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Numerical simulation on the stability of roadway surrounding
rock in the end coal drawing area

GAO Peng'®, ZHAO Zhining">, DU Houlin’, PAN Weidong'*,ZHA Dashun"’

1. School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China;
2. Engineering Research Center of Green and Intelligent Mining for Thick Coal Seam, Ministry of Education,
China University of Mining and Technology-Beijing, Beijing 100083 , China;
3. Xin’an Coal Industry Co. ,Ltd. ,Zaozhuang Mining Group, Jining Shandong 277642, China
Abstract; To address the significant of top coal loss due to the absence of coal drawing at the end of
fully mechanized top-coal caving faces, this study established a two-dimensional numerical model with
the Yuandian No. 1 Mine of Huaibei Mining Group as an example for analysis. Specifically, we ana-
lyzed the dynamic variations and characteristics of the displacement field and force chain field of the
coal-rock mass during the end coal drawing process. We proposed methods for safe coal drawing section
division and precise coal drawing schemes. Additionally, we put forward a support modification scheme
in response to the insufficient existing coal drawing space at the end. Results show that; (DThe active

support of the anchor (cable) in the roadway fails successively before the formal coal drawing at the
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end area, due to the influence of the coal drawing in the middle of the working face. However, there
are temporal and spatial differences in the failure of the active support effect of the anchor (cable) at
the upper and lower end roadways. @ The flow of the coal-rock mass demonstrate significant differ-
ences in at the upper and lower ends of the working face during the end coal drawing process. The coal-
rock mass in the bearing structure around the lower end roadway gradually loosens with the increase in
the number of transition supports, leading to a gradual weakening of bearing capacity. The coal-rock
mass in the bearing structure around the upper end roadway experiences advanced loosening due to the
influence of coal drawing in the middle of the working face, with the advanced influence distance being
proportional to the dip angle of the working face. The coal-rock mass within the advanced influence
range will also gradually loosen and eventually penetrate. 3)The sectional range of the end coal drawing
area has a significant impact on the bearing capacity of the surrounding roadway structure. To maintain
the stability of the bearing structure, the end coal drawing scheme for the working face can be set as:
overall partitioning at the lower end and segmented partitioning within the support at the upper end.

Key words:end coal drawing; temporal and spatial differences; flow characteristics; coal drawing sec-

tion; support modification
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Fig. 1 Schematic of Protodyakonov’s equilibrium arch

TR IE AR RRE A RPN 5 T 1)
AR AT, ARTIEHERE RN

p. =vh

B
h="

S (1)
B=b+ hotan(45° - %)

b, p, AR TE TR 0] 5 1, MPa;y iy Bl A 2
HLKN/m® 3 f S I L I [ 2R R

¥ % iR 9%
e 2=yl
f = 5 A
1 1 25 1o L
f = (E ~ g) R, BHHA (2)
f =~ tang,  FAEREFREH RE B A A
f =~ tang + R— B E e+

X R, N BB BRI R R MPas e NS
B3R 71, MPa,

(1) N (2) W18 AR & A =
8.08 m, RIS F AT (2R BEARHL AL T H 4R - f 44t
DI, H B R SR | R B VR AR AL,
SRIMT , 7E [ SRV 1L PR BBOBE 2 A B R Ty, i T
() Aty J&] B 5 PR B BE RN AT SR K e, E sl 2
PHERIFEA S IR, HAAEHE B R A R e B AT
() TR SR T, S e A S 0 B
YRGB I R — AR R R 2 40, R 7Rt 7K
FHUIY B AR 5T 2 PR R ARt 70 AR
Bl SAPRON B A B Bl ST RS L T 2
T REA R IR R AL A s AR T

FETBE IR — P U D), R 1 AR B 82 B T4
VILIE 2]

T =p, tang (3)
X, p, NERIENE RN ), MPa,,

AR EA R EAEH | & PO A% BT Y
BRI F, U RA A E G(E 2) it A
XK

F,=Fu (4)
K Fy LT A T2 M m 2997 ,1=1,2,3,N;
o A HETTUR £ [1] A5 0 B 4 R 4

B2 AHEHREE

Fig.2 Schematic of pressure arch



o

55 9 L MO X R 1 e S A 887

B TRUREAS T B, AT (3% oK o 2 1R 23 5
RAERNEN, FEEFT () 19 E3h P EH R
FEAS TE R B0 S BRI L T R A S A R
YERF , AR EHEHE I A iy I R b 3l 5 b F 5 %
WEAIRES BA7RERE T . R YRt HE I b i
B RSB WA T WA T ME LR 32 A B, 7R3
HEA 2 R AEWOR AR B R LR RE T, R, 7R
A7 S R B ZEAR IR AR 18 ) &2 42 B SE TR i DR R 2k
BEAYFRE . AREHLIE B R FE R AT 4P 0y B
YERTERIZ N, AT RR

h, = oBL (5)
K, by, AREHE G, my o AREHES B IE R
B, 0<a<] A 2/3;8 W ER R, 1<B<1/a,
B 115 L RS FF B S B B, m, 538 TPl
WoH1.8~2.2 m'" ABIFGAF] 2.5 m, MG
EBERKE | L=1.9 m,
Ha(5) AT b, =1.40 m,

2 BEREAEREGEHRERLABREUS T

2.1 HEEBEST

GEAWURE A TR A T AR T ity Sk 50 S 56 2R
PFC A BB AR, PR o Sk DX TOURRE K 1 422 Tt
FETICH B B O 2 S P TR AR T LA TOUARE K% L
LTSN AR S T AR BN B B R ok
O WIS 0, 78 i Sk OB, T AR 1
b RSk B BT, AN S A B PR T
X AR b Sk DX sl o0 S e S AR g Sk i
AF A G 2 A D AR Hh Rl AR S,
rh ] 4R s ) TR 5 4 0 IS, PN A 1 e
ARG TR @ WAF T, AR T ik A
B3 QAR 7 B A S 15~ 10 5
0 Sk 3 ARt VAR 17 ZE P A AR G
89 Z ~108 54, Hrh 15 3 5S40 TAEM T i
S VESR, 106 5108 5 2 S T AR L v Sk i
R,

FRIE AR 8 S R g S AR SS &
JEEFE (R ) AE AR b AR UK ™ AR BR e ik
S T 3 A A8 BEL RV, R AR B8 S Bt AT
[ HEFE R A Geometry RSt il 71 5 71 4 FH 647 46
B, WK 10 100 kN, R TP A FE (R) 9
SRR me, 3538 A4S B AR R T IR
RSt 25 2R 1y~ AR TE A2 2P 4 i R A R T
GRS BTG5 R 1 ~ L s BB SR Fish 155 4
B wall BATTASALIZAN , G0l 3 iR, SERSAG I 4 A~
HORERE R YT () R R & A IR, 30

B3 EEFrEE
Fig.3 Schematic of equivalent bolts

TF U

1
BT R

AL

EXIBERES

B4 SoEiEE g

Fig. 4 Procedure of real-time monitoring

BRI IR RS AL S 82 I 2 ekt 2 81 M2
BT AT 2 6 76, WK 5 fis, Jehf
EA 81 MR R E T 4.78 m, B TR E
1. 84 m, FEARTIERE 7 m, AEIEBI R Bk 5
S BRAN I THURE B A 22 ] (10 47 4% 2 S K% T A4 B B
WURELH 2% M EE EAREREIURRAR (R 1),
MRl T AR T A ) B 2 5 U R A ) B S
B, 8 AR B A bR S IR E T UKL AE
WADRSELCT Wiz h AT 5 2 WA AW & W



838 o B

¥ 5 IR 9%

F2, Hob BHB R Fish 55 KRR (6)
B DMRIESS R0 S R R b 7 R M N S e 2R R K
(RS S BRI S 2 P e i, B
367.72 kPa,

P =§l (6)
Xf P o B RIZGT, kPasg T IR, m/s?;
h b AR AR B

B 5 #MHEITER

Fig. 5 Schematic of the initial model

x1 FHFE

Table 1 Particle radius

HIRBTR HEH/m Wik X/m TAEEHH/m
B 0.25~0.40 0.25~0.40 0.25~0.40
FEAR TR 0.25~0.40 0.25~0.40 0.25~0.40
BT 0.30~0.35 0.25~0. 30 0.15~0.20
81 M2 0.20~0.25 0.15~0.20 0.10~0.15
Jetit ) 0.16~0.20 0.14~0.18 0.12~0.16
82 I 2 0.20~0.25 0.15~0.20 0.10~0. 15

x2 BHREGKHYMIENFSH
Table 2 Physical and mechanical parameters of
modelled coal rock bodies

R/ LRI, IR,

FRAR ™) (ON-w) (GN-w) R
BUHZ p 0.4 0.4 0.4
FEARTH 2550 0.4 0.4 0.4
BT 2 030 0.3 0.3 0.3
81 JHZ 1 500 0.2 0.2 0.1
Jett ) 2 030 0.3 0.3 0.3
82 M2 1 500 0.2 0.2 0.1
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Fig. 10 Force chain field for coal drawing at different dip angles at the lower end
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Fig. 12 Force chain field for coal drawing at different dip angles at the upper end
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