] XUE Yi, GAO Feng, LIU Xing-guang. Effect of Damage Evolution of Coal on Permeability Variation and Analysis of
Gas Outburst Hazard with Coal Mining [J]. Nat Hazards, 2015, 79: 999—1013.

(17 BRAEG. K 0N ) B e B R b i A 3 AT (D). PR TR 24 4R CF AR D+ 2018, 32(7): 118—123, 150,

An Experimental Study on the Response of Seepage Characteristics
of Low Permeability Coal to Its Loading Axis/Confining Pressure

TIAN Kun-yun', LI Xiao-li*

1. Department of Safety Science & Engineering, Henan University of Engineering, Zhengzhou 451191, China ;

2. Zhengzhou Industry Technicians College s Zhengzhou 451150, China

Abstract: In order to understand the laws of permeability variation of low permeable coal samples under
changing axle loads and confining pressures, an experimental research was conducted on coal permeability
under different confining pressures and axle loads using a self-developed resultant stress-strain triaxial
seepage test system based on servo temperature control. The test results demonstrated that permeability
decreased with changes in axle load and confining pressure, but confining pressure exerted greater effects

on permeability than axle load; that the relation of confining pressure to permeability could be expressed as

K=ae ", where the fitting coefficient a decreased steadily as the axle load increased; and when the ax-
le load and the confining pressure were within the range of 1~10 MPa, their relation to permeability could

0. 450, ). 450,

be written as K =15. 335 89¢ —0. 276 436167( . These results are expected to lay a theoretical ba-
sis for the evolution of permeability during mining.

Key words: axis pressure; confining pressure; experimental research; gas; permeability
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