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Research on coal pillar width and stability control for driving along goaf under hard roofs

CHEN Yun'?
(1. China Coal Tianjin Design Engineering Co., Ltd., Tianjin 300120, China;
2. China Coal (Tianjin) Underground Engineering Intelligent Research Institute Co., Ltd., Tianjin 300120, China)

Abstract: Controlling large deformations of surrounding rock in driving along goaf under hard roofs is a
technical challenge for safe and efficient underground coal mining. Currently, studies on determining coal pillar
width in driving along goaf and surrounding rock stability control under thick-hard roofs fail to thoroughly discuss
the influencing factors on pillar stability, especially neglecting the transmission effects of rotational deformation
pressure from key block B in the main roof. To address this issue, a mechanical model for coal pillar width under
a thick-hard roof was established, with the 90302 haulage roadway in Limin Coal Mine as the engineering
background. The model yielded an optimal pillar width of 6.93 m. Considering engineering geological conditions
and construction factors, the coal pillar width in driving along goaf for the 90302 haulage roadway was
determined to be 7 m. The influence patterns of key block B in the main roof on coal pillar stability were
analyzed, including its length, immediate roof stability coefficient, immediate roof thickness, and rotation angle.

The coal pillar stability coefficient decreased with a increase in the length of key block B, and increased with an
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increase in the immediate roof stability coefficient and thickness, and an increase of the friction angle and
cohesion within the coal seam. A Universal Distinct Element Code (UDEC) numerical calculation model was also
developed to further analyze the influence patterns of key block B length on the deformation, fracture damage
degree, and roadway failure characteristics of the 7-meter wide coal pillar. It was found that when key block B
was 16 meters long, the two sides and the roof of the 90302 haulage roadway exhibited nearly symmetrical
deformation without evident fractures, indicating a high degree of surrounding rock stability. To ensure
surrounding rock stability and safe use of 90302 haulage roadway, hydraulic fracturing roof-cutting and pressure-
relief control technology was adopted for the side suspended roof of key block B in the main roof. The practical
application results demonstrated that surrounding rock deformation stabilized within 28 days after roadway
excavation. During the mining period, the maximum roof-to-floor convergence reached 148 mm, and the maxi-

mum convergence of the two sides was 196 mm, guaranteeing the safe and effective mining of the working face.

Key words: driving along goaf with narrow coal pillar; hard roof; coal pillar width; surrounding rock

stability control; hydraulic fracturing roof-cutting and pressure-relief control; key block in main roof
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Fig. 2 Comprehensive stratigraphic column of coal and rock strata
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Table 1 Physical and mechanical parameters and geometric

characteristics of coal and rock masses
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Fig. 13 Verification of hydraulic fracturing effectiveness

7E 90302 iz i 45 N 45 B 30 m 57—
AR 1 R A T D] SR S0, S 3 LA WAL SR ik
Kl 14 FR o

H P 14 00 Y, 90302 12 i A5 il 1 J [ 4 1z )
O A R, Bl A2 R R PO N N A 4 2E 52 UR
0~5d A, PHFICBIOE R ER, e KA 16.55 mm/d,
TOUJFE 2 S 30 8 4 die K fE O 7.23 mv/d, 76 8 12F 52 1%
20 dJi, BIA I d R B HTFEARE 0. il A2
e HE 5 1 28 d J s T ARE , TR AR M 5 4% 3 £
de RAE S35 55, 82 mm, 35 18 % W L5 8/ MR
J0) ) TOURE AR AL A 2t 5 KA O 148 mm, P45 i SICRE
KA 196 mm, BEFHH Of T A 122 4 2 el o

5 &g

1) N7 23 4 4 Bl 45 40 A AL, o A
HERSE I 50 530 05 A, BRIETHIEAS 90302 iz fi 4%

%51 %
90 18
g 75F 15
E
i | o
& 60 12 5
B =
E o &
B T
= - Wit oo
301 o pipEE 10 &
= o BURAR B AT %
E st 13
* * ; 0
0 5 10 15 20 25 30
S SE U I /d
(a) fiE3EWIIE]
210 Lo
>
180 FoO088010 10
g
E 11 -
é& 150F = Wi puRsn 5
ol —e— TS A2
b —o- PSR £
E 1200 o DURRBITEE |, =
§ 90 | 14 i
x
60 F 5
’ y L : 6
100 80 60 40 20 0

AT AR TR S /m
(b) BRI
& 14 FA SRS
Fig. 14 Monitoring for convergence displacement of

surrounding rock
T 25 4 S AL CRAF AR E M SE R 6.93 m, 43 AT T ¢
HH B KR EE IR R F R TR EE i A
S RO R E PR R

2) MR SEBR AR 77 bl T 4544, 57 UDEC $0{E 11
SRR A3 M T SRR B R ER, AR 2R 104
MR . 90302 iz i 45 [l W SRR A, BART TR 2
P 5 Bl A AR TE W R

3) FETF U/ NE T B | AR AP RRE A A 28 1) 42 i
WU, 5 AL SE FE R 7 m, 2T K RS TR A
AR R H OGS H, TRSEERW, 78 TIEm
a1 R 18], 90302 iz i 4% 100 A A0 35 e KA I 1t 43
AR 148, 196 mm, 3518 W7 I RE 0% 15 /2 22 4 i R4 )™
2R

2% 3k (References):

(1] e, E30im, EHPE & R R Z i s A
SCEH P RPERIEAR [T]. 5% TRE, 2024, 56(2):45-51.
LI Huamin, WANG Wenqgiang, WANG Zuguang;, et al.
Surrounding rock control technology with synergetic
support and pressure relief for gob-side entry driving in
extra-thick coal seam[J]. Coal Engineering, 2024,
56(2):45-51.

(2] AEmes, BRI, M550, &, SRR Z I DOMERET T



2025 5% 5 #

MRz BRR TR T & 2 |ABA L ERAR T IEH AR

¢ 31 o

f s b i o R HLEE (D). RYT 5 G 2 2 6 TR AR,
2023, 5(2):36-45.

HAO Xiaoqi, HAN Gang, XIE Jiahao, et al. Rock burst
mechanism of roadway excavation along goaf with small
coal pillar in Ordos mining areal[J]. Journal of Mining
and Strata Control Engineering, 2023, 5(2): 36-45.
G, FH R I 2 4 T8 TR 285 M s AL e B 4%
HIEARBETC I]. HRBHEHA, 2019, 47(12): 68-75.
ZHANG Bo, TIAN Suchuan.

structureevolution

Study on roof

process and surrounding rock
controltechnology of gob-side roadway[J]. Coal Science
andTechnology, 2019, 47(12): 68-75.

skB W, BoR e, £, TR S R TGE M %
WA B Ht 5t L], Wit 5 50T K 2025, 45(5):
132-141.

ZHANG Xiufeng, MU Zonglong, WANG Hao, et al.
Study on reasonable parameters of blasting along hard
roof in gob-side roadway[J]. Mining Research and
Development, 2025, 45(5): 132-141.

RS, ROCHT, FETE, S5, WERETOUAR /N AL v = 1
DITREN e G 2 Mt 7 (3] B 22 2R 7 R R,
2025, 21(2): 99-107.

TAN Yawu, ZHAO Guangming, CHENG Xiang, et al.
Study on key parameters of roof cutting and pressure
relief in small coal pillar gob-side entry driving with
hard roof[J]. Journal of Safety Science and Technology,
2025, 21(2): 99-107.

k&6, Pt 55 TR & T0T 250 e AL B K 1) T4 ol 5 R
wrE 1], L™ A 301k, 2024, 50(11): 132-141.

GENG Ming, SUN Jing. Study on disaster mechanism of
thick and hard overhanging roof and top cutting control
technology[J]. Journal of Mine Automation, 2024,
50(11): 132-141.

MU, e, SO0 . TR A e SR A e U
B AT 7C (0], A A 705 5 TR S 4l 20040200
3475-3479.

BAI Jianbiao, HOU Chaojiong, HUANG Hanfu.
Numerical simulation study on stability of narrow coal
pillar of roadway driving along goaf[J]. Chinese Journal
of Rock Mechanics and Engineering, 2004(20) :
3475-3479.

VR, T, ZEHEZE, 25, T B E I T R
AR AL RS A (T. SR 5 2 4 TR 2R,
2023, 40(6): 1151-1160.

SUN Lihui, DING Bin, LI Wangjun, et al. Width
optimization and application of narrow coal pillar in
gob-side entry driven in thick coal seam in Luzigou
Mine[J]. Journal of Mining & Safety Engineering,
2023, 40(6): 1151-1160.

BN, BB, BRI & 22 R TR Z
ZRTBC LA T A A 4 8 BOR (0], BR B 2 BOR
2024, 52(3):13-23.

HUO Bingjie, MENG Fanlu, LI Tianhang, et al. Small

[10]

[11]

(12]

(13]

(14]

[15]

[16]

coal pillar technology in fully-mechanized top-coal
caving face of multi layer hard roof and extra thick coal
seam[J]. Coal Science and Technology, 2024, 52(3):
13-23.

wk ot FEENE, PREAE, &5, DB B i 58 B 2 A
Fe Al ——Ch 2 7 o B i (7). o B2 R,
2022, 50(10): 60-67.

ZHANG Jingui, CHENG Zhiheng, CHEN Haoyi, et al.
Analysis and optimization of remaining width of coal
pillars in the section of Yayaomao Coal Mine[J]. Coal
Science and Technology, 2022, 50(10): 60-67.

JAALAS, Mo, BREIE, &5 R E BRI I B
B ¥ 9 BE AL AL 7T (). MER B 22 5O 2022, 50(3):
92-101.

ZHOU Lijie, CHEN Liang, CHENG Zhiheng, et al.
Study on optimization of coal pillar width of gob-side
entry driving in thick coal seam with gas outburst[J].
Coal Science and Technology, 2022, 50(3):92-101.
PR, 22, SRR s AR L R /NS R AR e
PEJREL ], R 24, 2001, 28(1): 1-7

HOU Chaojiong, LI Xuehua. Stability principle of big
and small structures of rock surrounding roadway driven
along goaf in fully mechanized top coal caving face[J].
Journal of China Coal Society, 2001, 28(1): 1-7.

BAI Jianbiao, SHEN Wenlong, GUO Guanlong, et al.
Roof deformation, failure characteristics, and preventive
techniques of gob-side entry driving heading adjacent to
the advancing working face[J]. Rock Mechanics and
Rock Engineering, 2015, 48(6): 2447-2458.

AR, #dk, RITRE, & K F R Z I 2 8 4
ey RpIE 5 L 5 e )42 i SRS (0] o Al K 2 24,
2024, 53(2):238-249.

LU Yinlong, HAN Lei, WU Kaizhi, et al
Characteristics of stress sources and comprehensive
control strategies for surrounding rocks of gob-side
driving entry in extra thick coal seam[J]. Journal of
China University of Mining & Technology, 2024,
53(2):238-249.

X B, PR TR IAI B, S VRS A TE O 1) 45 44 U] T
Ji f BEBE T 0] 87k BF 5t 5 0Tk, 2023, 43(2) -
108-115.

ZHAO Gaoming, TU Min, ZHANG Xiangyang, et al.
Research on roof cutting and pressure relief angle of
lateral structure in gob-side entry[J]. Mining Research
and Development, 2023, 43(2): 108-115.

rdE, U, 905, & VDAL 0B 2 R S e
KESHE THEMNAD] RV 524 TR,
2023, 40C1):91-100.

XU Lei, LI Mingwei, GUO Liang, et al. Key parameters
and engineering application of roof cutting and pressure
relief driving in cutting lower key stratum[J]. Journal of
Mining & Safety Engineering, 2023, 40(1): 91-100.

(F#% 40 )


https://doi.org/10.3321/j.issn:1000-6915.2004.20.015
https://doi.org/10.3321/j.issn:1000-6915.2004.20.015
https://doi.org/10.3321/j.issn:1000-6915.2004.20.015
https://doi.org/10.3321/j.issn:0253-9993.2001.01.001
https://doi.org/10.3321/j.issn:0253-9993.2001.01.001
https://doi.org/10.1007/s00603-015-0713-2
https://doi.org/10.1007/s00603-015-0713-2

. 40 -

5 8k

% 51 %

hard roofs due to directional hydraulic fracturing[J].
Chinese Journal of Rock Mechanics and Engineering,
2022, 41(10):2015-2029.

(17]

Wi, B, EIEAR, & TR “NEMEUZ” BiiE
R L R T v AU K A (0] R A, 2023,
48(2): 636-648.

[12] #&R, YR, FIRZE, 5. WA AR 3h 77 U< 3 i PAN Junfeng, KANG Hongpu, YAN Yaodong, et al.
5940 va B HOR []. B o % 4k, 2020, 45(10) : The method, mechanism and application of preventing
3371-3379. rock burst by artificial liberation layer of roof[J].
YANG Junzhe, ZHENG Kaige, WANG Zhenrong; et al. Journal of China Coal Society, 2023, 48(2): 636-648.
Technology of weakening and danger-breaking dynamic (18] WA, 56T e JELHR T 145 frty 'S ek 52 T ok 7 550 o ML 1)
disasters by hard roof[J]. Journal of China Coal S#smImise (D], &M B ET R, 2019.

Society 2020, 45(10):3371-3379. YANG Shengli. Study on the disaster-causing

(13] PN, BRARIE, REMEAE, 25, R B AR TR 3557 mechanism and control criteria of the hard and thick roof
AR A B TE D] R D) 5 TR AR 2019, strata based on medium thick plate theory[D]. Xuzhou:
38(8): 1647-1658. ) China University of Mining and Technology, 2019.

SUN Chuang, CHEN Dongxu, CHENG Yaohui, et ?l' (19] BETE, W/, Do, A i o A o U THA s 2
Study c?n ?ollapse rule and cont.rol of hard roofs in R S R ST (0] SRR, 2023,
1s\t{eephly {ncllnszcoa.l sea@s [Jj(.) 1C9h1;1§§?g 510;1161‘1:171 (1)25};061( 44(4): 137-142, 149.

echanics and Engineering, ) : - . . . o
SR S DAL B R P ) BOR L. R 22 4, 2018, , . . .
49(9): 271275, suppo.rtmg and u.nloadmg in gob-side entry vxflth hard
DONG Hexiang, DUAN Hongfei. WANG Yajun. roof in extra-thlclf coal seam[J]. Coal Science &

. Technology Magazine, 2023, 44(4): 137-142, 149.

Mechanism and control technology of strong strata o A e bt s 1 s |
behavior of gob-side entry in extra thick coal seam with 201 Tk, f FE’ E% F, 55 ‘jillﬂjm %mﬁ‘%%@ s
hard roof[J]. Safety in Coal Mines, 2018, 49(9) : JF BT ] il RAEOR AR L] BOR ik 2023,
271-275. 48(5):1875-1893.

(15] S EAk, 8150 b8, KT i o037 B 4 4 Wy R AT 3 30 YU Bin, TAI Yang, KUANG Tiejun, et al. Theory and
FERF AT (7] 5 2240, 2004, 29(1): 7-11. technical system of control of far-near field hard roofs
GONG Peilin, JIN Zhongming. Study on the structure from ground and underground in a large space stope[J].
characteristics and movement laws of overlying strata Journal of China Coal Society, 2023, 48(5): 1875-1893.
with large mining height[J]. Journal of China Coal (211 SR, WA, N, S SR TR e o AR
Society, 2004, 29(1): 7-11. Z AL XX B rhE AR D] L 83, 2022,

(16] i, JCMEAE B BT RS 110 ik I, kY™ 48(4):121-127.
a2 4 TR, 2023, 40(5): 869-881. MA Hongyuan, PAN Junfeng, XI Guojun, et al. Rock
HE Manchao. Theory and engineering practice for non- burst prevention technology in  multi-roadway
pillars mining with automagical entry formation and 110 intersection area of hard roof strong impact working
mining method[J]. Journal of Mining & Safety face[J]. Journal of Mine Automation, 2022, 48(4) :
Engineering, 2023, 40(5): 869-881. 121-127.

(8% 31 1)

(17]

(18]

(19]

SRETME, B K, S, S OCR m/INEAE TR S A
DI THUED s BB 2 2 1 R 0] 45 24, 2021, 46(7):
2254-2267.

ZHANG Baisheng, WANG Pengfei, CUI Shouqing,
et al. Mechanism and surrounding rock control of
roadway driving along gob in shallow-buried, large
mining height and small coal pillars by roof cutting[J].
Journal of China Coal Society, 2021, 46(7):2254-2267.
WU Wenda, BAI Jianbiao, WANG Xiangyu, et al.
Numerical study of failure mechanisms and control
techniques for a gob-side yield pillar in the Sijiazhuang
Coal Mine, China[J]. Rock Mechanics and Rock
Engineering, 2019, 52(4): 1231-1245.

WU Bowen, WANG Xiangyu, BAI Jianbiao, et al.
Study on crack evolution mechanism of roadside backfill
body in gob-side entry retaining based on UDEC trigon

[20]

(21]

model[J]. Rock Mechanics and Rock Engineering,
2019, 52(9):3385-3399.

X, X BH, B, A SR I ) e i A E A T
wom i A K e B A 0L R R B R
2021, 49(4): 111-120.

ZHAO Shankun, ZHAO Yang, WANG Yin, et al.
Experimental study on fracture mode of lateral high
andlow thick and hard roof in mining roadway[J].
CoalScience and Technology, 2021, 49(4): 111-120.
WWE, RIE, MR, S IRENR B RR GOR =
I 8 A A B A T8 S (0], 7 2 B R S R
2024, 44(3):563-574.

PENG Linjun, WU Jiayao, HE Manchao,
Optimization of coal pillar and tunnel support for fully

et al.

mechanized caving along gob in deep and extra thick
coal seams[J]. Journal of Xi'an University of Science
and Technology, 2024, 44(3): 563-574.


https://doi.org/10.3321/j.issn:0253-9993.2004.01.002
https://doi.org/10.3321/j.issn:0253-9993.2004.01.002
https://doi.org/10.3321/j.issn:0253-9993.2004.01.002
https://doi.org/10.1007/s00603-018-1654-3
https://doi.org/10.1007/s00603-018-1654-3
https://doi.org/10.1007/s00603-019-01789-6

	0 引言
	1 工程背景
	1.1 工作面条件
	1.2 巷道支护方案

	2 煤柱合理宽度理论分析
	2.1 煤柱宽度力学模型
	2.2 煤柱稳定临界判据
	2.3 煤柱稳定影响因素

	3 厚硬顶板切顶卸压控制机理
	3.1 数值计算模型
	3.2 煤柱损伤破坏规律
	3.3 巷道变形破坏特征

	4 现场应用
	4.1 水压致裂切顶方案
	4.2 切顶卸压效果

	5 结论
	参考文献

