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Influence of normal fault fracture zone on mining response
based on interface element

CAO Xu', CHANG Yafeng'
(1. School of Civil Engineering and Architecture, Xi” an University of Technology, Xi’ an 710048, China;
2. Shaanxi Institute of Architecture Science Co., Ltd., Xi” an 710082, China)

Abstract: To capture the characteristics of faults accurately, considering a typical coal mine as an example, the
geological model of fault zone and fault plane is established by the numerical calculation method, and the influence
of thickness of fault fracture zone and fault plane on mining of coal mine working face under normal fault condition
is studied. The study shows that the smaller the stiffness of the fault plane is, the more time steps need to be
calculated for the model balance. Under given conditions for the thickness of the fault zone, the influence of the
fault plane gradually increases as the working face advances closer to the fault plane under the conditions of
different contact surface stiffness, the stress peak in front of the working face tends to rise with the increase of
interface parameters, and the stress peak is the highest when there is no interface, and the vertical displacement of
the working face roof increases gradually with the decrease of the interface stiffness. The stress in front of the
working face increases with the increase of the thickness of the fault zone under the same interface parameters. The

vertical displacement of the roof increases with the thickness of the fault zone. With the increase of the vertical
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distance from coal seam under different interface parameters, the displacement difference between the two sides of
the fault of the high strata is larger than that of the low strata, and the two separate plates is also larger in the high
strata. Under the condition of different fault zone thicknesses, the displacement difference between the two sides of
the fault increases with the advance of working face. The slip amount of the point with higher strata is larger than
that of the point with lower strata in a certain range of vertical distance. The slip amount on the two sides of the fault
increases with the increase of the thickness of fault. This study has certain guiding function for coal mining under
the influence of faults.

Key words: fault; fault fracture zone; interface; coal mining
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Fig.1 Overview of the study area
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Fig.3 Fault zone optimization model of interface element
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Fig.4 3D dimensions of the simulation model
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Table 1  Physical mechanics parameters of the rock strata used in simulation
FRZ TR A/ GPa BB/ GPa B/ (kg/m®) N F1/MPa RS/ (°)
FhitA 8.20 1.10 2500 1.80 30
Elib e 9.60 3.60 2500 2.50 31
b 23.00 15.20 2700 17.00 38
2 1.50 0.80 1420 1.10 25
A 16.50 7.80 2620 5.00 29
A 19.40 13.20 2700 12.80 40
A 13.10 4.20 2500 3.00 33
ki 0.03 0.07 2200 0.03 20
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Fig.5 Parameters verification of fault-slip

T T A AR ECT B9 5 m W27 52 AR | 25 fih W B2 AR 3 0,25k, I, 580 T A M BE AR, TC
LT IR LL 0.5k, A KIBERY T 5 kUi, P 6 DSty it 7=t B0 9 M 00 s o EL i AR 22 5
FEAb TR A SE AR AL, L 12k, S JCHE ik 1A R DCREA T2 el P R] 0 AETCH A T AT B0 a-a”,b-b"  c-¢' X
30 RN 2E LT %, Fﬁ%ﬁﬁﬂﬁﬂﬂf PRI/ )N , 2 Al T i 00 5 ) 2 R 28 T 484 R, X S AR AR R G -3
(9 a-a'Xof 5 AR HRAY b-b" c-c"1X 2 XTRIBINIREZE BN, i THRIEWTZ BB ZE A o’ b o' RIS EER T
ab.c =xi UUWIBNZ B E T —EREII R, BRI 20 S Al S 800 R B Wik 7 P, hiE
AT B AR Ak T T 38 0 AN BB K, A 78 S 3 55 F A 2R s/ N , T 2% i T Ik %) 1 A e 25 00/
BRI S 1 AU AR AR U T PIRAS TP KR I 1Y i RS A T %, T JR S5

18 100
16 F —a—a-a’ 98 ——
é 14 —o— b-b' 96
% 12 e cc! g 94
2 10 = 92
x
=8 X%
o 6 D 88
oy = 86
: o
oL 80
-10 123456738 910111213 0123456 738910111213
He i M ke F S I W K
6 HRETEHHHEEENAEEUEE E7 REFENSMHEASEXR
Fig.6 Vertical displacement difference of fault plane Fig.7 Relationship of model equilibrium
monitoring points when the model is balanced time step and fault plane parameters

4 FRS5H0

4.1 REEFTEETHEENINES T

TSR EWIZA RN 5 m AIE T RN R il T S5O RS E AT 2, TR R 0.5k, 6k, JCIBT
JZ AR T2 100 .50 .10 m BT LR S0 A AN & 8 Btz . b R0, 6 25 T4 1 9 AR Wt , T4 i oy
(RN S TR 2R 1 W 2 R 8, 2 T AR T RE T 5 m B 0 ) 4R P e 5 RS 8 T IE 2 09 4 i HLv S v
AR BEA BT RGN , B Koy 1 (A T AR T B9 3EE R T3 0, 100,50 .10 m I8 J7 WA 43 51K 26 .45 .50 MPa,
XF T4l S5 NIRRT DUE ) 2 TAERIHESE 100 m B, 0.5k, BTCHr 2 10 A1 6k, )2 1 5 46
BN 35 Ak, R 20 ~22 MPa BN 7, 2 TAR T HESE 2 Wr)2 50 m B )22 D6 T AR T8 A% 10 7 552 el 228 34 4
TR TAEM BRI, IEWHE T 38 B — R 7 X 38k, B S {EAE 5~ 10 MPa, 4 TAEHIHESE ZWiZE 5 m i,
AR T TOUAR RIRC AR H R T RRUER R g X3



186 woE T R 5 T OB Ok 3 55 44 3

TEFLNY S/ Pa TSI/ Pa TN 1/ Pa
-2.0 x 10° _ -2.0x10° 0
-6.0 x 10° ~15x%x107 _
L 05 10 x 7 1.0x10:
14 x 107 -25x10 2.0x%10
35x% 107
~1.8x 107 } -3.0x 107
2210 —4.5x10 ~40% 107
-2.6x 107 50107
(a) IEWIZEE100 m, 2l ERIE0.5k., (b) Eﬁsﬁfﬂﬁso m. FEALERIEO. 5k (c) IEWZHE10 m, &b iR EE0.5k..
EE jJ/lPa6 T H IV F1/ Pa T H NI/ Pa
s -5.0x 10° 0
—6 0x 10°
10X 107 -1.5x107 ~LOxaor
“14x107 -2.5x 107 -2.0x 107
-1.8x 107 —3.5% 107 -3.0x 107
22% 107 45% 107 -4.0% 107
2.6x 107 -5.0% 107
(d) IEWIZEE100 m ., $2%fh 1 K 6k (e) IEWHZIES0 m ., $2%fh 1 K B 6k (f) IEWIZEE10 m, $efilimi R B 6k..
T BN 1/ Pa T E N 1/ Pa T 1/ Pa
~2.0% 10° -5.0% 10° 0
-6.0x 10° 15x 107 S -L0x 107
-1.0x 107 -2.0x% 107
~14x107 25107 -3.0x% 107
~1.8 % 107 -35x% 107 i
22%107 —45% 107 ~A0% 10
_26x107 -5.0x 107
(g) IEWFZBE100 m, Tl i (h) IFEWIZIES0 m, JCHEfh i (i) IEWTEEE10 m, o3

8 0.5k, .6k FNFLEEME T TIEEEERTZ 100.50.10 m REEEMN S
Fig. 8 Distribution of vertical stress when the working face is 100 m, 50 m and 10 m

away from the fault under 0.5k, .6k and no contact surface

[ 9 Sy A R4 i 10 250 F B9 TAE R E 2 612 70 .40 m RTI4TN R 2L A 18, HIE 9 (a) AT,
T AE RS ZEEWTZ 70 m B, TAERIET 7 B2 N A R ) 32 )25 ma /0y F T AR T2 602 2 35 T
FE FRER S TAERTT T 6.5 m Ab BN Jy WE(E , WE(E 5% B2 7F 38.39 MPa, I £ W7 )22 11 B 30T (1) 1 77 32 4% i
T SHCA —E W5, 2R IUAE , B i i S A0 BE K , W2 B A o g Rz A i s, £ 2 T2
T P AFAE 30872 B B B e W AR B — 2 R VE . i I 9 (b) T, 24 TAE mHfEERE W72 40 m
i, T2 X A T 5 RREAE PRI ) P 5 i 52 5 e B TRDREAE AR TR 7 7 m A R 3N J7 04, 0.5k 4514 R L
JIVEE 7 49.83 MPa, 10k, FITCHEfMTH 4514 T BN I 0E(E 5351 R 54.06 ,54.64 MPa, BFFEFRE , 28zl 4k
SN 2 kT DO 2 PO, 07 WA A | T M T i ) 1 ) WA (e o DT )22 1T BT ()R I 5 422 o T 1)
FER BN, R ) S0 TR LR BRI XN ) R A — e BRI 5848 A5 MPaZe2E % 25 MPa,

0.00F — 0.5k — ke 2k ——- 4k 0.00r — 0.5k. —— ke —— 2k
soof Ok — 8k 10k T ——dky o 6k —— 8k .
' i : -10.00} o 10k —T !
. -10.00f - e !
=¥ & |
= -1500f : = 2000} ; |
R 2000t e R | e
= L LA Z 3000 | AR
i@ -25.00f ; i : !
B _30.00} B _s0.00| | :
-35.001 ! :
L S A R R N A
190 200 210 220 230 240 250 260 270 280 190 200 210 220 230 240
A T 2 B (k) A T B (k)
(a) FEWKTZ70 m (b) HEWGZ240 m

9 AEEMESHTIIEEENEZ 70,40 m FHEFANNEEN 5 HE
Fig.9 Vertical stress distribution in coal pillar at 70 m and 40 m from fault under different interface parameters

B 10 AR ATE S50F TAEHEHEDEZIEWT2 70 40 m B2 TR R E . B IE 10(c) ATHT, M
J2 2 T AR, TR A3 B RS i ASKTIE A, W72 11 BRI B 02 88 32 TAE T TR R /N, TAE TN 32 P25



5§43 AW, A T S B 1Y TR R AT SR Sl S P A 187

TR A5 F% 72 BT 14 K, 0.5k, B2 e 17 2 85T AR 1 TOURS 199 67 % B d5e R, 3R 81 015 m, il 25 42 A e P ) 384 o, T Al
DAL/, TCHE T A RS fe . B 10(d) AT, 24 TAERIERTZ 35 m B, Bl T 1 1) 12 1%
WA E | TN A (57 B e R I A, [RIARE , 0.5k 32 Ak T 2 50 T A T T A9 47 % fe K, 3R 30,52 m, HAx 32 fh
WILBE SO OO RS 22 53/, T2 B I 52 TAR TR s, A — 284k, S B SE 8 K5 pal Ny a3
F T AR5 a0 RS et 220 W0 1 DK, U 2 1T RF 30 10 47 % ot 5 2 ik 1T 25 80000 18 5 -1, {IEL 348 Jon 19 s 88 2 T4 vl

TR S B /)N
0.02
0.00 ] I
= —0.02 -0.1
= -0.04 £ g0l
B 006 s 0.2 AR
008 & _03l W2
= 010 i :
= 0 g -0.4] \
-0.12 —— 0.5k, — 10k..
-0.14 -0.5¢ —~ks — T
—016 : —06 —'—6kes H
180 195 210 225 240 255 270 285 190200 210 200 230 240 230
AR 5 W 2 T (k) T 7 1 R fm
(a) HWTETO m (b) BRZ40 m

10 REEMESH T TEEEEZR 70,40 m FERTRK EETS
Fig. 10 Vertical displacement of coal seam roof when the working face is 70 m and 40 m from the fault

under different interface parameters

4.2 EIEEER TAREESEERZIS

ST A it 2 K /N TSI E B 0.5k XA [ BB 2 5 B2 S B HEA 530, W25 2 B 1 B A
NS5 791113 m, 11 W2 R 5.9 .13 m i, TARS IEWTZEE 70,40 .20 mif A3 ELN 1704
P AT R B A T AN BRI A g W= o e e e, T2 A 4 87 % A X T AR o 5 A L g 7 A R R
W] | 187 7 5 HR R T A T e 2P B ZR IR S T, T2 i O 2 U ol 0 1 ORI, b SRR X3, A
T 77— B g 1 IO g ey DX, A2 P ) S48 I 10 A AR G 7 S BT e B R 3, > AR
EBEZFEWURTE 70 m B, AT 9 m A1 13 m BRI, TARRATTT B0 WEEEE 5 m J2IE 25, T
T2 B A ) 7 3 AR AR DX Sl B 5 W 22 P 6 T a8 O it W J= T A 34 o, AR e i A, T
R IR 75 BRI 7 4 r X i/

T 1/Pa HFEH I S1/Pa T B )V F1/Pa
. p
-4.0 x 10° -5.0x%x 10°¢
RO L —1.0x 107 D
- : } ~15x 10
—1.2x 1()7 -2.0x 10 25x% 107
—_ 7
1.6x 10 -3.0x 10 35x107
—2.0x 107 A 0 1"
4% 107 —%0X -4.5x%x 107
28x107 -5.0x 107 55% 107
32x107 —63x10°
i -3.6 x 107 -7.5x 107
(a) WiZHE AR 70 m, (b) WiZHE TAETE 2540 m, (c) Wi TAEMEE 20 m,
W2 RS m W2 RS m W24 R AES m
e H I S1/Pa I H ) F1/Pa e H N J1/Pa
-2.0x 10° 0 4 K
—6.0 x 10° ~1.0x 107 —I.OX 107
~1.0x 107 205 107 - 2.0x 107
~14x 107 A
~1.8x 107 -3.0x 107 -3.0x
— 7
5567 AT 4.0 107
26x 107 ; -5.0x10
-5.0% 10 .
-3.0x 107 -6.0 x 10
34x10 ~7.0x 107
—3.8x 107

(d) WHZHE T fEEBE 70 m, (e) WTZEE T F TG540 m, (£) WFEEE T E T 8520 m,
W9 m WAL m W59 m



188 WwoE T B 5 T # # 3 44

e H N S1/Pa e H I S1/Pa I H W S1/Pa
-20x10° S 1 L
—-6. o -1. 107
60><107 ~1.0x 107 0 x
-1.0x 10 5 0% 107 -2.0x 107
_ 7 -20x
1.4x 10 30x 107
~1.8x 107 | —3.0x 107 .
o ~4.0% 10
22x107 aox1g B
2.6 x 107 -5.0x 107
e 7
3.0% 107 2% 10 ~6.0% 107
-3.4x107 -7.0x 107
| . -3.8x 107 / y Y
(g) WiEME LB 270 m, (h) Wr2HE CAETE 2540 m, (i) WiEHE AT 2520 m,

W2 R 13 m W27 R B 13 m W2 R 13 m
11 EE59.13 m TILE@MERE 70.40.20 m B EEN

Fig. 11 Vertical stress when the thickness is 5 m, 9 m and 13 m, the working face is 70 m, 40 m and 20 m away from the fault
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Fig. 12 The vertical stress in the coal seam and the displacement of the coal seam roof when

the working face is 40 m and 20 m away from the fault under different thicknesses
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Fig. 13 Displacement of fault monitoring points under different interface parameters in working face mining process
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Fig. 14  Displacement of fault monitoring points under different fault zone thicknesses in working face mining process
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