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Faults activation mechanism based on gradient-dependent plasticity
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Abstract ; Analyzed the strain softening and consequent strain localization behavior for fault based on gradient-depend-
ent plasticity. Regarded fault as continuous geological bodies with thickness. The gradient-dependent plasticity was in-
troduced into the fault model. The theoretical expression of fault band displacement in direction of fault azimuth was
presented,and ‘the equivalent shear stiffness of the fault band’ was defined. The displacement of fault hanging wall in
direction of fault azimuth was presented and ‘the equivalent shear stiffness of the fault hanging-foot-wall’ was defined
considering the stress conditions of element body in interface at the lower edge of fault hanging wall. The fault activa-
tion criterion was obtained according to comparing ‘the equivalent shear stiffness of the fault hanging-foot-wall” with
‘the equivalent shear stiffness of the fault band’ . The results show that fault activation is determined with the factors
which not only include the material properties(such as brittleness , the internal structure size of geo-materials in fault) ,
but also include fault hanging-foot-wall characteristic parameters( such as shear elastic modulus, Poisson’ s ratio) . Be-
sides ,fault activation is determined with the minimum width of the rock mass which include the integral fault. It is
found that the lower internal parameter or ‘the shear equivalent stiffness of fault hanging-foot-wall’ ,and the higher
brittleness of fault geo-materials or the minimum width of the rock mass which include the integral fault lead to in-
creasing the possibility of fault activation.
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Fig. 1  The constitutive relation between stress and strain
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Fig.2 The mechanical model of fault
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Fig. 3 The mechanical model of fault activation
3 W R LR IS AR S A L sz
(IBTYIN 77, MPa; o M ZEH 5 LT P AA AR HH |
YRR T, MPa,
XHFWZE B, M P& D F =0 K
Y F,=015.
oy = Pcos’a + kPsin’ (12)
7= (1 + k) Psin’« (13)
WrJZAEXT T T 8 Is Sl A ER, b
WrJZ AR T B AT ST, A SO AT b A X
23, W2 EACA R T A B & T ik



12 1 MR AR S  BL T 15 B M TS 1 T 2 1% AL LB 5% 2063

LN B EATTAR R 1 23 B il 4 i

(b)
K4 ERra SRS A BT AR T b

Fig. 4 Stress analysis of external and internal element body
K4 b o, IWZ ERCA R A R
i1 BAOT AT Z IER J7 . BCP#G 40 D F, =0 Alf
o, = kPcos’a + Psin’a (14)
2.4 WIEFEWFITE
W2 B ] B A X5 S 288 S, (m) AT 3k
RN

vz, 7=
Sl_fw/z‘ydy_\z-’- 3 }a) (15)
= (15) if5

dr A
— == 16
ds, ) (16)

ZS
dr _A

A = as, " (17)

A, W) PR SO Y T W7 270 “ BU sy Wi EE” (MN/
m’ ) A SRR A Wi 25 S By DI
FH ™ SCHH S A, B2 b R PR R AR S
JEAEFE bR BT AE 5 2 A 1) T 1) (5 4T A T
HL, N 2 1) Tz N JIE o (MPa) i
o =uP(1 + k) (18)
Hrb v I ECA AR R T 28, W2 8Tk
G VRTE TJZ 00T 1) 7 1) A R 1 A8 Sy
1

o= plo ~ve vo)]  (19)

W2 b T P PRI T2 05T ) 4 R 55 Sl o
%S,
5, = 2 (20)

COs &
LA, N B RERBIUINIE” (MN/m’) ,
W] 1 35 A R T G VR W J2 A ) BT 2 VI 0 5 1 e ik
T T J2 050 1) 9 157 S 7 5 A2
T =4,5, (21)
B (12) ~ (14),(18) ~ (20) FRARK (21) 7%
A RESEBT IR EE R

E(1 + k)sin’a cos a
B[ (k -v)cos’a + (1 — kv)sin’a —v*(1 + k) ]
(22)
T Z G AL AR b T B AT 2 AR
SYYIIE Bl ST R I A A 2l A A8 8 DT
B R A RS T B

2

A, < A, (23)
R A £ el [ A, D
E=2G(1 +v) (24)

K B Ry b R R R
A (17),(22), (24) LA (23) 1H TR 1k
FHE
A 2G(1 +v) (1 + k)sin*a cos a
®  B[(k-v)cos’a + (1 — kv)sin*a —v*(1 +k)]

(25)

>

4

2G(1 +v) (1 + k)sin’a cos a
[ (k-v)cos’a + (1 = kv)sin"a —v*(1 + k)]
(26)
PR Gy N BIYIAE - Sh st A 0 R G 1Y 5T 1)
WIBE 257 (MPa) , Ho 558 0 59 D) PR & JAAA L
WS A B L T T 9 A A TR AT G, DU T J= 0
HE P85

G, =

AB > G, (27)
3 it i

A(27) e SCHk [ 12-16 ] Frili iR AR R 50
() SR ARSI AR ] BRI Wi 2 0493 1 7T 48 (] T 55 1)
7 =l MRS A RS R AR R

m = (27) AT LLE 2, i A4 Re B 4y b AR 3 i 5
WrZTE IR AR G 2 R W72 3R b BT A 44
BN SEGEUIN B B A 5D N B2 N
B H ST A A A A A4 W 200 ) K BE T 5 2 B/ DR
SPRRC, W25 0 e, WA A R Y B D I 2
MU EARESE (BT D) i AL L) A
X, HLiA 72000 S 10 ) RS S R R e
PRt , A S it LY D) i A A A o RGeS E
) B J2 5 A YR e SRR [ 1,5,6,9 1 &5 2R I BER -
YHE DU ST A T A R DU A e S T 3

4 4 i
(1) RSO W Z 1 R B — 5 )5 B Y b o A
WiZH A LT B e R A R B Uy - A SR A A

ARG AR GAE W2 S DTN RE” R T 5 A
SERLBT UM EE” i Wy 2 R AR TR BL R W)=



2064 # 2

1’ 2012 455 37 &

FITE AL S By U)AHF — 17 P s A A RGN R RSN
)8
(2) JE T B PR BER A0 A T 2 1 T AL A
EPLS, R A M RIS W 2 TR AL IR AR G 2
RINXR, WIZMTE AL W7 20 o938 b ot (A b
BHMEM: NS B IR S5 W R A R EEE A
SY USRI AR LU S AL FE 2 e K B Y /N
J2RSEASE, W72 P b S R A Ak 1) PN R S 50N |
“HPYIH AN ARG W B IR Y i
ZIN BT 2 P IS e S A A Ak AR i | 0 5 DT 2 A 1) R Y
HE /N R R W25 A
Sk
(1] JieH, 8 ob AR KL L R [ M. 4R E S
2 AL 2004 :40-43.

Shi Longqing,Han Jin. Floor water-inrush mechanism and prediction

[M]. Xuzhou: China University of Mining and Technology Press,

2004 :40-43.
(2] EBE RRBRTEBE R 0T [ )], B4R, 2005,30
(3):319-321.

Wang Enying. Lithologic structure analysis in coal-seam fault forma-
tion[ J]. Journal of China Coal Society,2005,30(3) :319-321.

(3] FJ WL MANE 8 18, 55 R sh W2 IE 1k 4000 S 1 A0 %
TERAUBTIEL )] BT, 1998 ,23 (4) :396-400.
Yu Guangming, Xie Heping, Yang Lun, et al. Numerical simulation
of fractal effect induced by activation of fault after coal extraction
[J]. Journal of China Coal Society,1998,23(4) :396-400.

(4] SEFESC B, B A5 BT Z A AR SR I AH LR R
BHUBTSEL )], e 12 5 T R4, 2007 ,26 (S2) :4170-4175.
Wu Jiwen, Tong Hongshu, Tong Shijie, et al. Study of similar material
for simulation of mining effect of rock mass at fault zone[ J |. Chinese
Journal of Rock Mechanics and Engineering,2007,26 (S2) ;4170—
4175.

[5] Z9%, ETE AR, 5. 5T WK OCHZ e 3 W7 )= 25K
HLEAITL )] . RE 5% 4 T REA4,2009,26 (1) :87-90.
Li Qingfeng, Wang Weijun, Zhu Chuanqu, et al. Analysis of fault
water-inrush mechanism based on the principle of water resistant
key strata[ J]. Journal of Mining & Safety Engineering, 2009, 26
(1):87-90.

(6] Z=¥H, BT, 30K, 5. W2 RGBT a8
KW S [T]. A7 T3 5 TR 2741, 2010,29 (S1) : 3417 -
3424.
Li Qingfeng, Wang Weijun,Peng Wenqing, et al. Influence of activa-
tion fault after coal extraction on coal mine karst water inrush[ J].
Chinese Journal of Rock Mechanics and Engineering, 2010, 29
(S1) :3417-3424.

(71 ZEWRM, % [, BR . bR 454 TR 58 K Y W 248 JE 1 1L
AKBLEILI]. A £ TRRAAR,2002,24(6) :695-700.
Li Xiaozhao, Luo Guoyu, Chen Zhongsheng. The mechanism of de-
formation and water conduction of fault due to excavation in water in-

rush in underground engineering[ J]. Chinese Journal of Geotechni-

[10]

(11]

[13]

[14]

[15]

[16]

[17]

cal Engineering,2002,24(6) :695-700.
RS, TR, 2R BR AR W2 BT SRR S A R Y TR
BOE[)]. A T4, 2008,30(9) :1372-1375.
Zhao Haijun,Ma Fengshan, Li Guoqing, et al. Fault effect due to un-
derground excavation in hanging walls and footwalls of faults[ J].
Chinese Journal of Geotechnical Engineering,2008,30(9) :1372—
1375.
M2, R B R X T R )2 fb e = K M 43 BT
[J]. BEBe241,2011,36(7) :1177-1183.
Bu Wankui, Xu Hui. Analysis on reverse fault activation and water
inrush possibility for coal mining above confined aquifer in a mining
area[ J |. Journal of China Coal Society,2011,36(7) :1177-1183.
Ellen K,Ekkehard R, De Borst R. An anisotropic gradient damage
model for quasi-brittle materials[ J]. Comput. Methods Appl. En-
grg. ,2000,183:87-103.
Askes H, Pamin J. Dispersion analysis and element-free Galerkin
solutions of second and fourth order gradient enhanced damage
models[ J]. International Journal for Numerical Methods in Engi-
neering,2000,49 .811-832.
W— 1, BT, B, A SN S 1 a7 AT
NBFFEL )] TR, 1999 ,21(4) :472-474.
Pan Yishan, Xu Bingye , Wang Mingyang. The study of plastic strain
gradient and class Il behavior of rock [ J]. Chinese Journal of
Geotechnical Engineering,1999,21(4) :472-474.
FAEE W10 Je. FET O N AL B MBS A=
IRRAHRL ] 41 D12 5 T A2, 2004 ,23 (4) :588-591.
Wang Xuebin, Pan Yishan, Hai Long. Instability criterion of fault
rock burst based on gradient-dependent plasticity [ J ]. Chinese
Journal of Rock Mechanics and Engineering,2004,23 (4) .588 -
591.
FAE W — L0 AR JE T AR B EE 1 A R 5T DT
IRRFGHELT]. A4 J1% 5 TR, 2003 ,22(5) :747-750.
Wang Xuebin,Pan Yishan, Ren Weijie. Instability of shear failure
for rock specimen based on gradient-oriented plasticity[ J]. Chinese
Journal of Rock Mechanics and Engineering,2003,22 (5) .747 -
750.
A R T L S TR S MBI 1A R R BT R
SRR )] A 11 ,2003,24(S) :138-142.
Wang Xuebin, Zhang Zhihui, Pan Yishan. Unified formula for insta-
bility criterion under uniaxial tension direct shear and uniaxial com-
pression subjected to shear failure based on gradient-dependent
plasticity[ J]. Rock and Soil Mechanics,2003,24(S) :138-142.
EAr . T AR BB A R A AR SN I 4 0 U0 2 AR R 4
[J]. T# 1% ,2007 ,24(1) :153~161.
Wang Xuebin. Unstable criterion of rock specimen subjected to
shear failure in uniaxial compression based on energy principle
[J]. Engineering Mechanics,2007,24 (1) :153-161.
E W, D B YDA A BN AR (3R) 2 M S T RE
HEAEMI R AR )] T2 J12£,2003,20(2) :111-115.
Wang Xuebin, Pan Yishan, Ma Jin. Analysis of strain (or strain
rate) in the shear band and a criterion on instability based on the
energy criterion[ J ]. Engineering Mechanics,2003,20(2) . 111 -
115.





