Mine Engineering %" 1L 7%, 2026, 14(5), 1209-1221 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.145119

e =1 )

[

& = R MFR R Z EHRS A EIR
XL

A
ZRE T RAIER G IR, 2% R

Weks H . 20264F7H1H: FHEM: 20264F7H31H; & AHM: 20264E8 H7H

HE

R HBWT B AR AR BT R F R 2 X BIEX BlA R R, B E bR WERAHEN TN =4
BAEAREL, BT ARG T2 BERE R Lo, B TR #x0 F 4l R & R
T MBMBEXFEK. TEERAET EREEN, Hx=190 miEHEEx=310m, FE10m, ik
#1235 AH12PEETHREME, SHEARMEE. BARRHERNEBEE. HETRESEMSEXR
LRI RHIT20% RLFRNY . HEERER, ERESERN KN BIEMBET, BEAEKERS LB
TR, REXXARRSFIHE. F1228, U THRBRKXTIEN2936.85mm, EHETHN64.16
mm, [(£97.82%; BYHITTHHB70MNER 5N, [#1£89.08%; WA KN /JH19.03 MPali &
25.65 MPa, RBLEHEAES S T R#EfE#E. STEMERTER RFRNSURMESRR . BRESHE
HIAFLAC3DEME X/, MRBEEIIGHAEFHRE . RMR/QAZ AR /7S llHAT I RIE; WiEIER
b, BRFBEBHEREE. REFE. ELXBRBEIEH. RS REEMTHEFHMHTARK
X ZRNSHERNES, PEERENRET FHUTREE SR EE e & .

XK ia
Wi, BAUER, BEEIR, BEAWMN, ZRAE, X, FLACD, S¥EURtk:

Comparative Study on Surrounding
Rock Response of Inclined Coal Seam
Excavation with and without
Backfilling near a Fault

Aoxiang Liang

School of Earth and Environment, Anhui University of Science and Technology, Huainan Anhui

XESF|IFH: R, WE A RN R T B S AN [ A Rt LR T[], AL FE, 2026, 14(5): 1209-1221.
DOI: 10.12677/me.2026.145119


https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.145119
https://doi.org/10.12677/me.2026.145119
https://www.hanspub.org/

R

Received: July 1, 2026; accepted: July 31, 2026; published: August 7, 2026

Abstract

A three-dimensional numerical model containing the hanging wall, a weakened fault zone and the
footwall was established to examine the influence of goaf backfilling on an inclined coal seam near
a fault. Excavation without backfilling and excavation with immediate backfilling were simulated
during a 12-step advance from x = 190 m to x = 310 m at a step length of 10 m. For the Step-12 backfill
case, one-factor-at-a-time perturbations of +20% were applied to the surrounding-rock elastic mod-
ulus, surrounding-rock cohesion and tensile strength, fault-zone strength parameters and equiva-
lent overburden load. At Step 12, backfilling reduced the maximum subsidence from 2936.85 mm
to 64.16 mm and the number of plastic elements from 870 to 95, while the peak vertical compressive
stress increased from 19.03 MPa to 25.65 MPa as the backfill participated in load transfer. All three
response indices were most sensitive to the equivalent overburden load. The mechanical parame-
ters were adopted from the existing FLAC3D input files but were not independently calibrated using
site-specific laboratory tests, RMR/Q classification or in-situ stress measurements. The results are
therefore interpreted as relative responses and parameter trends rather than direct quantitative
predictions for a specific mine.
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Figure 1. Schematic diagram of numerical model and advancing scheme
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Table 1. Mechanical parameters of rock mass and backfill material
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b 2580 4.8 0.21 0.7 24 0.5
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aealE s 2560 4.9 0.25 0.8 27 0.6
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Table 2. Stepwise advancing scheme of the working face
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3 210~220 100~300 30
4 220~230 100~300 40
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8 260~270 100~300 80
9 270~280 100~300 90
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11 290~300 100~300 110
12 300~310 100~300 120
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Table 3. Calculation conditions of excavation and backfilling
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Table 4. Result extraction indices and statistical locations

= 4. BRIENERE SR

&t ZE Gt E 2B
1] S /7 stress-zz =GR IOV i}
T hfe displacement-z =Ygt TR Tt

WX plastic state G R INE

35 BYUHEAR

KA — K — N R IR SEA T 5, FEE NS 12 25 S [R1HE T o L i A5 B A afe L 0.8 i1 1.2;
AR SPihaE FED L 0.8 F1 1.2, WEEEMORFEAAL: WiZmRiR 0. WM AR R
DL 0.8 1 1.2; AERITHES KA /) FH—11 MPa ¥ %£°5-8.8 MPa #1-13.2 MPa, {{H T RERIE 7 ik
Ak, AMEARISRR EERE . FBEESEAS 580, DMERDIEE 5 B E S80S .

TANRE) LU A — fault_base.sav k5, EI(S %5 5et% 1 x 1075 HFF H0s TAL B A1 B IR
A, % 2 x 1074 58 12 DHFFZEE . DUEHEm R YO K& +20% TALm R Yoo Y R E— 1 BUsivE R4

Y*-Y"~

5= OY:() s ISR, BEHIAHRARAR A Z S AR BUR . Giit X 53 TR e 42— 8.

4, BRIGERDR
4.1, FEZEENEEN DR

e [ N/ A S MR R T2 5 7 o 2 AT B 0 A (1 B B AR . THBE R $R y = 200 m TS5 R,
P 2 o 6 A2 -5 [BUSE P A 050 AR i e s A2 v (0 3 ) JR 82 0384k, &) 3 J2 46 5 .

DOI: 10.12677/me.2026.145119 1214 i AR


https://doi.org/10.12677/me.2026.145119

R

ES LIRSl
0zz / MPa

(a) fFFEIR

(b) BBETR

Figure 2. Comparison of vertical stress distribution on the y = 200 m section under two conditions at Step 12: (a) excavation

only; (b) backfill condition
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Figure 3. Variation of peak vertical compressive stress with advancing distance
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Table 5. Comparison of peak vertical compressive stress at different advancing steps
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Figure 4. Comparison of vertical displacement distribution on the y = 200 m section under two conditions at Step 12: (a)
excavation only; (b) backfill condition
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Figure 5. Variation of maximum subsidence with advancing distance
5. RRTIMERHEHERTL

DOI: 10.12677/me.2026.145119 1216 Bl T


https://doi.org/10.12677/me.2026.145119

R

Table 6. Comparison of maximum subsidence at different advancing steps
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T K NUTER =4EGE i N uz S MERERME; PRI IR T AU T OOT 2 TR AR IE S -

4.3. FIZERM X % B RIR M

IAVEIX R B T R BB IR T A2 3080 BEEA BRI o A0 b B AU LU R Tl NSRS X TR . K3
PR BT S AR X B X A0 AT, I GE vt AH [F RS 25 40 T ISR S, BB IX ] 6 fs, 2Bk
T 7 Fn .

K6 Bon, MUF T FEEX FERE TREX LESZ. RIPiH LWZAE X, & 2 s
PR, BUEATHN, BYEXFERRT R FEZE R, K8 V6HE SRS Y mT H T H
— S S TR B S b, (RSB 52 PR RS S s oy QR S s s A R O xCs . ilE— e
EIHNET, AR XA, AR BRI 5 B0 AT H— R AE .

B R

. ER

W SERER

W S EAER

EN RERRER

(a) XFFETR (b) EHETR

Figure 6. Comparison of plastic zone distribution on the y = 200 m section under two conditions at Step 12: (a) excavation
only; (b) backfill condition
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Table 7. Comparison of plastic zone development at different advancing steps
7. NEHEHSEMX L FIEEXTEE

D HEHEBE RS /m SO BT EHE R TR R I%
3 30 273 25 90.84
6 60 694 45 93.52
9 % 894 71 92.06
12 120 870 95 89.08

Vi R R ICECN = 4E G A B AT S IR AR SR AR TR . DU AZ LB X R B A TR A X T
W TS R R ARSI s IR E 00 3 R PR TR 33 S AN 2 S5

DOI: 10.12677/me.2026.145119 1217 Bl T


https://doi.org/10.12677/me.2026.145119

R

5. i
5.1. EHE{#SIE(ER KBS IR

P2, B2 E AR X SR AR A E RS X, R i R A A R AR B . AR AT T K&
Wi 2 ABUT X 5578 o WA O Z 3B, 7 B R Al 2 nT N AR R AL s 1 3R 450 2 s R TR G
HAMEEIEI R, 2 TR S B IR B E 0  h ToR R R W R A4 U0 B OCR , )
WHICR A “SEH0RKERE” MESREUEL R, A Iy et AL E 18], 1E K0=0.5 BIMI4G R /)
AT IKFHIGERL ST/ T- 2 M WIAE R Sy, RS X THAR B 5y v 25 i, S A s 55 W J2 95 Ao vl PR T
BRI IR o

SRS, AR B B AR B “TOURR - PR IERE — AR B MR - [ A - AR 5P K
BWITAF . RPN RS AR T 52828 )2, (H ] 4 TR A R s IF IR 2 B2 . 26 12 D is(f 1R
] e . 77 B 19.03 MPa 3 4% 25.65 MPa, e K Ji & Al 8 14 B T 55073 7 FEAIG 97.82% 11 89.08%. ik F 4k
Y, AR 3N 32 B [REAR 7 D R BB AR EL A O, A RME A R AR R R K. B
XA A2 T F R X LA R P W 2 A0 X B RYE Bl oA, A8y [BE T T SR 5
W7 22 =5 30 11 2 R 43 A

5.2. B =RSSLH Y Bl M R H R0

W2 551L I EL ¢ 1 g 405104 1.8 GPa. 0.2 MPa fil 13°, & T 25 A2, K4 Mohr-Coulomb
SRR PEE MR U, AR ) 0 SR R A B A 2 S AR [V 1) B ) 2% A R IRIPLET RE T, AT 2403 X A R Bl B
JIE AT IR R AL . TFFERT,  THRRES Ml D5 6 3 4R R B A8 R 3 A 1A BT D) S 4 T IR X
AT Y IR TTIE; RS, TR AR 2 DXCEIfar I P I/, ISR ME X ) e 4, 32 B0 Af
TR TR 3B R AR B W AR 0, DRl b 5 AN S IR i 5 B 55 40 B BB MR
TR, ANBEFH T 3RAEH SE W2 M 8 B B BE U FE

5.3. XESHBUEMY

12 SRBE TN SE S R ILE 8. VIS EIR SR AR EI A . ot XGRS RS, SR uEn
I AU AE 3 1) 7R 3 /7 25.65 MPa. 2 K FUTE 64.16 mm FIYAME BT 95 A, 38 T 4734 B30 52 1
SR o

Table 8. Responses of the Step-12 backfill case under +20% parameter perturbations
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Figure 7. Normalized sensitivity coefficients of key parameters
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