, 23 9 (2002 9 )
Applied Mathemétics and Mechanics

:1000-0887 (2002) 09-0975-07
1 2
(1. , 110023; 2. , 030024)
( )
1)
, )
0342 A
[1]
Mohr- Goulomb ( ) ,
[2] ( ‘ ")
[3][4], [4]
[5]
2001-08-13; . 2002-06-18
(070091)
(19639, , , (Email :xinpushen @ya hoo. com) .
975

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



976

1
,utoou LW ,
P={pn p}T, w=u"-u ={wn Wi
Pn ) Pt ; Wh
(
1.1
1.1.1
w wP
w = w®+ wh
K p
wé = Klp
K :
NN
K = ,
0
Kn K
__E _ G
KI‘I_ ty Kt_ ty
E G
wP = WA |
\Y/ A
_dp
V—ap—N,
0] N
V:%LiN
p
(p'
w= K!p+\W.
p 1
® =N'p- Hh - Y<O,
H , Y
t (10) 1
A

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

(1

2

&)

(4)

©)

(6)

(7

(8)

9

(10)



977

1.1.2 :
1 , wW-p Wp-Pn
) Wi Pt Hn
,Ht ) Hn HI
G G
G = _JZI-X oWne, Xo =- Hwne, (11) Pn‘
w, COoD .
nc (COD) B <o
(11)
6/
Wn < Wpe) ,
Hy = " (12) 0 o »
Wp 2 W) -
_CO_ A
W < W)
H =| 2G (13)
W = W) , !
W[C C(]D
( YA A2 A . Ay
Az Aj (
)
1.1.3
, (10 Y
}\,(I = 1,3) Y
2 ,
Y Y1 Yo 2,
__— G
Yr =Xo, Y2 = J1+—L12 (14
M =tan ¢ .
2 , Y1 X =Xo M1
A, 1,
YiA) = YD+ HA1 = Xo+ HA v (15)
Y2 2 OA , 2 ) Y2
Y>A) = Y2+ cA)cosd+X A)sn® =

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved



978

Co Hi Ao +A3) U HA 4

+ + .
J1+p? »/1+u2 h/1+p2

(16) Ao Ag
1 2 ,
Yz

: (15) :

YiA) = W3+ Hz\l"'xc_gHtO\l‘*‘)\Z) =

Xo + HA\1+XC_OOHt()\1+7\2)' (17)
(16) (17)
1.1.4
Mohr- Goulomb

p ’
1.1.2

M H He H:

MH  H H;
( ) ;
A1 Az Ajg]

>
1

<
1

[Xo € o]

H 1CO!X0!Gf 1Gf ,Hn,Ht'
1.1.5

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

(16)

(10) -
(10)

(18)

(19)

(20)

(21)

(22)

(23)

(24)



979

[2] [6]

{(u DT %R) >0,
V2:

Carol- Prat-Lopez!?!

(VIO I Y2A) <0)- =
V3 (25)
1.2
: (
, , (12) (25)
@ = N(p"+Ap) - HA+AN) - Y° <O, (26)
) , , (26)
‘ s . (2 @
Aw =Aw® +AwP, (27)
Aw® = KA p, (28)
AwP = VAX. (29)
p,,g,,ﬁ/MPa
100.00—
—@—wp,
Po/MPa -
2.00-
0.00 ‘ ‘“’t/mm‘
0.00 0.40 0.80
0.00—4—ba woseesin/mm —E—ucPs
0.00 0.20 0.40 ~100.00—
3 4
Ap= KAw-Aw’) = KAw- VAN). (30)
(26) :
® = N'(W2+Aw) - (H+ N'kv) A°+AN) - Y2 <0 (31)
, (3) o (29) A, ' '
-@ =20, AN 20, -@T-AN =0 (32)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



980

pi/MPa
w,/mm
—=— PnP: === Wyt
C
2 B
2 A
, (32)
; 0 Pn/MPa w,,/mm
( ) -
: 5
Ky = K = 200 MPa/ mm; ¢ = arc tan(0.9) ,
M =0.9; X0 =2.8MPa; cg = 7.0 MPa;
G =0.1Nmm; G = 1.0N/ mm
) . 3
I ano!Wt: W([)C(t)! C(t)
Wl 4
] Wn = 0 ’ H
5
ocC , OAB : ,
( A B ); B ) )
3
[ ]

[1] Goodman R E, Taylor RL, Brekke TL. A model for the mechanics of jointed rock[J]. Proc ASCE,
1968 ,94(SM3) :637 —659.

[2] Card I, Prat P C, Lopez C M. Normal/ shear cracking model : application to discrete crack analysis
[J]. J Engng Mech, ASCE,1997,123(1) :1—9.

[3] HohnborgJ M. A Joint BElement for the Nonlinear Dynamic Analysis o Arch Dams[M]. Berlin:
Birkhaeuser Publishers Basel , 1992.

[4] Fakharian K, Evgin E. Hasto-plastic modelling of stress-path-dependent behavior of joint surfaces
[J]. Internat J Numer Anal Methods Geomech,2000,24(1) :183 —199.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



- 981

[5] , . [M]. : ,1988.
[6] Lofti H, Shing P. Interface model applied to fracture of masonry structures[J]. J Struc Engng AS-
CE,1994,120(1) :63 —80.

A Fracture- Energy-Based Elasto-Softening Plastic
Constitutive Model for Joints
of Geomaterials

SHEN Xin-pu', SHEN Guo- xiao®
(1. Department of Architecturar Engineeing, Shenyang University
o Technology, Shenyang 110023, P R China;
2. Department of Applied Sciences, Taiyuan Institute of Heavy Machine,
Taiyuan 030024, P R China)

Abstract : On the basis of plasticity and fracture mechanics for quasi- brittle materials, this article pre-
sented a constitutive model for gradual softening behavior of joints of geomaterials. Corresponding nu-
merical tests are carried out at the local level. Characteristics of the model proposed are: 1) plastic
softening and dilatancy behavior are directly related to the fracture process of joint, and much less
material and model parameters are required compared with those proposed by references; 2) the pro-
cess of decohesion coupled with frictional sliding at both micro-scale and macro-scale is described.

Key words: interface crack; quasi- brittle fracture; joint element; dilatancy; non associated
plasticity
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