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Abstract: Under high-intensity coal mining disturbance, the overlying strata undergo movement and deforma-
tion, forming a complex network of mining-induced fractures. These fractures can easily penetrate loose aqui-
fers and gradually extend to the surface, leading to ecological damage in mining areas and posing serious
threats to safe production in the working face. Based on this, taking Shangwan Coal Mine as the research back-
ground, this study analyzes the spatiotemporal evolution characteristics of mining-induced fractures in overly-
ing strata using methods such as physical simulation and fractal theory. Meanwhile, based on fractal image
features, voids in overlying strata during the advance of the working face are identified, revealing the spatial
distribution and evolution patterns of mining-induced void ratios in overlying strata. A design for coordinated
grouting for damage reduction is proposed, targeting "near-field caved zone and far-field high-level separation
voids" during mining, along with post-mining grouting for stabilizing residual voids to mitigate damage. Rea-
sonable grouting spaces and timing parameters are provided. The results show that due to the synergistic guid-
ing and controlling effects of thick hard rock layers and thick soft rock buffer layers, the height of separation
spaces and the fractal dimension in overlying strata exhibit coordinated evolution characteristics. As the work-
ing face advances, the fractal dimension of overlying fractures shows a step-like fluctuating downward trend,
while the void ratio decreases nonlinearly. After the working face reaches full and sufficient mining, the over-
lying fracture field presents an asymmetric void morphology, with a void ratio of 2. 37%. The fracture network
in overlying strata expands and evolves spatially, propagating from bottom to top and from surface to interior
with mining-induced damage conduction. The distribution of fractal dimensions shows a regular fluctuating
downward trend, and its expansion space develops from an arch shape to a trapezoidal depth. The research
findings provide scientific reference for damage-reducing mining in similar mines in the Shendong mining area.
Key words: Coal mining; Overburden fracture; Fractal dimension; Porosity evolution; Damage mitigation

grouting

W A ¢ BT DT SR 128 W 1) DU PR e A%, D R
DETRHEIR L TSR RIS AN HIUZ A5 52 2% i ot
R R B TT SRR H 2™ o s BT R AR
S, RS R R A RS T RS A T
WEJZ b7 T8 s o R A il R U
JEAT SRR SR R shig ) Y i 2% 1R 3l
PR 2 I S B AR O K2 I 3% S fif 2
W, V5 A K BD HLRIBBAAF R E . I,
HERG 292 R B B 0 A TR A SRR AR K B 7
AL T #r EAA = sh LA R DR
T LA K TAE T 22 4 A A HAT B R

WFFE R B, SR 3 2485 N 2% HAT B 0 i 73 2
e I S FLET IS RS K F PG Mk
UURESF OCHE T AR T2 pr TR R 3l
S AL XE L MR, R TR sl 4B
AL U AT ST J2 2R R 7 % N SR AR (S AL
PIJT T o XSRS SR R T EL R R T 4y 2T
KA BT BT R 25 DX BT 1A 2R B B YT -
HE-FRE " B Bk K Pk A U, 48 IR 4R R
A XI55, O Pl R DCE (4 B K
it o Meng et al. " i ) B AL I0 5 1, RGE

R TH 2R LA R RED S HAIE AT
A K . Liu et al. "™ 5 T AU AN /0K
Ao B9 T 2 )2 R HUF RS & 1 24BN 4%
AL AT HRAE T T 88 I S5 3R AR B 1
SE R, I T BRI GE & B B B4R
SR ZLBAT B R ROC R BB S AR 1 AR

AL S5 5 A B BRE, BEH Menger 74
ST RY Ny SR S X V5V o AR S IR S AR 4
T ORA VST A PR AR R R I R
2, T 1R A XS TR AR s B K B . AR
PURE B b b iR RS B2 J2 00 A, 5 5 0 T B 445
AT RAER DB R . HE " 2
/S R YN et P S g T PR WA S g a2 13
HAR L, N XU 20 " BRAE 8 7 R 3 T A 4 B
MW A PR CBUE R AR RS TR B AE T E
AP AR e ERGA . REE " EA
I i T AR EELE R G B 2 BEAE  XoR s X R
R U T @ B A WFFCR ghsg m T 7 A
SABRAY AT FRAE A5 2] T BT A N LR S
LN E s 25 BOR B3 LA 20 TR E D 3R



SRR < JREAE A SR RO T (R E TR R M 5 2 B A AT © 3.

VoA Ny G = Y T YEAR R LR S T 4
ot Ry e X, S T R AR -5 5B
IR B R T8 A 2R E R T /B B AR
A BEARAR SR E S A il
BHAE T PPN T RSB S A B K B RRAE
T AR T 0 G B DU By By A AR R A
SE AR T SR B L, Ry R T R e
AP A AE bR . BRILAED S5 A 00 L Ee
e PR 5 S R o0 T8 A B Ak T o S P T4 | e
HEEAE SRR R AR 4E DO B Be . Ran et
al. PR FHARRIBELSL S, 00T T 2 iR 2 i 2
TIPSR N A VS TR IE SR Sh BRI AR A
B B S S RO AL, R 5T SR 40 B 4 BOR B AE
14k

TEBUERLT T, B HOTE (DEM) AR H
RS FFRAERE S7, AT B VB B B B h
S fl AT Ry A ATE 5 R 20 2R B I 45 T AR ML 1 1)
BT H, SO7AE R H UDEC B A H 4K
PRRIF 5 R 28 X7 b 1 R 28 B v T A, ARl R
XA T UUE, A BR2S XALBUR = 45
AR TR AT T BUE R B A LA
R i RAE TR 2h 7 A 2 N 45 3 1) sh A i
WAL TERRE . S OCEDY AL AR
AR AR 53 43 W7 ) I8 R T 2Rk 2s
X R h 7 2R & B s [ AR AR A T A
BRI LR AE T 78 55 R o X AR AE
ORI K RO o W N U N e e Ny
et al. PVIEF L

Ny

Wang

B = e S REALA Y S

K1 R s R AR

ey 5 vl FLIR R R B R S M R DAY
PR AR = HESH A AL, $8R R R B
A = e R AL A

LR LRTIR, HATR TRUA RSl B R LR
ik Z 8 b T SRR BT AL, T LS
(8] i) AL AR 22 A vh T RS2 23 [0 PU oy otk B2 T
RAL B A B A, AR A R LR A
A TS AR SRl LK R 2 25 [ ) A R AEAR
HETFU 7K B I 285 (0 AR, AN A T B 1
WA IS 2 SRR BT . FE T, AR SCUL B
AR AR AT 5, a5 A MRS
I BB SR 28 DX 2 SR gl SRt I 246 ) 25 3 A1 1L
FEREAT TR RAL 78 T80 25 BRI AL L
i, AT 2 3R A B AR DX [ S A el TR 4
PRbR S

il

1 IEE=

q

VS RE AR DR R e £ SR T T i ] A A 1)
K 299. 2m, #fE #F K B 5254, 8m, B TR &
8. 6m; Ml Ry JFHILFL, 5 5 22 AL AR 85 0 |
AHS s AL Sy I il A, 5 AR I (12510) 4
B TAEMATU RIS, & A R A T E A
FLETON K A AR B A O FR e A s A
TR IK AR RD A o T AR TR B,
FE MR R K R, BRI 1
B o




na PidL IR (A AR

2 BaZERZEAAEEURIE

2.1 SREHITERE

TR S 4B (04 B0 A0 42 Jey T AR LA
SEER 3 RL AR R R e A A B R S T
AP AL LR A RRAE , DA LR o T A
WL R S 0518 SHRE" . FEAE R BIE
AEA AU 32 438 J LA 3190 7] i R AR
A RSN AMBE AT, B RHME &
TFHEBOE 27 8 R SR M 2% A — T
1515y BB WA T, T4 He ARl R B8 45 /D W A% R
SPHEATRE A A3 T TR 5 SRR I 4 Y ST AR
NS & FAERD ., S8 T K r i
W EIAS TEEE A NG, TR (1D ER

lg(N(r))

D =-lim
Igr

(1)

ARz FH Image) B4 X8 I 42 2o 4 vh 5 2
W IR AT B AL MR AL 3, LR (R AE S B,
H R ME A2, IEF) F Fractal Box Count {4315
L B M 25 507 R O TR e85, LS s
AR AIES W 2 s .

T B b i EESEEEEEEE
B2 R dER PR Ak Bl R A5

Fig. 2 Fractal dimension image processing and

its calculation

2.2 BEXRDHEBRIEELNE

2.2.1 RIFPrATEESH GBEAIE D
VR RE R OR s AR T R SR T AR AR
BOARLEE R C = 1:200, FEAHMLC=1:1.5
(#H2).C= 1 TURZE) W AL €, =C xC |, R
1:300, BF[E] AL HE C=1: 10, AH AR 7Y 525657 &5
AR SF KX FEX R =1625 mmx200 mmX 1165 mm.
P TR AR RS (8 BRI, ABE40L 4288 23 R 8 i o
R 1425 mm ; Fe BEAFARL EL 3 F 5, % g S s B
BN 285 m, AR FE SRR 219 m, T
VETH B T3 B R 15 m/d, i THZ8 % 1 4/6 T
VA, M TLART AR AL e (12200 ) F s ) AHARL HE (1

10), Bl 4F 1. 8 /NBF FFHE 7.5 em, 3B 0. 6 /N IF
25— SRR AR RPN TR 8h 785 R 1Y)
FEARD MR YR TT T 0 425 45 S ) BEAR U
P [ MR PEl 1 i)

AR T 2 3 A P A W WTIR S B LI 4
B R AE 3 PR, BT BRI AR TR
T EWWRT S S A e R BN IS WA R R . B
R Z B RO 2+ R R o )2 1 =
AR, B2 BRI AL 7 S 05 A e
O BERE AR T A AR, L T0AZ B R S T
U= A LB, 0 T8 e B in . &l 3 (a) T
7, 2 T AR E 2 90 m I, B2 10 56 4 0% W 5
W RS R ESARTI, AR T 7R 4R
YEHI DA B R TF R 23 (8], R Jr A AE B e i 2 28
], BoRS A A e B R 1. 55, kB Bk s
AR T A b e 4 A TR T T A 0 Ak
PEVE  HEARTIUR J7 B )2 4, Vs VR R
J 28 T AR e 120 m N 78 A 2 B o T 4 $ho
INZE 1. 56, 24 B i 2 ik B BEAS T Wy 20 B e
AT R )8 2 R A W W, A& 3 (b) i
ALY T AR HTHEDE R 165 m N, FEA T & Hplsh A
SRS AT 2GRS X R
Bk o He 5, R B Ui 15 5 28 3 00482, [RIR B
EEZHBERE S st A R 4R 1. 40,
FHXTFEAR T 10. 3%, B FEAS T ] 300 1 O, >R
PG FREEY RE , FOCHEE T B 2 %8 [
Wk w2 T AR 195 m I, BT A LB B
Bk 1.38, I B AR . WE 3 (c) FiR, Y
T AR 2 225 m A, B SCHEZ BT, R e
G IR TR HCE 2 2% vp 2 e 5
JZ ) E A% S 2Reas X A R TH R 52, IS 4
TE 4 B AR 2 1. 19, A X R AR 13. 77%. dn &l 3
()R, B FIEHRCEZ MmN, I T 8 K3
AE ST, 24 T AR mHEDE 2 255 m B, JERCH 2SR
UL, 88225 (B S8 4 P, R) A S i b 3 DX S0 Al
Y AL )2 WL A A TR 4Rk 1. 23, A XF
BN 3. 36% , I IR IHEIL S, 3R i T A
Pia YR AR AT SN EEY R, %
HABR I RGN . W 3 (e) R, 4 T
VRIS 2 285 m B, 2 H AR IR R AR AR TR bR DT
Fa, B2 e A R 2 Kl R SRR
I I B A A 8 4 BCRE AR 2 1017, AR O R IR
4.88%.

ZE L RTIR  JEAE 2 A 2K AR RRE R 25 2 25 (]



SR A5 ¢ JELRE 5 250 TS g R R T SR A SRR 3 I 5 2 A AR -5
of . EREE
Lens

YO

“I'g(N(r)) =9.02-1.551g(r)

(b)

HEPE 165 m

Ig(N(r)

o

4l

Hlg(N(r)) =9.85-1.401g(r)
D=1.40
R*=0.99

:rD=155
21 R =0.99
J’\ 05 10 15 20 25 30 35 40 45
e lg(n)
(a) HEH 90 m
9t = SRR
Eiziecy

®

= SIHR
EAiEUse)

(e)
Pl 3 A i 4 2 it B T AP R S I 4 R

Fig. 3 During the process of advancing the working face, the overlying rock fractures, binary images, and fractal di-

ek 285 m

S
£
Ig(N(r)) =9.8-1.191g(r)
srD=1.19 S
JRT=0997
05 1.0 15 20 25 3.0 35 4.0 45
lg(r)
. = SEIRHEE
oL S
ol
*Mg(N(r)) =10.01-1.231g(r)
s[D=123 .
=0799 L L L L L L
0.5 10 15 20 25 30 35 4.0 45
lg(r)
LIS e e
— °or LbEA
JJ "_ sl
S o7z sHg(N(r)) =9.82—1.17Ig(r)
- D=117
52
R‘ :0I997‘ n n n -

05 10 15 20 25 30
lg(r)



© 6 - VAL RS2 (A SRR R

—=— R K EIFE
—— 4R

E 325
E &
"ﬂ 300 15 g
K275 R
i 14K
oy 25.0

225 1is

200 oy

1 1 4t
VS mmrn mAm 1 bxa 7 12
TN IR N

150 F %o
1 H 1

1;0 1éo ‘ 1;30 210 2:10 2;0 Isool'
TAETHH#ERE IR B/m
El4 Sy IR A0S B )2 T R Bl R U R B v AL
fuy

Fig. 4  Evolution of fractal dimension and maxi-

)
60 90

mum separation aperture with advancing

distance

IPNR BN S K B Pt T A %, e 2 s Al
F O WA UE Sk, e T A SR B R
JiE KLz (] 5 6 KN R 43T S A 3

MR, WE 4R, B S R KE)ZS I
JE 5 70 T 4EE5 0 T AR TR A B A B M ] e
fiE o FEFF R, B TR R g A SRR A 2 1)
S, MEZ TR B B0, B )2 Bk B B ol
U b Y e i I E NIV ESP S
RV S B R F AR B R & RS
DX H R AL e S IX S R K, 4B 2 o A 7 T AR
TAT i S X8, 2 B 0 DXARRAIE |, 7R A B T 4
FEEEAIXTBEAG o BB RSB0 1A% = B A 41
PN REBT S k73 ST S N w2 = I U = A
e, i T JZ X B AR B R RE ), I B — Ik I
eI G AHSE IR L AR, AR 3. 36%; 4 507K
e, MR UG , B A AR R 5, N 8 )2 25 [h] 1A
EER | A0 S A e | I RV K R | A
BRI R R .
222 S WGEREBEEERAZEHNMELX AR
Bl T AT A S AR I ik T 3h SR Ak
SLBR I 2% Fiti 5 B 7% B e BE (R B g 20 1) A
JER T ARG T AR T, 25 )22 2L 1 i) 1
e o A = I Y U N TG
M R GE R . anEl 7 Birs o T AR e o F rp A
BRI AR S R = BE A O R IR T
(a) I, TR 2 5 IO T2 92 vh 2 1 3 I+
EAEH L BEE TAF T 03 oF 5 5 ol B R
BEIE EIEaS B R 4R R LA BB
Wk, daKE 6 5K 7(b), i H A0k

I BE R AL, 7 LB A B AR R T 43R 5 By
Br i PR R sE ), B T IS V5 0k 7t
HUR 2 X, FEFEAR T ) AR A R B ik 8 2
73 (), B A T T ) T 5 Y B )2 2 ) 8 T U
AN I LB ERY B 1 5 T S A T JEE B2 AR X A JE
SR PBE A e, Y B I IR v e A R B A TR B 2
223 [vi] i 7 2 TOL 1 A T 1) 7 2, 3 T A B A7
BN, Y AT L BE B A R W 3 8 R S
] P A5, 5 8 s v S A i 5 A e 512, 24 B 4 4]
A e | I iR ey 3 N = =
R P W 5 BE RSN 264% , 53T 4 £k /)N
10. 97%; i %5 £ 82 A4 i A8, R )2
2R R4, 2 A2 RS T LT R 2
Gz vp)Z AR 2 I s B AL 221 [
H T IEHCH 2 5 02 W R E i b 8 2 2
6], f1 TR O 2EBR 0 — 25 S0, TV R 4 B B
I, 7 55 10 IR v 13 484 T 49. 99% , 43 2 4k 500k /)N
13. 77%; B HCHZZ 2 e 2T M T olEES
S SRR FE i — 2D 3 0, (R B A2 31 e R B 3 )2
A4 B Z Bk ERAL = B R L B 2, 2 )2
25 (8] () 52 W B JSC T 4E B B IV, 8 25 A v 5 184
28. 7%, 7 TEHE 038 N 3. 36% . 47 % R b
R R Jo B 2 A AR IR B 58 A 7840 R 3l , R Bh 24 Bt
T FE RS2, S I A B PR AR B PR E T L%
A BV AR R BN 13 31%, 43 TR 4R 5K
/4. 88%
2.3 BARDHEEHSRAEH = ENHEE

R T 2 AR T AR T R B S SR
O3 T A B 23 TALRRAE , AR SC3E T [BIR AL B
pesy R R AL g T N (I ES RGN T S N L 2 0
X IR A0 AL R 10x7 270 A 43 B0, % TAE A
[ 4 HE B R RS o0 TR 4R Btk A7 IR il =
BB 7 Fos o R A2 BIR Bl  IX 353 T 4k 5L
R0, 52 R BN A SR T 4Rk T 0~2.

L7 A0 2 S s R Bsg R 2
575 BN R, £ Bl 7K T 55 )2 2 B 5 1) il
W BRI S 5, DN TR I 02 4 0 7 2 4 B I 5
S5 G R AL B HOLRRE W A5 SR TR, B A L BR A3 E E BK
123 (A1 RIE S 5 8 A O e R e B B A vt
N FR . TAFTHEGE R , AR TS VR 5 52 5 A
TR R A ], A R R B R X L
T KW AR B0 WK 4 S e AR 3 30y 1)
HERR YR B R AR TR 3 G 2 AR 4R KT, R
25 X HP R WA AR 0 T T S IR A S PR 5 2 R



SRR < JREAE A SR RO T (R E TR R M 5 2 B A AT <7

(a)

(b

*
2001 Jigenisge
180
160

"—*
E 140 -

TR RN \

*\*

"

E 120

k)

=100

B 8o -
60

TR

40

HEATH
20+

oL= w

AR e BE 25 /m

K5

18

10
0 30 60 90 120 150 180 210 240 270 300

18

[Fesh ORRMEILTHAEIV | B4RV

12 F b = i b
* =1 = b
11 5 b8 o2 ' ]
= o | J=
10 ] L BL )
0 20 40 GO 80 100 120 140 160 180 200 220
AR/

IPIHERL S B W R A S A

Fig. 5 The relationship between fractal dimension and the height of overlying rock failure
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Fig. 7 The spatiotemporal evolution law of fractal dimension distribution of overlying rock fractures
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