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Abstract

To reveal the fracture laws of overburden strata under close-distance coal seam group mining and ad-
dress the challenges of roof control during secondary mining, this study investigates the combined min-
ing of the No. 72 and No. 82 coal seams in the Xutuan Coal Mine, Huaibei mining area. A methodology
integrating theoretical analysis based on elastic foundation beam and damage mechanics theories
to establish stability criteria for interlayer strata, and FLAC3D numerical simulation was employed to
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systematically study the dynamic evolution of the plastic zone and stress field in the overburden during
both the initial and secondary mining stages. The results indicate that during the initial mining of the
No. 72 coal seam, the main roof experienced its first fracture when the working face advanced 50 m,
with the floor strata failing in shear. Periodic weighting occurred after an advance of 90 m, and the
overburden failure zone exhibited a saddle-shaped distribution, described as “lower in the middle and
higher on both sides”. During the secondary mining of the No. 8z coal seam, the interlayer rock strata
transitioned to shear failure and the main roof fractured when the face advanced 40 m; the intensity of
periodic weighting weakened, but it still maintained a stable periodicity. The overlying strata under-
went a dynamic “compaction-decompression” process, causing the failure zone to shift and expand lat-
erally. This study elucidates the “interlayer coupling” effect and the dynamic “compaction-decompres-
sion” process governing overburden fracture during secondary mining in close-distance coal seam
groups, providing a theoretical basis for roof control in multi-seam mining and support design for road-
ways in underlying seams.

Keywords

Multi-Seam Combined Mining, Overburden Fracture, Numerical Simulation, Interlayer Coupling
Effect, Damage Degradation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

FE UK S5 Stk DL REIR % 42 TSR AR T IO TS 57, R AL 3 REPR S5 44 Hh 475 o 48 4
Hohr, R AEBCKI I R I B 2 A SRR IR AR A (1] BRELTEE B BUZREAE AL RS P I00L S
BREESENIX) 2K H, HERENFA MR AR TR BRI, 6 AR 22 4z nlR K AR E
RS E R A EEGYNA[2]-[4]. BEE BERITRIZ D AR M R AR A FeR2 , JE i B E I & TR IR
A KRR BB A KB 9cE B H 23 R (5] [6]. PRIk, WFFCILER B PRI ST R AT N A
bk 5 N AR, B BRI .

Fl SRR 2 R B B E T LB S Ia R AE, [ A COT R K ERT TR B e R A R . BEER
W, RENSL 12 5 K8 A GV OF R B0 B R, PR [7]45 6 I Sl S A, #3521
HIGR RO Z 1 =R S A AL ST AR SR [BIR RIS BRI N O-X Fy T =2R45H4, W [
B RGN RIS BRI ER 2050 P SCRE (1R AL 12 “ Ok MR, s 1
HITE KRR B0 AT RE G IS A, Wl 2 ki G AT TIRAIRYS . KT X5
FEAE[10156 T FLAC3D #7m 7 ANFEMGUH T EE RN HAUE RN VRS S S8 (111 M B
B, NEREE SR ST LR, IR 1S R AR .

gr b, BUA BT ORI E A A R Ll B B IR R Ie R U 7 T IS = R, Bl T3
FRSFEAF R %, R BRI S TR AR P A A - RS BINPLEhIIE, TRETT R
FERES S RS E B0 RS OGRS, DRSO (M A ML) A B
B, B BIS HME 2 TRERR R . SR TVEILVFIERER™ 7o 8 BOLFRE IR REA, ASCRAE IR
Hr5 FLAC3D B BAUAMLS & 755, HAwtst: 1) “UCREVEATMNOE IRgiEILE]; 2) BA ok
[ SRS X P A2 K J0 22 B 3) R AEIR G TR A BT 102 T AR S LA, AN SRR A T B o 1
] 5 BE S AR B PR A

DOI: 10.12677/me.2026.144103 1035 ol TAE


https://doi.org/10.12677/me.2026.144103
http://creativecommons.org/licenses/by/4.0/

TR, sk

2. TigHb iR

VPRI K 7o WA 8 i, Wil E T3 A 3.80m, Z[AEE 14 15.0 m. 8,26 T A T 7226+
728 TAEHRZE X T 77, LTAEMHE R 1353.5 m, fii[A) % 240 m, ~FI33ER 520 m. 8,26 AR EiETi N
T, J§0~3.10m; EATNYIR S, )5 6.15~17.83m, ERAM, LLASAT, S/RRE O Y bk,
IEVERY, KRB EERACE R ZBARIZE, TEHCAES B2 BRI GRS, & 2.20~4.70m,
ZEZEHOR, SRV BARNK OGS, B 3.15~8.40m, LLATNTE, REFiKY, KEH
JERACFZHE, R YR E TS . 8226 AR T IiAi Bl 1 fius, AHCHEAAYEL ) 250 % 1.

TIPS
= [
8226 THETE
, -
- 82260
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T2 B 1400 2.1 1.2 2.7 38 15
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Figure 2. Schematic diagram of 3D model
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Figure 5. Schematic diagram of plastic zone variation and distribution in the mining face of No. 72 coal seam
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Figure 6. Contour plots of vertical stress distribution in the No. 72 coal mining face along the strike direction
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Figure 7. Schematic diagram of plastic zone variation and distribution in the mining face of No. 82 coal seam
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Figure 8. Contour plots of vertical stress distribution in the No. 82 coal mining face along the strike direction
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