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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
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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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active support at the lower end
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Fig. 8 Displacement field for coal drawing at different dip angles at the lower end

PRUHE AT A T AR ) O, T AR
VTR /1N 77 A (6 R PR RE e A e B 7R 2 it
S BT AR Sk AR AR B 5 T A I iy
IR, FI50 A8 1 SRS RS 2501 T A
THTES 8° 1 17°MUA T AT, AR A HE N B EUE
RERARANIAE TR, fOH AP 2o O B A T
RAANRE , HEREUA AT RE R SO TAR IR T i
S RS WA e PR 2 11 5 B I S8, AT
SO IR R BRSO E IR

R AR S BRI T 7 A e 2 T, R A ]
FHE AR S PR s Tz sl A A%, S U
FARIREH RN, (1 AT E Ry SRS R
Fa e WA AR AIB Bl B 25 | K R a3t DIt il
AR BN iR o PRI, TR R T AT
ey G R SR ) CEEESTE A B AN

(2) E¥sko XA A TAR Lk 2t AT
TR, ORI RS A 25 R IR 9 Fzn o AR 1A
T L 3 Sk 7 v R RS AOR  R B 2 A

AL EAERS '

2.0000E+00 |

I 1.8000E+00 |
1.6000E+00

1.4000E+00 '

1.2000E+00 |
1.0000E+00

8.0000E-01 |

6.0000E-01 |
4.0000E-01

2.0000E-01 '

0.0000E+00 |

|

|

|

|

|

|

|

|

|

A 25° Buk AR IBORAS |

B9 AERA LR EAES

Fig. 9

Displacement field for coal drawing at different dip angles at the upper end



o

1 TG A5 Sk AR DX Sl T L A 1k A BB 5 891

AFIFEEERAZS AR 2 AN B 7 FELAHE e 1A
PER RS TE , OR B MR 25° 8 T AR
T 17U A TR 8o AR T, AR i S48
TR AR, AN TR T AT 1 3 S 7 i SRR
T I A0 S She DX, AR B 2> B LS
W 2Z 18] B 23 [R)FE [ A 22 S A H B BUE A4, 5
sk R K ARANE RIS A I DR B2, 3k )
PARUEAIAL IR BUE R, BERUR A HEDE O
IS8k T AR ORE 11 2 ) A B A%
PRSI RE I R AU BRI, R R, X
FUAN [ iy AR 1 B ASUIE 67 5 B A BF 1) 1
25°fifA TAF T fe B, 170U TAR IR 2, 8° 1A
AT BRI 3 0 HE AR B O F1 22 ] A A
AR Jim A BT R R, 8 M Af A i e bR, 1745y
TARHIRZ , 2500 T AR 5t

PRI, AR T O X i Sk 2R AR HE A R Bl
HATBRPZ A, AT R 6~ 11 4S8
N B T TR MK TR M 22 7
C, VR HT SR S AR M A S EAR DG . ST
JEUP, RTRE S AR TG A B R, b g Sk SR AR 52
SRR A 5, LAk, BB AR O T
Jr RO S R EE A T 2 T BURBHE S UK M 2
(] A (6 B e M BN R E A v
JEEABAM 1) 249 SROAE FH RO AR T R AR ) B3 i A7
ZEST, BUE S 80 UM A T A bR, 25° 15U A AR
Vi et o AR AR Sk, AN FRMBUA A L
AL PR R R B B 2R A AR REEERA Sl
Wi LSk A A AT TR PR SRR S R R B
FAAEIRAS IR, | DR A At ol 3 1 3 Sk AT
o735 B SR AR T N P 538k, AR I gk A
S SUR P B R IARZR A C AINECIE S i Xy
TRCRE AR I 3 B2 B AR L Sk A9 R AR =
2.2.3 A E AR M AR H R T E AT

PR BRI R SR B i 7, AL
RIUREHURERE N W sh B2l &, N, 7 20
P e i 6k, 3 AR SR B A S
[t b i 4 1) B R B A 5 0 2 0
JIAT AV E AL B SR
FERA A3 05 200 AR SR N ) R 4 SRy iR T 4
UCHR SRS 5 3 AR

F>F, )%
F=F >0.5F, WKikfsE (7)
0.5F=F >0, 53k

R, F O IURLIE A 7, N5 F R F ¥ 1, N

3 i B S ST R 2 5 ) EEAE Y (R -
A2) FREE TS TR ORI R, SRR B R B 3
SRR IR 58 7 BEWTRUR AR AR AR5 (e BT
IR A 8 i g e T 2R B, IR BV SR T BE
555 JIBESFCRN 5 ) BEAE SR B R 3, H R R
Sif SR, SR R R e AR A R4, BERE A AOE
JRE A ] 42 fth g 14 e b e | AR R BRBE ) R
4, LRI 8 A RFER AR E ) 3R I BEIRT R, BUA
PRIEII 3 A A A B, R VAR ) 42 fih g #1912 136088 1 150
W O AR BORERE el , B AR R AR A 5
@ wRIIHEE A, A AR FE A A A fid )
i 3E 58 4 TH K, AR R R BRE 1 AR 1E
KA BEA R T ER A T A AR
HAL 3R S

FERUERTR H R Fish 1 75 0 AS [RS8 BE 6
BEATIRE X 23, S Wi Sk o 7 b 1 e 72 1

(1) Tk, X TAR N bk oS 72 o
HES AT I T, A5 R A0 A 10 s 3 5 2R
BESSHUR |3 FBTA TAR R A AR AL T S 1
H R 5 ) SRR AR TR O B TR 5 2 5 A O
AR TR AT S RO AR, BARBIRAL &
T EESSHI S A A R A O (D UREE R |3
BT AR A T Y 7R B HE2H S 0 BE S AL P R SR ) i
YRE T3 T BT BLIRZS 5 1 SR ORES RS 3 A
i AR AR BB 45 T R A e ) 2 Ak
Tar I EEE MRS, o, 3 S AURRA S R
AHEALE T HESS F 5 0 B IR S R AP R
MR g 255U TAR T 17480 ff TAR 1 8° i ff T
e

PR, 75 AR T S Sk e e R, 3 5 Ak
BEASHUR  REAE NS R ) e 5 R R HR
AL KA BEARENE RAF ;2 S 3OS S
TRERHE N BEA R 5 K LR RN Sl AR R ZBE T 55
b, BIEAAAE RIS ; 1 5 AR R | K it
LIRS R BOREBE T BB, TR
JE  REHUREBE S S BEN A R B R AR
SLRVRISE T S Sk R A e 5 i B2 A2 T A T A6 A4
SN, AR TSR AR B AR ) i B R o 7Rk
BURBRE ) MR, Bl v, iE 2, TAE
T U Sk AR AR BRE T 5 TAR A L8 IEAT G
(CILiE 2= S S R 27750 xSRI PO (T



892 5o R

FoE

| B

YRS BE

B 10 AREEA TimkMENES

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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