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Abstract: Based on a hybrid continuum-discontinuum method where the Lagrangian element method
and the discrete element method are combined, a quasi-static model was proposed to simulate the long
mining process. The stress drop method was developed for dealing with the problem that the aggrega-
tion formed by discrete elements of the coal seam can still sustain loads above its own bearing capaci-
ty. A more accurate mechanical model was established based on the geological conditions of the 6303
working face in the 3rd Jining coal mine. In order to overcome stress concentration problems in the pre-
vious mechanical model caused by the fault slip restriction due to limited displacement at the base of
the model, an appropriate uniform stress was applied at the base of the fault hanging wall. The slip dis-

placement of the fault before mining was eliminated, and a calculation method for the slip displace-
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ment of the hanging wall caused by mining was proposed. The following results were found. When the
distance between the working face and the fault decreases, slip displacements of monitored nodes be-
low the coal seam exhibit a slow increase, followed by a slow decrease and a sharp increase; slip dis-
placements of the monitored nodes above the coal seam exhibit a slow increase, followed by a rapid in-
crease. There are few differences in slip displacements of the monitored nodes for the same strata.
Higher overburden strata will have obvious slip before lower overburden strata. The fault slip basically
develops from top to bottom, and the slip degree of higher overburden strata is greater than that of
lower overburden strata. When the distance between the working face and the fault is the same, if the
mining interval is small, slip displacements of the monitored nodes above the coal seam are small.
When the distance between the working face and the fault is less than or equal to 100 m, strata in the
vicinity of the goaf slips obviously so that the support should be strengthened.

Keywords: continuum -discontinuum method; mining in coal mines; fault; stress concentration; slip

displacement

51

[l

W7 J2 A g — b i UL A Ml R o, o R e 22 4 T
Fali ok TR KW, CA MR Ry 7ES
W7 J2= R 3 v AT OF SR T B A 5 5 T R L
G T A I S TR I R T A A B U R
FEWT I AT RS AR T R T RS R
PR R R R, W2 A M Y
XA I R B B B

FURT , BRSO 51 22 3R 1 3 25 05 15 0T e R gl 26 1F
RNCIDER GRS R RS R 0 A T N S /A
R BE A TR TE 5 T2 S ) | 2 RS
2 G o ) T g s M R B B R O
LAY b S I, T )2 X B AR B R AR AR
BT W R R TR R LT S e B X B
D WHRAE Dy R A AR 0 T IEW R T 8T R W
ELEWmafal XBERE W2 EAY RERE . (&
W R R IR R R SR S R R TIT R As
gy, A T2 P R A S e 2 5 R AR i, O 1l B
A R RS W2 A = 2 A R R A . &
L5075 18 TR 2197 o 1 A MR AR AE —
TR b AR ALY B AR S, A, P = 1]
4 T Bl (E e RUBE AU 5 A T 22 |32 2l AR 4R 2 [
MAHEAE . FEAREL IR A B KRB TE
EIPSSIE IR E S VIR EVNPA NS RN N2
TR —BBUR . BRT, C A — S gk % 4k
D7 AR IR 2Ty s B i 2 T vk R
LEITIE A A0S, AT b i AR A0 % 2 40 T ) AR i

S TR A AR 1 S Bt — AL . R B Y
R 37 Wt 2= R B RSE AUL AT 5 v 3 7 A5 R i T
il o e 2 SR el Ak 3 O TR RS
R 1 1) YA 0 T S ), X T 3 A R R A R
F14 97 T S 0 X £ T IR AR i SR A OB AN
A REIERL o SR, 7 3% LA R g i 2 14 SE A5
T A 817 32 W B8R AEBLRL T i i Ak LA
BBl PR H BN S R 3K 23 S R IR T Y R
T35, AT 22 25 W J2= 199 34 B i o 82 iy, e 2 A
H R RO AN 2 A IR 3k — [R] B € i o AR AR
SCHE& BB A F 7 & myhoss 99 H T 5 B #Oc i &
2R 2 75 1 b, J0 I LIS () B A AR e T R
TR R B R IR R R AR R RE K 2 i A
Ly R RE B9 B ), X 5 S BR N O M A —
225

Bt oF b ] B, AR SCHE RS B H T 5 8 TS
FIELL AR LL T A MRS L S I T MERE i R
SRR J Bk 9% 77 125, ASE =50 6303 A I 114 3t J5
S SR L T R B ) A AR (FE TR A
I S T 0 3 > A S R ) A 2 A A LA R
BTN T3 2 A0 vp B g B rp () L), Ol T BE 58k Bl 2%
PET W2 AW RS ML S 1 T 20k iy R 3 5 1R A4
JZ LB R ROk

1 EZE-FEEZEHFEREAN
1.1 [MX#ER

A TF R B A W H ot 5 B HOTHE & 1 281k

805



HESETT 1A AE DU AR R < N ) — D AR AR R AR
B o — PE AR A B A B

e N ) — R AR B, 1A DU i B 00 B R K
B2 =M TG EEOT A MR, St s
R BEOR T BT MR e A KOG R T
BAICHY R ST, BE TR A IC A B T

T8 TF 22 e v, 1) e R = 197 g 14 DU 0 B /R —
J2E A Y D) 3 330 S U A1 Jo 2 7 A A T SRR 2R

T 2 fish— B2 A B v SR 3 T 35 2 gk 1
S5 1 SR gk BT 22 ] 0 4 Ak

e iz BB, SR T H G 22 0 7 R Y E
JE ST AR

1.2 EHgEAOEKX

TEWER A ORGB SR — R B ki 72
B B9, FUIE SR PR AR A fe R 45 R ) R Eh 4yt
SRR X G SR B A G AR AR DL 9, A T T B DL
)5 B 3 A ) o, 3 R B8 8 DR /N B S AR T
SR, i 0 AT SR P R I )20 K A 8l 5
B R I A 20 AN TR, A= 1, LAY .
e, AT LA R S 2 i R AU o
B I AR R B S TR m B R RN

m

(a0

(1)

m'=

[vi) B ofi e g ot SRR X 4 R UL T s ¢

58 Jih B b B ST N g RN
g’:g(AZ)2 (2)

13 $IEHETRERYN OBERE

TEARSCITIE R, BOC IR 208 PR Y, A T 22
OB AAE BT AL o DN V2 5 5 04 B PR T n]
RE 2 RAETE — 8 RSN R RTR BT RE K
Zofad A B R ERE T B, X R S S ERA
FF o DI, B Xk 48 B 50 AR SCHR T AR T ) BR
5 e AN AR B 1Y B A BRI DT I PR o A
BT B IV I Ak T BROSE g bR s e BRI B R —
JE A DU IE 3% SO R B T i A (o, z,) s FT B
(o, 7)) MBETE B A (o), 7 ) WM B (7, ) mic Il
W 5 A B 5 A R AR U)o AR E T,
% Ax B 1 8 55 %0 4 N I8 3R B G C (o4 0,=0' 4
oy, RV g BR K ot PRI ASAE ), 00 43 Je I T 1 5 4% T
R T E o 7] — i Do 2t S, AT LA F)

806

I — Y !
c > + a 5

, o, +ao  (0,—0)
=" a 5 (3)
T, =a't,

A, o I Bk v A B BIVER A R [R5 0 4 R
Rl Z L.

B T IR TE

RGP AT E

ﬁé%@ﬂﬁ
(57T

BRARL I

PR B TR T AR MY I ) Bk
Fig.1 The stress drop for assemblies composed of discrete

elements

2 HEER SHEAR
21 HE#ER

MR SR [14] 09 M BT 2% 0 g 5 7 0 = 50T
6303 T AE 1 J1 24 A B (1] 2) o 315 4% 14 o0 S i 17
AR KA . HAREBT AR

(1) 7 1 E A AR R 2Oy, O H A BRI A o
AT 1 A7 R IE  y Bl B R IE

(2) % R T 2 b A L 43 591 8 57 W 2 R
T4 )2 . B X 300 m X 109 m, # )
43R 32 T334 Hon . R W R A 45°, 7k 25l 2
m. W2 MR R IT R EIE RoT, mK K R 2.5
m, HE & ICRHIE I, K1 m,

(3)FE W7 2 1= 45 W7 )2 B 0T A 22 400 05, A 40
) 5 ) e A ) 0 B R S S N LR R i R &2
RN

(DR THEAEZYE %8 (ERD, &S
YgWCH SCHR 14 ], BEHE 22 80 /o0 0.1 Jm R A 3 Bz B
Je R B 0.1 3% B2 filk W B 2R 80 K, 9 B0(E o 15
15 (0 BME RS B, 2007 R Pa/msa’} 0.25; A8 0 15 Ar
H5.421 7X10 °so SCHRL 14 1IF R 45 45 40 )2 1Y 58
PRETPLSR FE o0 38 3 IR — PR U 11530 1 4% 3 )=



i g5 122

=157 MPa

3 irJHH4HHH-{’)HHHHHHHHH

BLE  mhe

o4

i — b b —

hibs ) @PH

v

109 m

B gy BB — | BLE g
i — P
" v
s | S
by — awy Y WE
] v 74
%
o

BT 3L T me s BT i — £ %
¥ .d v —
i 7 s _— Bz
B _ =
. WIE D mE = TE BpE =
p=18.51 MPa
L 300 m L

K2 =89 6303 TR S 2718l
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Table 1 Physical and mechanical parameters of strata
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