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Study on stability control of stope structural in short-wall cemented backfill mining

for recovery of room-and-pillar residual coal
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(1. College of Energy and Mining Engineering, Xi’an University of Science & Technology, Xi’an 710054, China; 2. State Key Laboratory of Coal Resources
and Safe Mining, China University of Mining & Technology, Xuzhou 221116, China; 3. China Coal Energy Research Institute, Xi’an 710054, China)
Abstract: The stagnation of residual coal pillars from room-and-pillar mining and the discharge of mine solid waste have severely con-
strained the green and low-carbon transformation of China’s coal industry. To address these challenges, the Bandingliang Coal Mine in
northern Shaanxi as the engineering case study, a novel "time-sequence coordinated pillar replacement” short-wall cemented backfill min-
ing technique was proposed. First, the safe stress for the recovery of residual coal pillars from room-and-pillar mining was calculated based
on the limit strength theory. Secondly, numerical simulation was used to study the instability characteristics of the natural collapse method

for managing the recovery of residual coal pillars and the impact of roof failure on the stability of the mining area. A mechanical model for
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the short-wall cemented backfill stope was established, and the critical strength of the backfill material was solved to ensure that the direct
roof would not fail. Finally, mechanical tests were performed to analyze the mechanical properties, failure characteristics, and microstruc-
tural features of the cemented backfill, and a complete design method for short-wall cemented backfill mining was proposed based on the
actual engineering. The results indicated that the safe stress value for the residual coal pillar in Bandingliang Coal Mine was 11.78 MPa,
which met the conditions for safe recovery. Based on the stress, plastic zone distribution characteristics, and roof failure analysis during the
recovery of residual coal pillars using the natural caving method, It was discovered that the recycling process may trigger a “domino” chain
reaction, accompanied by large-scale roof failure. Furthermore, the short-wall cemented backfill mining technique was proposed to replace
the residual coal pillars, and the critical backfill strength required to prevent roof collapse was calculated to be 8.97 MPa. Based on this,
the optimal mix ratio of coal gangue : fly ash : cement : water in the backfill material was determined as 3 : 3 : 1 : 1. This mix ratio
provided superior gangue particle grading, and the hydration products densely filled the gaps between aggregates, effectively reducing
porosity and significantly improving mechanical performance, thus meeting the safe recovery requirements for coal pillars in Bandingli-
ang Coal Mine. Feasibility designs for the short-wall cemented backfill mining production system and key parameters in the experimental
recovery area were proposed, along with control measures to ensure the effectiveness of the backfill. The research results provided a replic-
able engineering paradigm for the “resource recovery-ecological protection-solid waste utilization” integrated green and low-carbon trans-
formation and development of the coal industry in China.

Key words: short-wall cemented backfill mining; stability of coal pillars; beams on elastic foundations; room-and-pillar mining; resid-

ual coal pillars
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Table 1 Physical and mechanical parameters of rock strata

b PR R NEE
SREE SR B A
o/MPa o/MPa E/GPa ¢/(°)

FhE S 10k
¢/MPa  ltu

JEEE B Ep/

R ke

#E o 231 1.8 0.6 38 07915 08 032
WriesE 38 23 14 246 101 19 1.9 024
WS 203 2.8 79 441 290 39 15 033
WEE 35 24 12 223 97 18 1.7 025
WibE 530 26 6.3 421 250 28 1.4 029

awbs 37 23 6.7 372 221 25 13 031
hRENE 58 0 24 6.2 312 261 26 1.5 0.28
MWirE 67 26 64 358 222 24 13 030
WEE 84 25 13 251 98 19 1.8 022

MbE 39 24 69 345 229 27 14 026
PRENE 520 27 6.8 341 264 28 1.6 025
aMebE 42 25 6.6 367 226 27 12 028
WEbE 45 26 78 446 266 28 1.7 031
MbE 17 2.6 6.1 376 232 26 1.5 029
WibE 46 27 57 431 288 221 14 028
)2 4.0 1.4 25 226 141 181 12 033
WibE 62 26 53 436 245 299 15 025
hREVE 68 25 6.5 323 262 27 1.6 029

®2 BAARBEBEERRBEAR
Table 2 Ultimate strength formula of residual coal pillars

in room-and-pillar mining

WRLTRE A B
WO R R R A o PO

Obert-Duvall o7y = 0 (0.778 + 0.222%) 27.62
n
Bieniawski-Hairton o = rc (0.64+ 036 30.73
_ 8.79
Holland op=0% A 31.96
W0.46
Salamon-Munro Op=0crver 23.56
h .

T whIBBBAEYEES; WRE s B BEAERIESN TS o
w
PAEA SRR s > <Sm=1,

oF <o, (2)

AP o 3 EAE THAE ERAT R, MPa; F o944
FH; 0, FIERERIRL BRI E, MPa.

2 BAREEEEIRTRE WA i B R
IRKIRHIES

MR ER— T AR, S R A B i 4
[T A F o R, ZE 20K 2 T 1 AR 5 vk A BT
i, AL IS igt B BREAT ) i A, T2 SRR 2 4

359



2025 4F5 6 11

# £ M FH K 553 %

I FIE, TRA ST IERE R (G 1 F7 4340 . 8 X i fb i
2 R TOOM A IR 10, 3 2% 40T, Ry Je St o SR fiL HE
WX RIS S
2.1 BAREEXBTENRE RS B EFSEEER

[ va

h T WS SR Y A BTN [ Wi o st B
FERR R MR, DAAR e F 0 15t B A TR A B
FEXF G ST B AR AL AR AL K IR RUSE Ry 272 mx
212 mx95 m, A5 4835t B B AR 19 RS 8 mx8 mx
4 m, BEBFHIRSE R 7 mx7 mx4 m, g i AR B A
Rz B . B SOk R ) N AR R
FEIH, 2R J129 0 0.675 MPa., B3 ] i1 55 K A
RN R S [ 5, BRI 48 2 496 958 AT,
£ 5 430966 1 5o JE AL XTSRS VE L B TR
B SR () 2ok R AT AU 5%, S0 BT R S B A
(R 75340 B OIBPE X SRk . A RIS T 1A
T TH [P A3 BR MRS A 1 R

B BRI % RS TR E Rk AR E AR A

Fig.1 Computational model for residual coal pillars recovery

using controlled natural caving roof management
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Fig.5 Layout of shortwall cemented backfill mining face
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Table 4 Volumetric proportions of coal gangue under dif-

ferent particle size distribution schemes
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Table 5 Content proportions of fly ash, cement, and coal

gangue in different gradation designs
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Fig.10 Specimen preparation and experimental procedures for

cemented backfill materials
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Table 6 Key equipment specifications for backfill system

WA Hui B EEBH
XU AL 2 JS3000 k2R 2400 L, YRR : 120 mm
SR REL 2 PE-500x750 APRPRLEE : 425 mm, HUEPRZEE: 30 ~ 100 mm
XL 2 2PG-750%x500 PEEPRIEE : <40 mm, HPRPRIEE: 2 ~20 mm
AL 1 B650 HikRETT: 60~ 800 t/h, HIEEEE: 0.5~ 1.25 m/s
R A ZER 2 PZ-25 Wikk: 12~25m¥h, K TR : 25 MPa
Pilim 2 Q640F JEJ3: 1.6~ 6.4 MPa, $iilJr: sl

,’s\ //\\ I/\\
RCRIORL

$"k¥:1‘£l§l4& [izs

DO @ e

VTR [X 45
R IR 4 A SRR CAR

oooo a
a
E]

a
a
a
a
a
a
a

ooooood
Mooooooo
ooooood
oooooogd
DDDDDDD

E

UI_H*H__JDE’DI

UU_

[TTTTTTTITIT] ~N
EEEENERERENEN
I TTTT T TTTTTTT]
[ [TTTTTTTITT]
EENENENENEEN
1] | |

e

-
& »

B 15 e e REAR e YA TR A E
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Table 7 Key Equipment Specifications for Coal Face Mining System
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