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Immediate roof first fracture characteristics of suberect and
extremely thick coal
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Abstract ; The immediate roof fractures of suberect and extremely thick coal in Sub-Level Top-Coal Caving directly af-
fects the stability of the workface and roadway. According to the stress condition and the fracture characteristics of im-
mediate roof in Sub-Level Top-Coal Caving,a four-edges-clamped plate model was introduced to calculate the deflec-
tion of immediate roof before the first fracture. To verify the normal stress distribution of the four thin plate models,
FLAC™ software was used to perform the following tasks : simulating the mining process in the suberect and extremely
thick coal seam mining face ;undertaking an orthogonal numerical simulation experiment in three levels with different
depths, coal seam angles, lateral pressure coefficients and orientations of maximum horizontal principal stress ; transla-
ting the immediate roof stress of the corresponding nine simulation experiments into the suberect immediate roof normal
stress ;and using the above results to determine the distribution regularity of normal stress along the dip direction of the
roof under the circumstance of different advancing distances and different subsections. According to the simulation re-
sults , the normal stress distribution of the immediate roof is uniform. The Galerkin method was used to calculate the so-
lution of deflection equation under the effect of normal stress. The Hooke’ s law and the arc length theorem were used
to calculate tensile stress of immediate roof , and obtained the maximum tensile stress and corresponding position of im-
mediate roof before first fracture. Taking the maximum tensile stress strength criterion as the suberect immediate roof

fracture criterion, the first fracture span could be obtained.
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Table 1 Conditions of seam roof and floor

PR A /R JEEE/m FHERHE
FEATI WA 25.0 WA | b by
TR [z 2.0 B G YsE
HIEK s A 4.4 U A G YsTE
FEAE TR RS 28.0 R | Ay

P T L 42 TR B /KT 43 B e B 1 RS =2 LU
0. 121 ~0. 125, 1 J& Sk AR (1 S AR, DR ok
R FH UM TR B X 2 i st o0 Bl oA () 4 T )
U TR IE T 40 #7

2 REIREBEREEENNFER

2.1 EEIHEREFRIIERERFE

AT B AR Z R AP 70 B BUSET R, T
VRt 75 2 A R R -0 27 U S A TR, th
TR A5 AR T I 5 2 0 B, TR JZ e T T
BCE TRRIR ¥ v R SR as IX B 7 P U R 1Y 2



1222 # 2

F ® 2018 4F45 43 %

[i) , TR 2s IX FRIFRAIG 1 B T AR b7 5 )= 6 gl B
JEIZL TR R TR IR G, A R A
] LA O (RIS JZ [ A B AR ) 22 fb iR,
SRR TSR % () 9 B 482 T00 3k 1) 107 g A8 A6 0 R BH S 5 1T E
AR Tl R E [ T 1) L B T AR AR AN TR T
T 2 RS TE R X RS 1 < e Al Fn e e gk
2548 Bl TR a5 B ) i — 2D IR SR s X 45 A 3
P2 N 1= =5 | A W R 5 2 = T e A 7 M
BT RS BARRRAS FE W A A BN, R E &
SR T BE R IR AR R R VR KR Bh
A ELATOUA S22 10 o RS 728 Ak 15 4225 ) B 422 T
)2 P IRRE

I B REE TAE A RS h A 2 N 2 2
PRSI AL, PR B 2R 25 (AL 1Y) )25 ( L4 T
B ) MR TE X B 4%, i B F R 25 B 1 A
JZ (BEA TR LA S ) B SR8 =M X 7 B it R T
B SR s () e 1) 5 )23 J) L L T 3 8 Ak e . A
W, T TO0 A B o T 4 5 e R 37 RS T (9 7 R
B, SR T 7 AR R A T >k FR AR LA
WRAE SR T 2 A ok TR A 4 TR R Z A A Al
2.2 {miI&i*

S AR Y25 i a) A R AR A OIS T AT LA
BEACR VRSO 0 5 O T, — e i 8] 42 7 Xk
TTRA 2B T = MAPBURILAN 28 R o5 —Fh
FEF A AH B RE R

YL SRR AR N AR BRSO

1
W= ?(0'11311 T O0pey T 0385 TOpY t

TyYs + 03Ys) (1)
it#?,W%Jéi%ﬁ‘fi%@”{ﬁE%‘fE,an 302 ,033,0,
0,03 ﬂﬂmj};gn 1€, €33 ﬂf]ﬁi*ﬂ@f}f;’yn » Y235 Y31
HHEE R

Xof TR /N R S T B, AR AR AR I Y AR
BAFEIE ey, 65,85, , BN ASGER] DL FRIR Ky

1
U= ?mv(a'“g“ ¥ Opey)dndydy,  (2)
K, U PR AR RE
H 5P 32 DL o i AR T A AR ) 1 T AR
US|
( O w E (azl + v 32710\

EqW =" X% ——F,0 = — X
11 3 ax? 11 1 -2 Skaxf 3%%}
0w E (9w 0w
{8 ==X, — ,0, =— ——X — tv—F
22 3 ax§ 22 1 _ ‘U2 3Kax§ axfj
Y, =— & 0w :_Lx _w
" Toxon,” 7 1 +v o, ox,

(3)

P w RSP R T v AN L E S A
U RA(2) i, B S HIHERE w IR B

E mxz[@+@\2_

2(1 - )7 aa 93 )
[0*w Pw _(_0"w 7]
2(1 _U)Laxf axi \ox, 0x, ) deldxzdx3 (4)

2K (4) WHURRE h J7 [ BEAT R B R4S
_D [ oPw  Fw)’
v _ZJII%KaxT ’ axij
[0w o' _( &w 7]

b —v) JLaxf o2 \awax,) P00 (5)
2, F O e AR 1 R S TR 5 D Sy L AR 1Y
M, D=ER /12 (1-v") ;h SR,

XF T B E R A, BIVAE DY & i AL w =0
B, R (5) AT 5 2 TR O, PRkt i 32 e
& w =0 TR R AE e Ry
_D [P0 0w’
U—2jpjx3k8%T + ey dx, dx, (6)
R Z AT P (v, y) FEF, WIS T34 RE>

V=—ﬂP(x,y)wdxldx2 (7)

A, VIS AR B BRE; P (x,y) s AR i 52
KX (6) FI(T ) AH IR TT A5 348 ) 52 P07 B

(Pu, Pu)’

LoxT x5 )

ﬂp(x,y) wdzx, dx, (8)

b I g B AR S (S RE

X (8) ARERE IT HUBAEAY w HIERE WA S i 7]
RS, — BORULIXAE RGBS 2 5Kk i At 28
R FHAMAL 455325 43 3ot % b S b A ) 1 i [T S Al A
TSR fige S LA

FHAMAL 45 2R A AR 25l TR AU, P R AR B 5 w0
JitEA

dx,dx, -

H=U+V=§gx dx,dx, —

w = Z} Z}Am,lqol, (9)
i, @, SRyl SR B A2 L SR A R 1 R BOH B A,
FEEERR 2 (9) A — 5 AR T4 7 L 45 AL E
HRET I, i 43t EAR B, X = DAY, —P (x,y)
3T 4 R AR X 70 WA T T DU S R A o,
SRR 0, B

fﬁDNw = p(x,%,) Jpdwdv, =0 (10)



%5

K TR 245 T S AR R A TR R AR A 1223

oft A SRR T, A = v O
0x Jdy

2.3 EEUHEREEETEEHERE

FESRAR H S AFTEALEE I, 6 14 U9 U BT 2
Wi BT e 2 A1 T 1 He 2 B A
T B AR 1 2 b, S b R R
R I AT £ B2 4 A R o 1
BT G A P 224, 0 2

KPANEILE P S
Fig. 2 Four edges clamped plate model

K2 11 OL,LM ,ON , MN U3} 3% AR S 4]
PATRTA A 181 32, ey SR i 30 25k
(_ Jw

x=0,x=a,w=0,—=0
0x
3 5 (11)
w
y=0,y=b,w=0,—=0
\ dy

X, a BT R T 5 b D SR AR P et
KE.

AR DU & [ SR D B2 AR L vk e b
IR N

_ Z — ( ~ o Zme\( Zmﬂy\
G YD @ U

(12)

WAR TR T B A& (1) BB Rk

A 12)FRAZL(10) BE | KA ) DY ] 15 S7 A 7E 28 mr
BER P(x,y) VEFT 3B

@b (, 2max) 2n )
wziifoff(’“”kl e JU T T MY e 2wy ey
meln=l 3(a/m)* +2(a/m)*(b/n)* +3(b/n)* 47 Dm’n\ a )\ b )
(13)

3 EEBUXBE N5 HHEHE

3.1 E#EEENNBEREET

eSStk VU J 1] S AR TR F) 12 B T AR )i e o 3
MRS IE 1 N S ARS8 P (x,y) OB, SR T2
S Bk HR AR ME M 0 7K S S BRI TOURE 42 Tk 1) 17 A3 73

ARFAE , PRIHCKER T FLAC™ BB AL 7 B R 40K
V-3 B TRURETT SR 3k 2 i 9 4 TOU3% 1w 17 g A R
T, [R5 AR = LR 0 | R g o0 A 25 TR
R 23X B TOURE 3 A 3 R W, DR IR T TE 52 5%
TS IR 4 FHR 3 KPR i B T
VAR oA B IEAS IS BT I SR WAL 3,

R3 ETF L3 EXRBIZITAE

Table 3 Simulations of nine representative combinations,based on the orthogonal array L9 (3*)

A BW/m BRGSA/(0) MIERE BREM S SRZERRM/ () KE/m  SE/m  RE/m T WAL
1 100 65 1.00 0 277 200 120 553750 586 921
2 100 75 1.25 45 257 200 120 516 250 550 685
3 100 85 1.50 90 239 200 120 515000 549 155
4 300 65 1.50 45 277 200 120 553750 586 921
5 300 75 1.00 90 257 200 120 516 250 550 685
6 300 85 1.25 0 239 200 120 515000 549 155
7 500 65 1.25 90 277 200 120 553750 586921
8 500 75 1.50 0 257 200 120 516 250 550 685
9 500 85 1.00 45 239 200 120 515000 549 155
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Table 4 In-situ stress of field measurement case

Wit H%/m o/MPa o/MPa  o,/MPa o, /0,
FIREHK  86.0 2.15 5.15 3.31 1.56
WX 148.0 3.70 9. 86 5.05 1.95
MY 170.0 4.25 4.16 3.02 1.38
T 210.0 5.25 7.63 3.78 2.02
WPERAHI 220.0 5.50 7.58 4.27 1.78
W R 230.0 5.75 5.81 3.47 1.67
YSPETIBE 280.0 7.00 5.32 2.93 1.82
WPEBTE 284.0 7.10 8.20 4.86 1.69
A 290.0 7.25 10. 09 6.17 1. 64
WwHIE 3200 8. 00 6.56 3.16 2.08
PRI 322.0 8.05 9.85 5.36 1.84
BT JIZ0  367.5 9.25 18.03 10. 90 1.65
T 376.0 9. 40 18.92 9.67 1.96
WL 454.0 11.35 14.08 7.54 1.87
W 468.0 11.70 13. 15 7.10 1.85
YRR 482.0 12.05 14. 45 7.74 1.87
FHEB . 510.0 12.75 14. 06 7.15 1.97
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Fig. 3 Simulation model of three different inclination
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Table 5 Boundary condition of numerical model

RIS 2 T8 2 L#/MPa « i x1E/MPa  yfi  yIE/MPa

58 0.25 Rl 0.32 [ 0.18
iz 0.25 Eipred 0.40 & 5E 0.22
E) 0.25 I#i & 0.48 Iéil & 0.27
[ 5.25 [z 10.13 I 7 5.63
EiFd 5.25 I 6.75 B 3.75
[ 5.25 [ 8. 44 [ 7 4.69
[ 10.25 B 16.47 Iéil & 9.15
B 10.25 EE  19.77 BlE  10.98
[ 10.25 B 13.18 I#il 7.32
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Table 6 Primary mechanical parameters of coal or rock stratum

Ak JEEE h/m B p/ (kg - md) AR B/GPa BIVIMRE S/GPa NEEESM @/(°)  BiEJI C/MPa HLHLSEIE o /MPa
N 20 2 100 7.0 3.5 25 5.5 1.6
b BT A — 2 600 8.1 6.0 36 18.8 3.5
e 48 2 470 2.6 2.0 38 4.5 1.0
WA 24 2 450 8.1 6.0 36 18.8 3.5
TS 16 2430 10.9 6.9 31 39.5 5.1
Ea 8 2 600 4.9 3.7 30 27.2 6.1
beway 2 2 430 2.6 2.0 38 4.5 1.0
Wz 28 1330 1.2 0.8 28 4.2 0.9
ey 4 2 400 2.6 2.0 38 4.5 1.0
= 12 2 450 4.9 3.7 30 27.2 6.1
thRib s 16 2 650 10.9 6.9 31 39.5 5.1
W 24 2 500 8.1 6.0 36 18.8 3.5
itk e 48 2 500 12.5 9.4 35 35.6 3.5
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