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Numerical simulation on top-coal arching mechanism

BAI Qingsheng, TU Shihao, WANG Chen

(School of Mines, Key Laboratory of Deep Coal Resource Mining, Ministry of Education of China,
China University of Mining & Technology, Xuzhou, Jiangsu 221116, China)

Abstract By analyzing the broken, caving characteristics and motion criterion of top coal and imme-
diate roof behind the shield, the discrete element numerical simulation model for top coal was estab-
lished in this paper. Meanwhile, from the moving characteristics of coal-rock blocks and evolvement
rules of contact force, the top-coal arching mechanism behind shield was discussed. The kinematic
mechanism of top coal arching is that there exits a high-speed area of top coal above the coal draw-point,
and the moving speeds of coal-rock blocks on the two sides of high-speed area are smaller. The top coal
silts at both sides of the coal draw-point, and develops unstable contact force arching above the coal
draw-point, which can result in moving speed of top coal near the coal draw-point decreasing. When
large-scale top coal blocks in the higher level surge up to the coal draw-point, they can be easily
squeezed and form an arch in mining process. The mechanics mechanism of top coal arching is that the
drawing process of granular top coal can be seen as a formation and destruction process of the contact
force arch. When the upper contact pressure is greater than the frictional resistance formed by the arch-
ing extrusion blocks, the contact force arch may damage, otherwise the stable contact force arch appears,
and the coal draw-point may be jammed. Field measurements have verified the theoretical analysis.
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Fig.1 Arching of top coal behind the shield
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Fig.2 Schematic of numerical model
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Table 1 Physical-mechanical parameters
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Fig.3 Arching forms of coal and rocks
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Fig.4 Motion courses of coal and rocks behind the shield
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Fig.6 Distribution of top-coal velocity and motion direction

I A TR R, O I 1E B D5 T
BB R, SRR s Sk D, KR
e AETURHR A 2 U0, AT R B4
Je TP Al — R B AR BA RO 1, IE TR
TR BERTRIE A5 7= AL 5 e B T

it BLE Sy M ar g, TR it 1 e sl 2 LB
H: AEBUR AL AN TS B X, P sk
PRIIE BN, KRR A TR A I ANy
SIS0 TR A E ST A O 1 M ke
SRR FERURE D BT RN E Al 3, i
JRBORE I B TSRO A oDy, OB IE By
(IR HRAREAA T [ TR VB, 25 5 7 AR5 T Bt
2.3 BERIERR IR L E

el T — AP TSR R L,
AP AT LI o A 00 P8 e 1) 925 1) 52 ) R 23 M T 11 4%
fik 3 3 AR o

BOR TG, B BB e AN,
KA VBRI AR A 2 8] 2 ik ) 37 th AN IR A AR A
e, AR BOR HAN R AE S, eIl



212 KW 5 24 TR AR

JSCHTHEBIAT TSR (RGeS HEI A SR X )
Pyt o TRz kA DA P 0 TR Ak ] 1) 4 ol
IR, il s o4, €, ERF Fis, Tk
Aot BB OB @A R i Ab TR )
e E 7T A T2 B R R R, PR
RIS, A, B AU e
BEPEAE TR D), IR KT R HE AR [H] AR B
= AR BRIy, Feful p HER IR T B, bR
HHUAT R i, ks T BRI D Fias. U
ik T DU MO 122 ik ) HE R AN BT B R AN W ik AR
ML FE, il s A~E Fiow, R S et bk
PO o 2 B ) /N A ] R TR
7 25 () R AR BEL T I, e S A T 1 T A (1) 42
fil 4, HAE EER O RO E— A R A, T
B/ INPURLIN 70 SR e 2 ) () 25 B, AT 2 T prg g
HAE ISR, HOKT BTy, N T HE AR
SENE, W S o F IR FRoE M SRR T3
TR N RERIS BRI T TR

MLE R T i Rl g B, RS2 KR
#ahn, wEAE 1 000 kKN BA L, WE s 4, C E
AF SR R ER R, Rk
i R, —REAE 500 kKN AR, 40 BRI D gk
JiRe SCRRBRE N Z I NREG AR, T T8
1 BT SR B A AN T f ol A R B P s A 7
T RS il HER, S AR R R 52 DA
Ak, mE g FEar iR, — 7R T TR
Bl HE LA RS e,y — i u B A
AT ) JBORE VRS 2, B ) 1K R 0 WA 1
i

I P E A3 BT g, IO R ) g AL
B TSR O 1 (s R, mT AR O B fd
HEIAWTE BRI W R I R . > BB Ak R )
KT AR ] R 455 i T ™= A 1R R BHL I, 4 fl
FIBPEBEIR, AT S SR sh i, & W ks
JE Il B, SE TR

3 PIHWMA R

IR R B, O 1 5 7 TR S Bl 5
A S O 000 TR ek, R T s e ) 2 T
PEHT BIEHOGE 11, 3 BSOSO 1 2 B T 4 K
K, WKl 7 s

TE B 1) 222 R WA, JopsE i 7 v
SEF ISR R R T T T ) 284k i 26 i) 8 Fro .

RO Ly
o E BT
RSk,
b4 S

(a) RIS 28 ORI (b) TR &5 R
K7 8O E BT TS E sl B R, R L TR iy 21
Fig.7 The top coal above the coal draw-point move quickly,
and the broken immediate roof arrive early
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Fig.8 Tail beam resistance curves with top coal caving
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