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Spatial distribution law of permeability based on the mining-induced stress relief
boundary model of inclined coal seam in overlying strata
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Abstract: To explore the permeability distribution of overlying strata based on the mining-induced stress relief
boundary model in inclined coal seams. With surface subsidence and the stress distribution characteristics of coal
walls of the goaf as the medium, based on the correspondence between surface subsidence and overlying strata,

then combined with the definition of stress relief boundary, the distribution characteristics of overlying strata relief
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boundary at different dip angles were determined by theoretical derivation. In addition, the permeability spatial
distribution law is obtained through 3DEC numerical simulation and Python secondary development. The results
show that with the increase of the coal seam dip angle from 0° to 30°, the stress difference between two sides of
the coal walls increases from 0 MPa to 13.1 MPa, and the stress relief region increases from the original 38.4 m to
54.5 m in higher side of the goaf. The stress concentration position shifted by 0.4 m in lower side of the goaf, thus,

the stress relief boundary of lower side expanded. While the stress recovery position moved to the low side by 28.3
m in the central goaf, thus, stress relief boundary of goaf moved downward, and the maximum permeability
increased from 90 mD to 270 mD in overlying strata. The stress relief boundary model can describe the stress relief
degree and the corresponding spatial distribution of permeability well in overlying strata, which provides a reference
for the accurate dominant gas drainage area identification.

Key words: mining engineering; inclined coal seam; mining-induced stress; stress reliefboundary; gas migration;

overlying strata movement

][/

1 35

KB E I PR AL B IR AT PL AT 5 T R R 3L
@R — W2, AR A FE X RN A A R
TAFRRAET S, R T &S H kR
o, B ZAR bR EAE L S A, JF AR E
BEANRNEREERER. BRI 22808
BT FSVEANTN UL, ARl 2 R I R I bR TR
R R = S EBOR 2 X IS K AP
IR, S BUE A ERALE R R B AN, AN
IR IR AL SR A7, R = B A ) X
SRV S R HRAE T8 15 A A5 8] o A AN EL
RS EAE . Kk, WFFEETHRHREZ R
7 e 0 SRR [R5 R 2 A AR, MY
AT EESSERAE YR, T EXS T S E
Ji BLHTAS Al R 22 R EL 2L

HAT, SEXERNEEEL G NS RIAT, R2¥
TR T KBRS, S50, BRI T,
WAS 7 MR - FERENE T e AR i A B
Rrom AR IR o A AR AR, SR R SR i A2 sl
PR “ XL L B 6 0. B
2l S B 5 7 5 T8 RENRE L & VI %
DASEN [T LT B BRI =i v B
FEARTE S R BNH BUR SR e Rl T A 1 RS g n i
$EIN; AEFE 0 RAY BT LA BNZH TR 2%
PFF R BN BE AR IR S8 g intel. it
Bk, AR AR AT T 5K AL 2 AR B AN BT 5 B
BRI A W iR dE, JFa T E S
R ZHEEM AR R FAE KEMEEE T
o M WESE BB A A R BN R 2 FE
5 R AR R N, A AR R R R AT &
DoseResp PARK A o AR Bz o U 3 20w il

LI R R R ST Wi A Y B S, B e
KB ZBRATALE 1) B A s P

S J7 T, BRSNS N 115 5 R 53 i
R H B BG5S S B R
HHT T KEWF . H. Guo ZPIHiMfH K2 X 515
BT TR, HEHEREBERFELS R
PE, HERE TR ARBEBIEX. KFBEX,
KBEX . & BENEE ST ER R ES
W4T PNIBIE R o A AR B R4 X L Sk B
M HIEIRE . Tk AL T “ RN
A" = R T o P R T iR 4 SRR
VB I SRR TTIEM R T BRI 1538 T FAR
B, 3RAS T RIAIRMA - Wi N IBIE R A

N i = 1K DA P E A7 IR A8 A 0
BRI T e Hx BB R AT L B4
AT REMNERE, FEESL TN AR s N 1
(RIS b B i Jekc NI 1D N bl LT
FLRAEER . R, WTERIFRNE, Kl
NS AR R s E IS T, RN
DS FECRBNEED R AT R, UL
TR R B AR, 5 B0 e ) Uiz
Bz E P — iR 2. Bhah, FFRBERLN
DUAE b b 2 0 8 1 32 2 W 0 5 A PR e, LA DA e
WK ZN S BRI IE R A . Blith, 2
RUURE S 578 A A R S 8 A 1518 R 25 () 4y
fi, PRS2 FEHE AT B, TR
B BB R A A

BT, ARSC UM SR Bl ) R 10 Sy
BEflh, W R TR N PR R AR SR P IR S
MGG, T8I R B TR 7 A AR N ) oy
iR, E AR SR B 7 A R G Sy A A
A, iZH 3DEC 5 Python Bk &1/ 3, SRAFAS[EIHA
K22 SR B ) 301 553 A B 5 A B [958 05 22 45 () 43



<640+ A1 TR

2025 4

Ao WHFCE RN T A misiE R 2 W MEf PR S
S BL AR Al AL 0 A A B R A B 5 5
B o

2 REERZBEEEDFIRE

21 RIMERATEREMHEELRSH
2.1.1 SRR T8 A XKL A7 3 A R Ak

BRI RG B A = R TERIAIF R X
g, BEAEH AL HOR T TARE LA RS
TR B S B 1) 0 S B R R U2 PRI K
JEIPRFAT, Bn o RTE B — Bt DA R
DX AR, BEE RN, BEwe k. ik,
AR DTERB A N AT — e R HRDTRE
AR R AR KRR N

10.395. 2 (b - 1) (x)
BT (m-W(x)

A b AR RE, W) T b 3R T B B
(m), m NHETFRIEEm), o, N LR
£ (MPa).

K2 X J7 7 A B TR AR SR 2 XN Sk 23
BB AE MR, BE ()02 S 2 TR
[ (1) 78 2 5 ) AN SR AR T 5 AT R — A BB ) 53
i, B

o(x z) (1)

(x-1)

10395 (b-1) mq, cosa J-OL e
r

(x-1)°
mqg.coso L —m——
b |- IR ’dﬁ

o(x, z)=

r

yzcosa )
e g NI RS, o AEZEEMC), r AEE
FomifE r = H, /tan @ (m), @ ARBNEEWA(C), H,
NPEIIER(m), (o, 2) 78 A A T AR AR (m),
1 et ) T AR 73 DR B (m), - L A 351 T AR
73 XA EE (m) o
i 3 2Q2) I T 54T 27 o N A I TR
ST, TR BT R R SRR, 1R
JE I T — AN ER X, B S50 TR
PRES ORI, A B A AR R T ) L
KA X P s, MR BRI, KRR
JEIFRSEAE T AR M 7 1v PR B S X AR
s [X 42k
KBNS AR IEINEGH K, R4S X7 A
S SBUEE N RS, S HREEN SR /)

ORI 104, JRBEAN SR B g 4 rh R B 5
RDJFOREE . TRAR BT 200 B L Q8 2 45 K 3R % D) AH
KW, SCHE I I3 K IR A I N AT . T
WMo Bl 1R R TR W R B R Sz —, HoK
AR T E BT T B A R E O, AR
B iy A L= R sh Ja = B0 B A AR 1 = A
BRI G R ItL, B Mohn s vl DL it
KB HE MR,

! Sp | A DX SRR .
bomgx s RN X JEE R X
BT BREBEONSE g 73 X 3 AT R AN
Fig.l1 Characteristics of stress zone distribution on coal wall
sidel14]
FEHEXRARIGOL S, 7 A BB n e vl bl
B T AT TR, B
L =H(tan By (=HELT)

HxPW  PW? N
L, —[ ) - Stanﬂ]}/ (ﬁgﬁ/ﬁﬁf)

X B AMFE@m): PW N AR % B (m): »
NEEREE, — B 25000 N/m’; S NERE
HH(C).

TRBE B 0 Ak B 3 43 A v 8 AT B R
ﬁE[N]:

G)

3L,
D3
Aehe D RN ALE, B D =5.13VH W7
5 (m): L BT Nm): x 9 SR
Bi(m); o, (o) AT ELR A AE K7 16 B 4311 B K

st -3 2 X 7 D10 B 1 90 44 K g T R A0S

IR
1/(k=1)
%=ﬂK qj —q 5)
21{p+p

K m MR EE(m); ¢ ARG, THq=yH
HHIRE, E N=FARE, k=1+sing)/(-sing),
Hrb g N BEEE . — MRS, e IREE R A
BEHBBEMRN. REXLBERKH: RIFEZ
(¢=20"~30°). ($=37"). WHE(¢=40"~50°)=
HAKEE S BN 2, 3, 4. p AEJE(MPa);
p'=0o,) /(k=1), H oy ARRMEE. RN

(D-x)’ (4)

o,(x)=




a4 FH 3 W

FRENNAE: BT URVA 2 R sh B 0 10 AR R F 355 2 4% ) o) A AR . 641 +

fli 1+ 7] LU it Hoke-Brown K3k1§. o, =0, +

%@ikmj,ﬁ¢ﬁ@ﬁﬁﬂﬁmm$%mg
SRIER 0.2 15,

TSR BAVE [X P MR 317 ) 8 b o B 203
AR N2 P 40 A, T WA A IR M SR (4) 0 40

SO A0 2 PR ) 43 AT U R

[3% (D-x) + 7H}i <x,)
o,(x)={-? % ©)
3L ,
D; (D-x)"+yH (x=x,)

2.1.2 RANER T 55 1 E 3 SRR S AT

N T 3RAG7E R BT 1R AN [R) AL B s 5t
2, BN E T MR o AT IE . @I (3)
WREAERE B 5250 B B 00 78 e 8 fr ] A5 LI
Im#T
L =H’ytan B-z’ytan B (= FATEHAT)

HxPW  PW? 2 b
LSS_[ 2 —8tanﬁjy—zytanﬂ (AR

(7)
A z N ERE TR EE R (m). X (7) AT DA BER
T O TR A 0 B 2 P 7R S BRI R IR 28T o R
XY BATAEIE, IR RE URHAE 2 L RE o ) ) 3

8]

f=3

S

——
SUnO LS

%/iﬁ& 71/MPa
N

W
S
[=}

£
2
=
.]a
R
B

LN 1A N

o, (% 2)=

;L; (D - x - ztan )’ (®)

Hrb: D NFreBEAENNIERANE, HRNEA
[ RAE XS B, T PR B E TR B 2 AN R], AH B
N JEE AL B A KA AR R, X ()T 53
RAEKPMEIE, "5
D=5.13JH-z 9)
BaE TAEMESE R e, BB TR0xR
3o Bk, F I AFE 5 R A 3T 7 R
HFIE - KRBl 25 NN ED R REAE -5 A0 Y 52
T ATEFAL A, 0T CAS BIRFR R B T 78 5 1
R AT . BR7E 0 RaNFEEA, TR AN
PR TR B N1 173 A A BB o), DT 5
BAHEREEMEEVEE . Bk, FEHEARK
AR SR AR N S IR oA KT R )
Sy AT A R AR AR S A, X A R A
HREAT o IRAE,  PT CASRAR A [RI R AR = 7
FEN AW 2 fis. BRI E, BEE MR
AR RPURBUCARI “ DEIR” N oA, N4
oA RN A A R P ot SR P AT 3 K, T R X
V0 R AN D R A2 B e 2B R L, X AT RS2
THEAHERIAEE, f£—ERE LR 7R SHN

— N W b
oo O

KB 1/MPa
/
S

2 A[FIEIR SR R G N o A

Fig.2 Mining-induced stress distribution of overlying strata under different buried depths and mining heights
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Table 1 Physico-mechanical parameters of coal and rock mass
s ey N TR i T A L Jgﬁ?/ FE S v
E4 s m (kg * m %) #/GPa #/GPa ) MPa J¥/MPa
1 %EE 2000 1600 1.6 06 17 02 0.6
2 KW 180 2300 280 128 34 48 5.6
3 hEbE 320 2450  43.0 260 35 5.6 6.2
4 1-12 180 1350 162 62 20 28 3.2
5 MbE 170 2400 384 168 33 44 52
6 1-272 140 1350 162 62 20 28 3.2
7 MBS 200 2300 280 128 34 48 5.6
8§ HMWE 700 2450 430 260 35 56 62
9 2-1#ZE 400 1350 162 62 20 28 3.2
10 #WbE 330 2300 280 128 28 48 5.6
11 2-2Mit)2 340 1350 162 62 20 28 3.2
12 BEbE 250 2400 384 168 28 44 52
13 HwE 1960 2450 430 260 35 5.6 6.2
14 HwWHE 250 2300 280 128 34 4.8 5.6
15 3MZE 156 1350 162 62 20 2.8 32
16 B 3.65 2450 430 260 35 56 62
17 B 1170 2300 280 128 34 48 5.6
18 BRE 150 2400 384 168 33 44 52
19 4ME 281 1350 162 62 20 2.8 3.2
20 JR¥E 250 2400 384 168 33 44 52
21 Wb 460 2400 384 168 33 4.4 52
22 HwbE 410 2400 304 158 30 6.0 52
23 P 860 2400 384 168 33 44 52
24 HEPE 630 2450 430 260 35 56 62
25 thibE 1.80 2300 280 128 34 4.8 5.6
26 SMEE 523 1350 162 62 20 28 3.2
27  MibE 250 2400 384 168 33 4.4 52
28 hbs 7.00 2400 384 168 33 44 52
29 ER#& 320 2300 280 128 34 48 5.6
30 MRME 9.0 2400 384 168 33 44 52
31 6MEE 360 1350 162 62 20 28 3.2
32 MmbAE 410 2300 280 128 34 4.8 5.6
33 HmbE 390 2400 304 158 30 6.0 52
34 HwbE 360 2400 304 158 30 6.0 52
35 ER#& 420 2300 280 128 34 48 5.6
F2 BREVHEAFSH

Table 2 Mechanical parameters of coal seam joint surface

BenlE  RIRIE, BIUIRIEE, O BEEES) BR1 Bibnameg/
2y i GPa GPa ) MPa MPa
e~ 28.7 21.5 15.0 0.08 0.088
wiba 131.6 98.7 263 1.92 2.112
b 291.9 218.9 30.0 1.12 1232
S 875.0 656.3 33.8 2.24 2.464
A 4375 328.1 35.0 2.24 2.464
TR 178.5 133.9 33.8 1.76 1.936
e 102.0 76.5 325 1.76 1.936
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Fig.9 Mining-induced stress distribution of overlying strata under different excavation distances and asymmetric degrees
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Fig.10 Correspondence between mining-induced stress and surface subsidence under different asymmetric degrees
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