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Abstract: Aiming at the problem of large deformation and instability control of narrow coal pillar in the vertical stratifica-

tion section of extra-thick coal seam, the stability and control technology of the surrounding rock of narrow coal pillar in
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extra-thick coal seam are studied by combining theoretical analysis, numerical simulation and field test. Based on the cal-
culation of the triaxial stress in the narrow coal pillar, the yield criterion of the plane strain of the narrow coal pillar is ob-
tained based on the Mohr-Coulomb failure strength, the failure characteristics and the evolution law of the damage degree
of the narrow coal pillar are qualitatively analyzed, and the instability mechanism and size effect of the narrow coal pillar
are further analyzed. Finally, the key technologies of surrounding rock control of the narrow coal pillar are given. It is
verified by numerical simulation and field test. The research results show that (D The damage degree of the middle part of
the narrow coal pillar is greater than that of the two sides, and the damage degree of the middle part from the top to the
bottom develops from serious to slight. With the increase of width-height ratio, the damage degree and the proportion of
serious damage area in the narrow coal pillar gradually decrease. When the width-height ratio is greater than 1 : 1, a large
range of slight damage area begins to appear in the middle and lower part of the narrow coal pillar. When the width-height
ratio is greater than 5 : 3, the proportion of slight damage area exceeds 50%. When C=3 MPa, or ¢ =20°, the damage de-
gree of the two sides of the narrow coal pillar becomes slight. 2 The side of the mining roadway in the working face is a
low-stress bearing area of the narrow coal pillar. Under the action of high stress in the upper part, the coal body in the
large-scale low-stress bearing area moves to the roadway, resulting in a continuous large deformation of the two sides,
which in turn affects the stability of the roof. The height of coal pillar is the main controlling factor for the stability of the
narrow coal pillar in the middle and bottom layered sections. The increase of width-height ratio of the narrow coal pillar
has little influence on the bearing strength of high strength bearing area, while the bearing strength of low strength bearing
area increases obviously. Reasonable width-height ratio of the narrow coal pillar can balance the proportion of high and
low strength bearing area in coal pillar. 3 The stability of surrounding rock should be considered in the design of layered
narrow coal pillars when both sides of the working face are mined out, so as to ensure that the range of high-strength bear-
ing area inside the coal pillar is greater than half of the width and height of the coal pillar. Through the joint strengthening
support measures, multiple joint control areas from shallow to deep are formed in the coal pillar to jointly maintain the self-

stability of the coal pillar.
Key words: extra-thick coal seam; vertical layered mining; narrow pillar; stability; surrounding rock control
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Fig.5 Three-dimensional diagram of yield criterion of narrow

coal pillar in different width-height ratio
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Table 1 Comparative data of stress state of coal body under different narrow coal pillar sizes
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Table 2 Physical and mechanical parameters of coal rock
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Fig.24 Plastic zone and deformation shape of coal pillar in middle stratified section under different schemes



55914

A RRIRERZ T 02 X BRI LR e P SR AR 3741

(a) 9 mMEHE- ISP T & | (b)9 mﬁﬁﬁ*ﬁﬁ%iﬁ“ﬁ?ﬁ“

(c) 15 miERE- AL sc3 Ty 6

None shear-n shear-p shear-p tension-p tension-n tension-p
shear-n | | shear-n shear-n tension-p [§ shear-p tension-p J§ tension-n shear-p tension-p | tension-p

B 25 RIAJFRIT . SR K BB K T I

Fig.25 Plastic zone and deformation shape of coal pillar in the middle and bottom stratified sections under different schemes

XF EG A M AT L, I 0 SR SRAR AR IR K e 4y 2
I R AL P % W 9 m AR SRS B R
WA 7 R ) ATl | A R A A Sy
SN 30% Ko 229%, T 3E 1 3 KIEAEGEE T 9 m
J 15 m BEREES R LA 30 O R B A8 TR ) Al fifid
JE IZ IR ASTE 43 /N 24.4% K 22.8%, T4y )2
JREFEARIE RERE IR K TR 0 )2 AT 5 38 3 AR TR X)L vf
AR AL X T T v 43 2 AT A R SR B A
M 15 m BAERE, FHECT IR | RS IR AR
AR/ 47.3% K 39.8%, RR B3 .

3500

3179.2 o 220% ] 9 mPE A= ST 5
3000 B 9 mER— AL S T R
i 39.89, [ 15 mEA—RAS I T
£ 2500+
E
g@ 2000
ﬁ
=S 1500 ’mjov% 47.3%
oral 0
1000 952%
719.8
500 +

JRI SR SAE
K26 REJFRE T EE X BRI it AR

Fig.26 Maximum deformation amount and change rate of coal

A IR

pillar in middle and bottom slicing section under different

schemes
LA BdRar I, X4y 2 R GE iR LA
T AR S A () e B R T A SRR AR A AR T 1, 455
Bl AU M, BN TR 0 J2 IR, i 7 3 — 20 R BU
FMEAE BA 1 5 B At A B B A B PRI IE 5 [RR K
5 I#ENA

SET A o2 B B A i e K S S

BOBUERPIMI SR, SEHCE A E B 105(8), HLiE V-4
HEAT TS, A6 S35 S8 1 S ml 1, BLAR S 2
Pt A

(1) BEFEHS 4o AR R WS E B R 100 mm
(REE L, SR JE A TR 3K, TSR AL AR it
AR AT, HERE 1600 mm, 137 FL E A2 50 mm, TE3K
UREE 4 500 mm, VESMRE A T HL, IR0 R
HI7E 4~5 MPa. AT HLEER R FT TAEM 160 m Xf
BT R EIOME . AT, S50
$#20 mmx2 000 mm, [A]HEEE 800 mmx1 000 mm, % FT
SRR A . RS R AR — ], 18] fR
2 m BRI OR AE, ET S8 2 20 m, A&l 27 Pk .
R R AT EAMTH AR

(2) T0A 324 o X T0UAf W55 45 T2 1 8y 80 mm A2 4
() C20 JR%E 2, S AR, Brieds i AR 1) T4
TRASCAN THEAT, 55 FF 2408 620 mmx1 800 mm, [H]HE
#H 800 mmx1 000 mm, F7F 55 I AL H — M, [H]f% 2
m B AR I

(3) SERBERE b e B B AT
TETE B, X R R A EAM TR B, AMTHREAT, A
52500420 mmx2 000 mm, [A[HEE 800 mmx1 000 mm,
SR X AR TS R T IS 100 mm 2547 C20 TREE )2

105(8), TAE HiLIE -l 1k Fe T me e | SRR I
T RTINS S, A B e M S R AR 3|
A S A, AT B JC SRS K G, B R T,
SCAPAR TC I R K, A TE ISR AN R 28 TR .

HART TAF T 100 m 7E 105(8), T4 1 % i - A
BEALREIN L, W S5 SR AN TE] 29 R, A3 R T A AR
T H ], P AR T 3 i T TR A, AT S AR TR
IRk 288 mm, SEARIEH AR IE & Ok 205 mm, TS
WAETE oA 162 mmo MBI 7R, 76 T AF 1 B R 4
], AT TAE I 30 m i [ P AR I FLA A8 T8 R EOKR,



3742 £ % F 1# 2024 AR5 49 %
THAH AT
™~ ¢20 mmx1 800 mm
HEFF 1 000 mm
3000
700,800 800
500 200
1 HAtAT
T % ¢22 mmx4 000 mm = 3 ] m
TN 159 S 108 <_¢20 mmx2 000 mm
5 HEHI1 000 mm 1 SEB 1 000 m
S G
) R RS
S/ H % ol =
" HE el
*
75°
\

R — % — R
K 27 BUAAE MR PR

Fig.27 Site roadway reinforcement support scheme

(c) TR (d) JEAEFS

28 B SCCR
Fig.28 Field test of support effect

1B g Sk TOURR AR AR SHE SO B 25 PF T B R B8 AN i

300
250 D Figﬁ% it 50 mm, F8 HER 2 AR W AT SR BRI,
£ 200 — TR ARG AR, BE R TP, S8 AR T AR
18 150 IEHF R, TTFR TR
o
S 10 6 % i
50
b o (1) FE T BE IR — PR AR Wi I 5 B v DU 743 21 7 A
O e T 725 4 o U, 5 25 7 R T LIS 3324 5]
‘ FEHESI TR R IRS -
29 SRR AR I AHITTRILRIPRS. "
. . . (2) 7ML A R BEIR AR EE R T W4, R 1 Tt ]
Fig.29 Deformation curves of surrounding rock after e L X
RERBEIA R B ™ ) AR A R . BB T LI

anchoring and fillin
y y AR PR T R X 5 T,



55914

AR FRIRER IR B R X B LA AR SR i EoR

3743

MR R T 10 1, A T 3T 4G B Y
FRAEIR X, M E KT 5 3, BRI IR X
it 50%; 24 C = 3 MPa, 8 ¢ = 20°1}, 75 EAE P RS
IR B B 70 SRy B L A 4y IO %o 28 JREAE D R s 34
KR

(3) TAETE PR A TE — M0 7 A IR 8 B 7 2 X
e SRR, R AR, g 7 DX Ak )
A RE, H B P F A K AR Y, B I R 0 T AR 1)
FaE k.

(4) BEFE R B S | R 2 X B AR E 1 £
PR, 78 IR T i L3 R, XoF 1 i B 7 2 IX R iR
JEE 52 T AN T AEK 9 R 2k X 2 i 34 o s B
o R A BR AR R X LU R AR A B i b3 K
MR, Brimtb <1 : 10, RN SFEED 25%
f7 O AR5 B B PR R 3R X, S e R HLak E 5 - 3 A
i, R PR 4 Ay v i SR A PR AR R X

(5) Z3 278 B BRI T 25 DB TR T AR 25 s
FrRaE M, DRIEARAT: PN 0 e R R A X R A
B v B 24 TR T B o S b it ol
S NI B AR 2 AP il 26

% LK (References):

Nt

N

1] BAERH, SRIE, 5 Ui, 55, FRIR SRR 2K 2R AE 2
MR FE L[], JHEF4H, 2013, 38(7): 1109-1115.

DAI Huayang, GUO Junting, YI Sihai, et al. The mechanism of strata

—
—

and surface movements induced by extra-thick steeply inclined coal
seam applied horizontal slice mining[J]. Journal of China Coal Soci-
ety, 2013, 38(7): 1109-1115.

[2] FERREJERZEIERIESEORM]. Abat: & Tl AR, 2009.

[3] AT SRATZE M. AR P EG LR i, 2003.

[4] Zod, W%, TRE. SUE S I8 A HALE K dH AR ]
AR, 2012, 37(9): 1564-1569.
LI Lei, BAI Jianbiao, WANG Xiangyu. Rational position and control
technique of roadway driving along next goaf in fully mechanized top
coal caving face[J]. Journal of China Coal Society, 2012, 37(9):
1564—-1569.

[5] A3t 228, AR, A5, FEATHURT AL X 2 AT 5 (1 i) B
REFI[I]. B 241, 2014, 39(S2): 332-338.
ZHA Wenhua, LI Xue, HUA Xinzhu, et al. Impact and application on
narrow coal pillar for roadway protecting from fracture position of
upper roof[J]. Journal of China Coal Society, 2014, 39(S2): 332—-338.

[6] AR, KL, SRRy, 45, FET MM I3 S s AARRE I 7 IX 7525
THAMEAE SEREALBT[I]. BEDCFAR, 2018, 43(2): 319-326.
JIANG Yaodong, SONG Honghua, MA Zhengian, et al. Optimiza-
tion research on the width of narrow coal pillar along goaf tunnel in
tectonic stress zone[J]. Journal of China Coal Society, 2018, 43(2):
319-326.

(7

(8]

]

[10]

(1]

[12]

[13]

[14]

ZERA, T, LI, A5 S T O BE R RE S IR L
W P ES LR, 2019, 48(2): 247-257.
LI Shucai, WANG Lei, JIANG Bei, et al. The microseismic charac-
teristics and failure mechanism of tunnels under coal pillars under the
influence of dynamic pressure[J]. Journal of China University of
Mining and Technology, 2019, 48(2): 247-257.
sk, TR, SRR, S TARRIUTHEE T SRici s S B AR A AT
T MR HII]. R, 2021, 46(4): 1211-1219.
ZHANG Hongwei, WAN Zhijun, ZHANG Yuan, et al. Stability con-
trol of narrow coal Pillars in the fully-mechanized gob-side entry dur-
ing sequenced top coal caving mining[J]. Journal of China Coal Soci-
ety, 2021, 46(4): 1211-1219.
MR, RIRYL, DL, 55 JOR B s AR A A I s P A
FIE PRI []. BERRLABOR, 2021, 49(10): 34-43.
PENG Linjun, SONG Zhenqi, ZHOU Guanghua, et al. Surrounding
rock control on narrow coal pillar along gob in dynamic pressure
roadway with large mining height top coal caving[J]. Coal Science
and Technology, 2021, 49(10): 34—43.
ARG, 2R, ZER NI, 25 (BURHEAEZ 1 25 A AR ) 22 R AE Y
RSFRENE T[T, Rl 5% 4 T AR2A4R, 2019, 36(6): 1120-1127.
ZHAO Pengxiang, LI Gang, LI Shugang, et al. Analysis of size ef-
fect of mechanical characteristics of coal Pillars gob-side entry in in-
clined thick coal seam[J]. Journal of Mining & Safety Engineering,
2019, 36(6): 1120—1127.
HIIHE, TR, T, 45 G BURMT B2 A AL R p LR
S RIATERII]. BERBAR, 2024, 52(3): 38-52.
MENG Qiaorong, WANG Huixian, WANG Pengfei, et al. Gateroad
protection mechanism and surrounding rock control for gob-side
entry with slender pillar in deep and inclined extra-thick coal
seams[J]. Coal Science and Technology, 2024, 52(3): 38—52.
PRIEFE, Z7K5E, B, 2. ARl Ak 48 2 LR S
TR =247, 2018, 43(7): 1847-1857.
CHEN Zhengbai, LI Yongliang, YANG Renshu, et al. Non-uniform
deformation mechanism and support technology of narrow coal pil-
lar roadway[J]. Journal of China Coal Society, 2018, 43(7):
1847-1857.
W o, BRI, K. ZERURZUR S A A2 AL Rk
TR BLBE 5 4 R [0 R 5 % 4 TR AEM, 2019, 36(5):
941-948.
XU Qingyun, HUANG Qingguo, ZHANG Guangchao. Fracture and
instability mechanism and control technology of a narrow coal pil-
lar in an entry in fully mechanized caving mining under intense ef-
fect mining[J]. Journal of Mining & Safety Engineering, 2019, 36(5):
941-948.
AT SC i, AT BT %, BRACAC, S5, IR A JEL AR TR JEE AR 2 25O 2 i
BBV 5 WA PRI 0], R 5 2 4 TR 244, 2020, 37(2):
349-358, 365.
HE Wenrui, HE Fulian, CHEN Dongdong, et al. Pillar width and

surrounding rock control of gob-side roadway with mechanical



3744

%X

% 2024 4E5F 49 %

[15]

[16]

[17]

[18]

[19]

[20]

caved mining in extra-thick coal seams under hard-thick main
roof[J]. Journal of Mining & Safety Engineering, 2020, 37(2):
349-358,365.

VKR . SRR A ALY 2 4 % HLE R R LB 5 P2 BOR 7],
HERFIEHR, 2018, 46(10): 149—154.

SUN Fuyu. Instability mechanism and control technology of sur-
rounding rock of gob-side entry with narrow pillar by fully-mechan-
ized caving mining[J]. Coal Science and Technology, 2018, 46(10):
149-154.

FENG J W, WANG W M, WANG Z, et al. Study on the mechan-
ism and control of strong rock pressure in thick coal seam mining
under the goaf of very close multiple coal seams[J]. Processes, 2023,
11(5): 1320.

ZHANG Z Z, DENG M, BAI J B, et al. Stability control of gob-side
entry retained under the gob with close distance coal seams[J]. Inter-
national Journal of Mining Science and Technology, 2021, 31(2):
321-332.

SALMI E F, NAZEM M, KARAKUS M. The effect of rock mass
gradual deterioration on the mechanism of post-mining subsidence
over shallow abandoned coal mines[J]. International Journal of Rock
Mechanics and Mining Sciences, 2017, 91: 59-71.

KNG IR 53 2T RASE A B 5 XA HFFE[D). £ g™
Wk, 2016.

LIU Jiacheng. Study on roadway layout and support in thick coal
seam slicing mining[D]. Xuzhou: China University of Mining and
Technology, 2016.

HIF R, Eh T AR, FEAm, G5, RRIEMEZ TR T SRR R AR R R
R ohdi o 2 AR BLBOE ST 0], RO 5 24 TR 2, 2021,
38(1): 31-40.

ZHU Sitao, MA Yuzhen, JIANG Fuxing, et al. Mechanism of rock

burst in the bottom coal seam of super high seam with overall slip-

[21]

[22]

[23]

[24]

[25]
[26]
[27]

[28]

page and instability[J]. Journal of Mining & Safety Engineering,
2021, 38(1): 31-40.

Rz, RPN, PRIR, 55, SReas X I B B e S22 [ SR A3
AL S AR 9], B0, 2019, 44(9): 2682-2690.

HAO Dengyun, WU Yongzheng, CHEN Haijun, et al. Instability
mechanism and prevention technology of roadway in close distance
and extra thick coal seam under goaf[J]. Journal of China Coal Soci-
ety, 2019, 44(9): 2682-2690.

BRI, T, SRR, S RS IR 232 SR AR B A s
B B S A D). R 1558 2 TREAA, 2022, 4(5): 58-67.
ZHAO Haoliang, WANG Song, ZHANG Zhiqiang, et al. Surround-
ing rock movement of layered double flexible formwork wall retain-
ing roadway under extra thickness coal seam and support optimiza-
tion[J]. Journal of Mining and Strata Control Engineering, 2022,
4(5): 58-67.

T, U, PHEGE, 9. FHEER B R TR R 40k TR X
BORAE JASHLBR A [I]. B4, 2021, 46(12): 3756-3770.
WANG Zhiqgiang, WU Chao, LUO lJianqiao, et al. Instability mech-
anism and control of section coal pillar in fully mechanized mining
face with super thick roof and extra thick seam[J]. Journal of China
Coal Society, 2021, 46(12): 3756-3770.

WANG Z Q, WU C, LUO J Q, et al. Research on stress analysis and
control of surrounding rock of trapezoidal roadways based on com-
plex variable theory[J]. Shock and Vibration, 2021: 6381785.
WL, BTy EHMI. 5 . U MR AL, 2016.
EVASHE. A s T 2 M. 2 AR JEaT: BUBE Tl A, 2024
TSR, AR SE. Sk S HAe s TR P RN I M. et 4
BTl L, 2003.

MRE &, AL F. BRHLE SR 538 Jy 22 (M), et spEE R T
A, 2004.


https://doi.org/10.3390/pr11051320
https://doi.org/10.1016/j.ijmst.2020.11.002
https://doi.org/10.1016/j.ijmst.2020.11.002
https://doi.org/10.1016/j.ijrmms.2016.11.012
https://doi.org/10.1016/j.ijrmms.2016.11.012

	1 工程背景
	2 区段窄煤柱破坏特征
	2.1 窄煤柱平面应变的屈服准则
	2.2 区段窄煤柱破坏特征分析
	2.2.1 窄煤柱宽度的影响规律
	2.2.2 覆岩载荷应力集中系数的影响规律
	2.2.3 煤体黏聚力的影响规律
	2.2.4 煤体内摩擦角的影响规律


	3 区段窄煤柱失稳机理
	4 区段窄煤柱围岩控制技术
	4.1 垂直分层开采区段煤柱合理尺寸留设
	4.2 垂直分层相邻巷道支护技术
	4.2.1 区段煤柱加强支护控制
	4.2.2 支护效果数值模拟分析


	5 工程应用
	6 结　　论
	参考文献

