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Research on the optimal position of roadways in fully mechanized caving faces in mine-out areas of

close distance coal seams

ZHANG Wei', ZHANG Guojun', SHI Yongguang', ZHEN Weijie', WANG Yuliang’, LI Yihang’, LI Yang’
(1. Inner Mongolia Pingzhuang Coal Industry ( Group ) Co., Ltd., Chifeng 024000, China; 2. School of Energy and
Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: Fully mechanized caving faces in close-distance coal seams involve extensive extraction spaces
and high mining intensity. The extraction of roadways in lower coal seams is affected by stress concentration and
support challenges resulting from the mining of upper seams. Hence, determining the optimal roadway position is
crucial for effective support control in these settings. This study focused on the No. 2 coal seam and the No. 1-1
sub-seam at Xilutian Coal Mine. It evaluated both the stress reduction zone in the floor caused by upper seam
extraction and the limit equilibrium zone during lower seam extraction, concluding that the optimal roadway
position should be more than 22.79 meters away from the solid coal pillar. Theoretical calculations were used to
analyze the stress distribution pattern in the floor following upper seam extraction, as well as the deformation and
failure characteristics of the surrounding rock at various internal offsets. The results revealed: (D A pronounced
difference between maximum and minimum stresses occurred closer to the floor of the mine-out area. (2) With

increasing internal offset, the surrounding rock stress and stress concentration coefficient initially decreased
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sharply, then increased slowly, and eventually stabilized, with relatively low values observed within the 20-25

meters internal offset range. (3 The plastic zone of the surrounding rock decreased and then increased, with

minimal damage to the roadway rock observed at internal offsets of 20 and 25 meters. (4) Roadway deformation

decreased as the internal offset increased, and surrounding rock displacement stabilized when the internal offset

reached 25 meters. (5 The optimal internal offset for the roadway was determined to be 20-25 meters. Engineering

applications confirmed that a 24-meter internal offset maintained both rock looseness and deformation within

controllable limits, further validating this internal offset.

Key words: close distance coal seam; fully mechanized caving face; roadway layout; surrounding rock

damage; internal offset; floor stress
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Table 2 Simulation scheme for internal offset roadway layout

JE WEEm | R AEE/m || 5 NE/m
1 0 4 15 7 30
2 5 5 20 8 35
3 10 6 25 9 40

33 EMERSH

D) b2 T AR H SRR AR N 7 Ao BT . L
JZ 021N, 5 T AR W R 5, HoR 3 [l 5 0y ) 543
A, SRR 7 T BN 3 4 v X, 1 SR 28 X TR B 48 1
X, TR SR A X PIANIE Ry B da, 1SR 28 X R el T
P YR I MERR OB R U, DT 328 4 i e 52, T e
SEIX, AR X BN ) B TR, W I TR A X
PRI, AH 3B IS TR AT O o SRS XIS AR N g 43
A 4 iR .

S KX SR
16 F —
—— 0
14 —— B Sm
£l —— JEE 10m
= — g 15m
S10p — B 20m
=g — P 25 m
1
woor
41
2F
0 20 40 60 80 100 120 140 160 180 200 220
PR B /m
(a) ZEHNJJ
2 [T K TEFE
2.00 F X
175
ﬁ 150 F J ;
Zaast —~— M5 20m
& | oo [ ‘ —~— g 25 m
=075t
0.50 |
0251

0 2I0 4I0 6I0 8I0 l(IJO léO 14I¥0 léO l§I§0 2(I)0 250
HERRJE/m
(b) NS4 R4
Bl 4 R KRR ) o3

Fig. 4 Stress distribution in the floor of mine-out area

th Pl 4 AT U 021N, £ T AR I TR i, e
JEE RN 3 o A B FE L 3 4R v 2 80 B Xy
P, KERERT TS B 4 B ) B v, d Ry B R AR
By 2.0, TR 23 DX B S0, de /N B R AR



.94 . E 8 E2id

B 0.37, BB RS X ARGERAT, 1 77 5 K5 /)N
(ELAF 22 BRI g, B ) 4 v R B2 R OR, Bl TR
SRS DX R B TR o, 30Fh 2 S B S RRAIR, PRI,
HEZ R, 2R 5 X T )2 5w s

5 T8 S A 7 T R S i LN R
LA T U] Ay s 17 3 B v X, A T T REARIX,
i PR A 1A [ A RS I R B /N Rl B A 7=
K, VEEJZ 1402 01N 23k T A 1 503 4 7 T
021N, K25 X T 7 20~25 m, b $EHCER 18 5 B4 B
FEASEE, W R 25 X 43 531 4 BCHE 25 B AT 0~ 60 m
HBE B R 23 KR MR 20, 25 m 190 77 80, 22618 )
Mk, TRl S fros . vl Bl 2 R A 2 A 1T 344
R, HR 7RI ) A v R R I 2 T AR A P 3
G2 K G T RE, 7RI B AR 20~25 m 4b R )
AIE SE G PO TN N TPIEZS vl S =
BT 20~25 m A E A AR E, B OLIN, ' 2%
A T T s e AR P A Ol 20~25 m

2) AR % T I A BRI . A
[F) P B BT A5 LA SRR IR A 1] 6 T . T
AN ) PR A8 B 5 58 T A5 R 2 M 1 DX T D S RN TR A
FEW 25 57 B YA IR A T K, AR T Bl b X
FENEE=S: IR RN SR DN S e o = e = 9T
1N ) A BT B SN AR B AN 0 35 A& 20 m I,
IV X Y0 R 4 N, ELSE v X3S Kk A i AR
fho NSRS 0 B, 538 FBlA & AR AEXTRR IR IR,
AT MAMA LABRIEE R FHAE LAMAT

B0 AR Smo NESEE 10m  AREEE 15Smo A

% 50 %
8.5
—s— P ERAS X R 20 m
8.0 F —o— PHE R A XK 25 m
£ 754
&
Eim
Eas
6.0 |
55 N N N H H N N N N N N 5
0 5 10 15 20 25 30 35 40 45 50 55 60
AL S /m
(a) FEHI T
115 ¢
1.10 —=— fIf BOR2S XA 20 m

Los —o— PRRPRZXJEM 25 m

W Loof
T+ L
& 095
ga%-
085}
0.80

O'750 ; lIO 1I5 2‘0 2:5 3I0 3I5 4I0 4IS 5I0 5I5 6I0
FEAEAEFE S /m
(b) N4 8L
[ 5 BREIEAES [RIRE 2 4k by 2k
Fig. 5 Stress curves at different distances from the coal pillar

Fi1, AELRE G PN RS I B0 3890, 3 ol 3 0 R T IR 3 ¥
AR RS FRWIR, e SR B PR I ) K e Al i, = SO
WAL 25 AR Il B o 25 PR I DA 25 m 398 o ==
40 m IiF, B DX [ AT S, (EE PR X AR
— B, BRI TN B R S B .
P XA AT DL B, 5 AR TE AL T N 48 20 m A1 25 m
[P SN Ry 78 T\

K6 RIRISMARE T Bl A AV ERHE

Fig. 6 Plastic characteristics of roadway surrounding rock under different external offset distances

3) AT N AT FA AR RHE BT . ASFN
FEIE R B A A 7 B, TAE BB R K
& it (60 T TV A o 38 B 5 S v A, Bl R PN
P S0 AT TN, s T TR M B S SR A N, Y
PUAS R TN 2 25 m B, AT FUA B ik AR R
A, I s T TOUC MR e KR 1 18 69 mm, S e K
kiR 63 mm, WO NASIER T 25 m B, 4518
FELE AR T A TR B/ ME, A R T A E 4

LEA N 1P | A5 B W S R i o M 4
B VB 1432 01N S TAEmBLIES S LT
VETRTBEAE N BE I R 20~25 m I i A7 F], X ik — 2B 56
UE T BT 45 0 A B

4 TEXBENAMR

R 6 UE VKA 1B R [0 R A G R AT R,
PLOTIN, ™ B3l 45 i 46 A5 08, JF B B N RS i



2024 £ % 9

RAFSF: AR ERTR TEKX DA SE L TR

¢« 05 »

90
80
s 70
£
= 60t e
= i
50} iy
e AHE 15 m
= 40 i 20 m
/ F5iH 25 m
y HEIH 30 m
30 AEHE 35 m

NASHE 40 m
0 05 10 15 20 25 30 35 40
HFEARIE AR S /m

(a) WHIFSHE L

[
(=)

100
90
80
g
£ 70
i il
) 60 g]é
2
x 0 EE 15m
W i 20 m
g B 25 m

i 30 m

0 05 1.0 1.5 20 25 3.0 3.5 40 45 5.0
AR 7 1 S /m

(b) THFE MRS
B 7 R[] AR EE S 5 A R TE
Fig. 7 Surrounding rock deformation of the roadway under

different internal offsetdistances

24 m, S kB H TR N HIZCR, JT & 1 4638 Fl A AL 3
08 P 3 A T L AT s
4.1 BB HIRE R F 54

K M ZTRI2 A 22 Y By 48 #b JoT 78 35 & 48 %
O1 TN, A TE s EA T THUJRE A S 91 36 i AR 91 16 00 3, S0
Y B O O1ING ! T A T BT 20~ 170 m, Jb A
3 AN 5, A0 A A R T e 1) B AR 50 m,
FAE S SIS A 8 s, MNAEs RAnE 9 s .

M3 4 2 Wi 1

Q
50m [ 50m [20m
T

K8 A
Fig. 8 Measurement points layout

MIEL O AT, i 2 03 DX o s 5 T o,
A T R S B0 IR 52 Wi A% O W AT, 4 B R A
100 m i 8 TR, 1 T AR 17 20~ 100 m fif £ 22
SR T AR TR B 52, 45 18 B i R 3 AR X 30K,
b TOUAR B IR Y L Ry 3.0~ 3.6 m, SIS AR B K3 [ Ry
1.6~2.2 m, ZEH WAL 1.4~2.1 m, £ HEEAAE
Bl ol 1.3~ 1.9 m; 7E3C B T AR 100 m Z 519 4 18 ]
IR BB/, TR Z A T AR R S R, Herp

oA | AR S S R SRR 43591 A 3.2, 2.0, 1.6 m,
e IE BBl B IR A 6 /0N, s 3R el 5 B AR
AL A WA

Ty
T8 PR VA m

AL bW — O
JEAR AR T8 A TR /m

150 100 50
BE T AETHHE BS/m
(a) AIETUEH

- 7 \E

16 =

15 ¥

143

lie

i

B 2 #@

{1 &8

0 &

100

I T A I 5 /m

AU h W — O
AR B A TR /m

150 100 50
W T AR T 25/m

(b) AEEMH
K19 ke
Fig. 9 Test results
42 BB EHFEMNHH
XF OTING ™ L3 A 7 (0] 5 39 o] f1) [ A2 JE R Ay

I, S5 10 R o AR IR 8l 52w i ], A
i U AR A iRy 16~ 128 mm, BT &S iy 12~
84 mm, I AR BN o A5 A B 0K A
OTINy " A T 9L 18 5% FH N B B 24 m 19 7 XA
I, B AT PR B A AR 1, HE— 2D BE T 1 B2
1 73 J2 IR AR G A B 2R N B BE 24 m 05 208 & B A
BITE

150 ¢
—=— TR L
120 b —o— P ARES
\E 90
ﬂg
{S 60
30 F

0 10 20 30 40 50 60 70 80 90 100 110
AR T IR B 5 /m
B 10 BB A IR

Fig. 10 Displacement curves of surrounding rock in the roadway



© 96 -« Iy 8 % 50 &
s measures for mining roadway under gob in close
5 &Y

D ST, Z5AHIE T )RR
M 7 3 B ARG DX 3BT S J2 T SR B ) b B - 77 X
o 4 2R Bl R 1 JEC R 7 g AR AT DX Sl B 5 OR 28
X 5% B3 A i % A KBRS A 2119 m, [R R
J2 TSR s A A 00 32 3] 2R 3 5 Wil 1T T 3 08 1 DX 1 i
WHEB N 1.6 m, B T M2 4538 10 & B B B
h 2279 m.,

2) WS BUEBAY, AT T LIRS AR N )
Sy AR, B SR A KR AR AT, B i K AE 5 fes s
L AF 22 00 A 108 i o P A B 3 AN DT K, LR g R
N B v R 2RI R AR T W 22 18 3 K e TR
FE, TE B B BERE 20~25 m Py HR y KR 7 4 R R A
FEXTEL /Ny AL, B PN S R 0 T 3 R, 45 [ 9
P X R St RSN 5 3G K R B, AR E A T
FEBE 20, 25 m B 5 T8 R R f /0N, T A T TR AR
F A5 A% ki i WS, Y N RS FE A N & 25 m B,
HIE B A B EARRIEAE, ZAE THIES
RS 20~25 m,

3) WE 01N, FLiB 45 W HEIE R 24 m 347K
B, 3 3 b 5 AR A AT S LA sl R K
TE P 5 AR TR W, 45 380 5 38 B R Bl i R B R A
s N, g — 2 TR AR Y A
FRYE

2% Lk (References):

(1] RRZ, 4RI, £, 5. RIERORIT R 5 5 2

BRKE 40 a JeJREE [T, KW~ 548 E 2] TR 2R,
2019, 1(2):7-39.
KANG Hongpu, XU Gang, WANG Biaomou, et al.
Forty years development and prospects of underground
coal mining and strata control technologies in China[J].
Journal of Mining and Strata Control Engineering,
2019, 1(2):7-39.

(2] B, x| —t, 22, &5 U A N R BCS i 4

P3R5 73 XBIRARAE 23 A (0] v LA™ MoK 27 24
2021, 50(5):963-974.
ZHAO Hongbao, LIU Yihong, LI Jinyu, et al. Analysis
of damage process and zonal failure characteristics of
rock mass under floor of isolated coal pillar[J]. Journal
of China University of Mining & Technology, 2021,
50(5):963-974.

(3] HEm MRR, T & TR X R RERAE
JEXTFRAL T LI B 42 0 5 (0], o EE Al K2 24,
2022, 51(4): 617-631.

FENG Guorui, HAO Chenliang, WANG Pengfei, et al.
Asymmetric

deformation mechanism and control

(10]

proximity[J]. Journal of China University of Mining &
Technology, 2022, 51(4): 617-631.

W, BSOR, TR, . KW IR BRI
56 5 W T R IR 5 340 2 AL [I/OL] . R B 22 1
A : 1-11[2024-06-20]. http://kns.cnki.net/kems/detail/
11.2402.td.20240509.1326.002.html.

PAN Kun, JU Wenjun, WANG Junchao,

Optimization of cross-sectional shape and support

et al

parameters of headgate in fully mechanized coal seam
with large dip angle and close distance[J/OL]. Coal
Science and Technology: 1-11[2024-06-20]. http://kns.
cnki.net/kems/detail/11.2402.td.20240509.1326.002.
html.

FERK, WEE, mblhy, & RIREEERERER T
X R BECRBIERK G SRR D] R 5 2 e TR
i, 2018, 35(4): 686-692.

WANG Longfei, CHANG Zechao, YANG Zhanbiao,
et al. Combined support technology of roadway under
mined gob of ultra-distance seams in deep mine[J].
Journal of Mining & Safety Engineering, 2018, 35(4):
686-692.

B, ST, RV, LA ER TR L
R T AR TE A BT T [T]. MR 23 (1) 5 TR A4, 2019,
15(1):194-201.

ZHAO Xiangzhuo, GAO Zhaoyu, WU Tao, et al. Study
on roadway layout of the ascending mining panels in
closed distance coal seams[J]. Chinese Journal of
Underground Space and Engineering, 2019, 15(1) :
194-201.

TSR R HOE SR AT T S R B TE AT B R ST
FLID]. Abat: s EE LR (b)), 2013.

FAN Wensheng. Research on the stagger arrangement
roadway layout system in soft rock under the conditions
of high stress[D]. Beijing: China University of Mining
and Technology-Beijing, 2013.

FBAE, 5K 5, P8 SORE. T BE R R AT IS AT T R A
R A AR ], RIE K224 (B RR RO,
2023, 44(1): 100-109.

WANG Hongbo, ZHANG Yong, PANG Yihui. Rational
layout of roadway for downward cross-pillar mining in
close distance coal seams[J]. Journal of Northeastern
University(Natural Science), 2023, 44(1): 100-109.
L, &, VEIERE, . 25 8 AR I A R AL
LR Az AR A S A A [T]. B B R
2023, 51(3):52-60.

LYU Kai, HE Fulian, XU Xuhui, et al. Layout of
roadway under goaf based on scale effect of mining
upper coal pillar[J]. Coal
Technology, 2023, 51(3): 52-60.

3. W BE BRI T AR (8] R 7 XS BOR SR
R, 5 TRE, 2024, 56(3):51-56.

Cross Science and


https://doi.org/10.3969/j.issn.1000-1964.2022.4.zgkydxxb202204001
https://doi.org/10.3969/j.issn.1000-1964.2022.4.zgkydxxb202204001
https://doi.org/10.3969/j.issn.1000-1964.2022.4.zgkydxxb202204001
http://kns.cnki.net/kcms/detail/11.2402.td.20240509.1326.002.html
http://kns.cnki.net/kcms/detail/11.2402.td.20240509.1326.002.html
http://kns.cnki.net/kcms/detail/11.2402.td.20240509.1326.002.html
http://kns.cnki.net/kcms/detail/11.2402.td.20240509.1326.002.html
http://kns.cnki.net/kcms/detail/11.2402.td.20240509.1326.002.html

2024 £ % 9

RAFSF: AR ERTR TEKX DA SE L TR

¢« 97 »

(11]

(12]

(13]

(14]

(15]

(16]

MA Li. Zoning support technology for entries under
contiguous coal seams and its application[J]. Coal
Engineering, 2024, 56(3): 51-56.

gk A A ER R AR 2 A A A B T 5 A
HIEARBETC[I]. HHRRFEHA, 2021, 49(8): 88-95.
ZHANG Baoyou. Study on layout of staggered roadway
and surrounding rock control technology for ultra
contiguous coal seams[J]. Coal Science and
Technology, 2021, 49(8): 88-95.

WOCHE, LA, T, 55 R R E R E R
J 2 B AL B K BT i HR W 5T (0], MR B 2 R
2017, 45(8): 74-79.

DAI Wenxiang, KONG Linghai, ZHANG Ningbo, et al.
Research on strong strata behaviours mechanism and
prevention technology of heading roadway in extra-thick
coal seam[J]. Coal Science and Technology, 2017,
45(8):74-79.

WOCKE, W DR, 0, S T BE B R R R ) AR TE A
BH AP BRI, R B HOR, 2020, 48(12):
61-67.

DAI Wenxiang, PAN Weidong, LI Meng, et al. Study
on layout and support technology of strongly disturbed
roadway in contiguous coal seam[J]. Coal Science and
Technology, 2020, 48(12): 61-67.

AR, XK, ST IR B R REIT R AL 2 [ R
T A AT B R T ). R HR, 2023, 42(8):
75-78.

ZHENG Junlin, LIU Shui, DENG Qin. Research on
reasonable layout of mining roadway in lower coal seam
in close distance coal seam group [J]. Coal Technology,
2023, 42(8):75-78.

TRAS, PN, A7 SC, S5 SR BE I TR SRR g o A
B K A5 8 A 5 W 7T [J/OL]. Bk B Bk« 1-13
[2024-06-20].  http://kns.cnki.net/kcms/detail/11.2402.
TD.20240315.1112.001.html.

ZHANG lie, SUN lJianping, HE Yifeng, et al. Study on
floor stress distribution law and roadway layout of close
seams[J/OL]. Coal
Technology:  1-13[2024-06-20].  http://kns.cnki.net/
kems/detail/11.2402.TD.20240315.1112.001.html.
T, mdn, i, & OREREE LT R EE
MACAT B2 E R BRI 2 Hr (T]. v [ 22 4 7
FHFEHA, 2020, 16(3): 61-67.

distance coal Science and

(17]

(18]

[19]

[20]

(21]

WANG Zhigiang, GAO Jianxun, WU Chao, et al.
Testing analysis on optimized layout of ascending
mining roadway and effect of coal seam pressure relief
in close distance coal seam[J]. Journal of Safety Science
and Technology, 2020, 16(3): 61-67.

FER, FAE, SR, R R R R AL S
AR TE A B A AR TE & SO ROR 1], R 4R,
2020, 45(2): 542-555.

WANG Zhigiang, GUO Lei, SU Zehua, et al. Layout
and combined support technology of alternate exterior
stagger arrang- ement roadway and adjacent roadways in
inclined and medium-thick coal seam[J]. Journal of
China Coal Society, 2020, 45(2): 542-555.

XU, B T, ENb. TR R E N AL R R T P S
A1 B Ny oy A AR BT AT L)L R R T S O A
2022, 42(12): 63-69.

LIU Chao, ZHAO Guozhen, WANG Shuai. Study on
the internal and external staggered arrangement of
roadway in lower coal seam and stress distribution law in
close-distance coal seam[J]. Mining Research and
Development, 2022, 42(12): 63-69.

Xk, s, B TR, & TR R AT RBIR A
Yoy AR S A BAL BT (0], R B EOR,
2024, 52(5): 1-10.

LIU Hongtao, HAN Zhou, HAN Zijun, et al. Research
on the distribution law of downward mining stress field
in close-distance coal seam and reasonable location of
the roadway[J]. Coal Science and Technology, 2024,
52(5): 1-10.

X, BTR, B, & B R3)T EEpIRIX AR
B o1y LB S A TE AR E 1 [T]. R 5 Z e TR
%, 2024, 41(3): 522-532.

LIU Hongtao, HAN Zijun, HAN Zhou,

Mechanism of non-uniform expansion and stability

et al
control in surrounding rock failure zone due to
superimposed mining[J]. Journal of Mining & Safety
Engineering, 2024, 41(3): 522-532.

By, AL R LR S R R M.
RN A AL H A, 2010.

QIAN Minggao, SHI Pingwu, XU Jialin. Mine pressure
and strata control[M]. Xuzhou: China University of
Mining and Technology Press, 2010.


http://kns.cnki.net/kcms/detail/11.2402.TD.20240315.1112.001.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240315.1112.001.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240315.1112.001.html
http://kns.cnki.net/kcms/detail/11.2402.TD.20240315.1112.001.html
https://doi.org/10.12438/cst.2022&ndash;1554
https://doi.org/10.12438/cst.2022&ndash;1554

	0 引言
	1 工程背景
	2 下煤层巷道合理位置理论分析
	3 采空区下综放工作面巷道合理位置分析
	3.1 数值模型建立
	3.2 模拟方案
	3.3 模拟结果分析

	4 工程实践应用效果
	4.1 围岩破坏范围实测分析
	4.2 围岩变形实测分析

	5 结论
	参考文献

