SRR

#rxgaiam COAL SCIENCE AND TECHNOLOGY

KRB T 2 A/ MR R RRARE 5 R T iR
REF R Fn AE M R R

SIAA:

KPP, 1R, W, S RS E 2SR IE/ N R AR RHIE ST AR HOR, 2025, 53(1): 39-53.

LAT Xingping, XU Lizhen, CAO Jiantao. Instability characteristics and control methods of small coal pillar in open roadway under the
influence of mining[J]. Coal Science and Technology, 2025, 53(1): 39-53.

TELR B View online: https:/doi.org/10.12438/cst.2024-1628

AT ARG HAh SCEE

Articles you may be interested in

DRI AR /A 1 TOUR 47 ] ) B

Application of deep hole blasting in roof control of small coal pillar roadway

JERBI2ARI AR, 2022, 50(3): 85-91  hitp://www.mtkxjs.com.cn/article/id/dc529e2b-882d-46c4-9120-5e246bafaecO

% IS SE A R A TR AR R AL

Instability mechanism of narrow coal pillar roadway floor considering dynamic load disturbance

JERBI2FFIAR. 2022, 50(2): 56-64  http://www.mtkxjs.com.cn/article/id/453 1 ea84-2048-4804—adca—2ab6dce7799f

PSR 5 P B E IV g 7041 55 A B A E AR PR
Remnant coal pillar siress distribution and cross—pillar roadway layout control technology in extra—thick coal seam

BEBRIEHAR. 2023, 51(12): 232-242  https://doi.org/10.13199/j.cnki.cst.2022-2092

2 J R URRS PRI Z E i T AR /MR HOR

Small coal pillar technology in fully—mechanized top—coal caving face of multi layer hard roof and extra thick coal seam

JRIRBHEFIAR . 2024, 52(3): 13-23  htps://doi.org/10.13199/j.cnki.cst.2023-0599

SIS GBI R ABIAPLEE

Instability failure mechanism of coal pillar in deep mine under dynamic disturbance

JERBI2AFIAR. 2023, 51(3): 290-36  hitps://doi.org/10.13199/j.cnki.cst.2022-1667

TUCRBEN N X BRI K B A P i B AR
Study on coal pillar failure mechanism and surrounding rock control technology under influence of secondary mining

JERBIEFFIAR. 2020, 48(6)  hitp://www.mtkxjs.com.cn/article/id/8d4eb05e~7552-462a-9fc8—ad037cdb81d0

KHEMIFE AT, RAFHHEZTHRER


http://www.mtkxjs.com.cn/
https://doi.org/10.12438/cst.2024-1628
http://www.mtkxjs.com.cn/article/id/dc529e2b-882d-46c4-9120-5e246bafaec0
http://www.mtkxjs.com.cn/article/id/dc529e2b-882d-46c4-9120-5e246bafaec0
http://www.mtkxjs.com.cn/article/id/4531ea84-2048-4804-adca-2ab6dce7799f
http://www.mtkxjs.com.cn/article/id/4531ea84-2048-4804-adca-2ab6dce7799f
https://doi.org/10.13199/j.cnki.cst.2022-2092
https://doi.org/10.13199/j.cnki.cst.2022-2092
https://doi.org/10.13199/j.cnki.cst.2023-0599
https://doi.org/10.13199/j.cnki.cst.2023-0599
https://doi.org/10.13199/j.cnki.cst.2022-1667
https://doi.org/10.13199/j.cnki.cst.2022-1667
http://www.mtkxjs.com.cn/article/id/8d4eb05e-7552-462a-9fc8-ad037cdb81d0
http://www.mtkxjs.com.cn/article/id/8d4eb05e-7552-462a-9fc8-ad037cdb81d0

£3EFE 1B CA =3 N Vol. 53 No. 1

20254F 1 H Coal Science and Technology Jan. 2025

R BE 5 23

P, IR, WA, S5 RSN T e 25 B 1/ IMEAE R ASRFIE S PR 407k (7], BERBAHOR, 2025, 53(1):
39-53.
LAI Xingping, XU Lizhen, CAO Jiantao, et al. Instability characteristics and control methods of small coal pillar in

E. b = open roadway under the influence of mining[J]. Coal Science and Technology, 2025, 53(1): 39—-53.
Tu s
BB IR 13

RIANF M T IeEEENERRFIES BER A

FAF rm waEEY Em R N, rERY

(1. VHLRHE R RRIRAEBE, BV VU 710054; 2. PEERHERF HE TG TR R FBAE AL, BV 754% 710054)

H EBHEALAREIREARREARENZES EBRE, ARSARRERIEREETHRE 2
B, NERETAERIERAL R, X BERERERDLZR LGS E GG EAE AL
E, MBIBERGEEAENFER, BLIEREENTRRE E TREL DR LIEH XFEE,
WRBE E RN RIAAE W eh B A s 5 AR AS R PR R 2 A P W7 B35 AT G AR 2
Wi R, ARG EAEDEER ZAEZR, FTFRAY FHEEIE, LR AN,
BIXMEAFRRAB A LT R 24H, EFRIATREZALEIAENMRRTRES DAL HRE
zEGEAMAEL, HATEASRZIEERESMEBERNALEM TR, REALBBRZERBRMA; AT
AAE N AR 1] B & AR TP RRER, AR 4 55 09537, HAHRER, F
St R BEAE A BOME A B AR BEAT IR, SR A FAER T AdE 7 £ AT it FLAC3D & EAL
B R R AT ZE, BAERARAT 57.6%, EHEBRKRY T 22.8%; ZIPHRE A
A&, RRAABERY T 31.2%, W A EZARA, REBE BN SH T4, 5 RIND EHk
REBEN A RKRZHE 232545, AR AERDBAL, TR, AFEHBZR VA 80%, HiET H
ZEREWRAEFESDREE TR AT HEIRGEATITR, RIETHAER EZH IR, FRER
AR R G S A DA R R R 33, A FIEIA KBRS DA T A kA

BRI
KFEIR D BEA; 16 AR E R e B BOMIR A AL
FE 4K S: TDS2 XEkFRERD: A XEHS:0253-2336(2025)01-0039-15

Instability characteristics and control methods of small coal pillar in

open roadway under the influence of mining
LAI Xingping'?, XU Lizhen', CAO Jiantao', SHAN Pengfei'?, ZHANG Shuai', XU Huicong*

(1. College of Energy Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Key Laboratory of Western Mines and
Hazard Prevention of China Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: The coal base in western China is the core “ballast stone” of China’s energy security. In order to improve the resource recovery
rate, the stability of small coal pillar open roadway is widely used. In this paper, the mechanical model of small coal pillar open roadway is
established in Meiduoshan Coal Mine of National Energy Group, and the correlation between the surrounding rock subsidence of small
coal pillar and the supporting force of small coal pillar is quantified. The identification model of coal pillar stability is established by using
naive Bayes model to judge the stability of coal pillar before and after regulation. Through the refined three-dimensional numerical calcu-
lation, the regulation effect of small coal pillar surrounding rock in open roadway is studied, and the field implementation is verified. The
results show that there is a negative correlation between the maximum subsidence of the direct roof of the open roadway and the support-

ing strength of the small coal pillar by constructing four kinds of overlying rock structures at different fault lines. It shows that the subsid-
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ence of direct roof can be controlled by increasing the strength of small coal pillar, and the instability of surrounding rock of roadway can
be improved. A coal pillar stability identification model was established based on naive Bayes and 11 surrounding rock parameters, and the
accuracy of Ac reached 0.953 7, which met the identification requirements. The original coal pillar and the modified coal pillar are identi-
fied, and the feasibility of the control scheme is proved from the algorithm point of view. Through FLAC3D numerical simulation before
and after the coordinated control scheme of surrounding rock modification, the stress value of coal pillar is increased by 57.6%, and the de-
formation is reduced by 22.8%. The stress of the supporting body is reduced, and the maximum displacement is reduced by 31.2%. The
stress difference between the two sides decreases, and the stress distribution of roadway surrounding rock becomes more balanced. The in-
situ implementation of the scheme can increase the maximum stress of coal pillar to 2.325 times, and the stress fluctuation is stable, and the
deformation of roof and two sides is reduced by more than 80%. The feasibility of the coordinated control scheme of surrounding rock
modification to prevent and control the deformation and failure of small coal pillar open-air roadway is verified, and the stability of sur-
rounding rock is ensured. The research results provide basic support for the scientific design of small coal pillars in open roadway in west-

ern mining area, and provide reference for the prevention and control of the instability of open roadway with small coal pillars in western

mining area.

Key words: small pillars of coal; overhead roadway; grouting reinforcement; modification control; numerical simulation
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Table 2 Coal pillar instability prediction model partial sample data table

B o/MPa c¢/MPa E/GPa o/(°) P/(kN + m™) u H/m al(°) h/m G/m M/m PR A E T
1 0.45 1.96 0.8 30.40 14 0.290 550 5 15.9 220 10 0
2 0.80 0.80 3.00 30.00 13.50 0.300 214 6 2.4 319 7.0 0
3 0.80 1.25 1.25 24.00 14.00 0.310 1100 36 3.0 100 7.0 0
4 0.90 1.20 1.91 28.00 15.00 0.330 600 9 6.3 145 8.0 0
5 1.10 2.33 2.05 22.50 15.14 0.343 500 13 10.3 120 7.0 0
6 0.90 2.60 1.56 19.80 15.57 0.358 600 6 10.0 160 10.0 0
7 1.17 9.99 8.61 24.37 13.16 0.322 110 1 3.0 300 15.0 0
8 2.60 1.90 7.60 34.00 13.00 0.260 700 5 4.0 150 5.0 0
9 0.90 4.30 2.96 35.00 13.72 0.290 990 6 14.0 146 7.0 0
10 2.50 6.00 9.00 31.00 14.80 0.200 700 1 6.4 300 15.0 0
11 0.80 1.00 0.79 28.00 13.80 0.300 765 3 32 210 5.0 1
12 2.30 0.30 1.56 23.00 14.00 0.240 400 5 6.2 185 20.0 1
13 0.80 0.80 1.19 23.00 14.00 0.300 1130 2 32 200 25.0 1
14 2.30 0.30 1.56 23.00 14.00 0.240 400 5 6.2 185 20.0 1
15 3.60 2.50 0.54 28.00 15.50 0.373 350 8 4.8 150 35.0 1

103 2.00 3.81 8.00 37.5 13.2 0.260 317 13 3.0 162 28.0 1

104 0.49 2.70 2.00 28.1 14.5 0.330 200 2 6.0 297 25.0 1

105 0.57 1.50 0.42 42.0 12.7 0.120 260 19 35 160 12.0 1

106 1.27 1.52 4.37 33.0 12.0 0.310 300 15 3.7 160 25.0 1

107 0.27 0.47 3.50 31.00 13.50 0.280 309 4 3.1 235 6.0

108 0.86 2.53 4.68 32.26 14.60 0.240 309 4 3.1 235 6.0
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Fig.6 K-fold cross-validation procedure
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Table 3 Different model predictions

BIALZ R HEH R A HIRR, F
NB 09130 0.900 0 0.947 4
SVM 0.8182 0.8355 0.900 0
RF 0.909 0 0.900 0 0.947 4
XGBOOST 0.909 0 0.900 0 0.947 4
TR 0.909 0 0.900 0 0.947 4
MLP 0.863 6 0.947 4 0.923 1
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Fig.7 5-fold cross-validation results of NB pillar instability prediction model
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Fig.8 Small coal pillar air roadway support schematic
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Table 4 Model physical and mechanical parameters
hiazs 2y JEEE M AFERNGPa BURIREL/MPa  BREJI/MPa SUIRIEL/GPa AEEIEM/C)  BEkg - m>)
1 ey 21.48 13.66 8.30 16.54 6.70 30.6 2.65x10°
2 R 6.26 13.92 5.65 14.11 8.24 39.44 2.59x10°
3 MR 10.75 10.61 7.11 14.11 7.18 32.37 2.55x10°
4 i 3.06 2.80 1.76 0.72 0.95 23.86 1.35x10°
5 b 7.89 11.31 5.30 15.39 6.70 39.08 2.60x10°
6 HArieas 11.60 9.61 5.64 5.19 7.51 37.22 2.57x10°
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Fig.12 Vertical displacement distribution cloud map of roadway surrounding rock under different conditions of working face
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Table 5 Maximum stress table of roadway surrounding rock supporting body MPa
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Fig.14 Cloud map of bolt displacement distribution after stoping
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Fig.15 Change of borehole stress of roadway surrounding rock with time before and after grouting

WA 16 Jr, BRI IG BE 00 A LI
T WY 2.5 d A AR B o REAE AR el b o 4
J BB FLSE g S5 (B AN i 25 6 5 O A i, S B
eI RGN AR AL, RIS FL I F7 YA A A s
LB AL T RS, FEAR A 51 X Bk 25 XA A
Fape /IR o TSN B AT, A O B R LY
FI¥IEHR 4.0 MPa, FEFEASHE 1 m v B AL 1 (H
K 2.5 MPa; FE 7R3N G, A o0 B B FLY
PIEAE N 9.3 MPa, FHIGIEIR AL 28 2.325 1%, 7E0E
B 1 m ALE LY S {EAESN 6.7 MPa, A7 LLIEK
FU = 2 1.68 A% o [R5 1 FL A 1 ¥ {E
TR TR, WA A B, Wt m
TR NN 7, (AR A ) iR R AR R K R
AR T IS B E AR M S L, X
DGR L P ) 3 B R R

10 -
[ a9 i
A s
8t
£
=
@ or
ﬁ
=
2 a4t
=
=
2 H
0
1 2 3 4 5
W 2 AR HS PH RS /m
F 16 Am B R e A A AL AR T A

Fig.16 Mean value of borehole stress at each measuring point

before and after grouting reinforcement
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before and after grouting
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