, 27 7 Applied Mathematics and Mechanics
2006 7 15 Vol. 27, No. 7, Jul. 15, 2006

1 1000_0887(2006) 07_0781_08 c , ISSN' 1000_0887

EEAY HER" et melik' EweiE

(1. . 400041
2. s 430033;
3. , s 430033)
(F kT E SR A5)
, (G ) .
) CT_
. UESEPDC;
. 4 ,
TU435 DA
2 10 * 2
« 7, . 170 km
s * Gens  Alonso
* ;200512 07; o 200604 11
(10372115)
(1972—), , . (Td:+ 86.27.61285758;
(1947—), s s ( .Tel: + 8623 68597849; F, mail: chen-

zhenghand 7@ 163. com)*®
781



782

* 2 2
fup,q,s,p0)= q - M (p+ ps)(po-p)=0,

pPs = KS,

po/p. = (pg /pJ/MO)— K/ N s) k]
Ms)= MO[(1- r)exp(= Bs)+ 1],

( G A )llJ.
CT
1
; @ ; ®
3 L]
1.1
[5]
d€ = d€, + d€,, d€ = (1/36)dg,
d8§p= ﬁ(_ili’ de, = k_Sd—S,
v p v S+ Pam
P aqs (
;dSSp dﬁfs
; G s k
5 ks ;s P atm
S .
. fak _ds : _
dgs.\‘d = v S+ Pam (dS < 0), fd— td 1 P
deSxd , td B
; n 2
GA
(LY) (SY)' f] f2

GA

);dey d&

GA

4)
5)
6)
7)

~_~ o~~~



783

faAps g s, 85)2 (aq/ G) Jq/[Mz(p+ ps)— q] - &= 0,

Po ;M
(CSL) I Ps
p ;K
;PC 5 N'S)
NOj:r r= Ns T
)/ N0); B
s a ; M2 M 1 G_A
; & ;
, SY &,
LY
dpo /po = [v/( NO) - k)]del (9)
[1 ’ ’
1.2
(61, fa . I
E = [1— Ry 2 sin®)( 0= ) rx K° Q- wl
t = Patm Z(C/‘l‘ stan‘Pb) COS"F{+ 2(03_ ua)sin‘\d ( + mls) P am s ( )
R ¢ e e
mom : [
lg(El/pdtm) lg( 0p — ua)/patm )
E;= kp am[(o3_ ua)/Patm]my (11)
y k 3/patm
0
E=Fk + ml(S/patm ° (12)
2 l’lt ?
1.3
CT 81
D= Do+ expl(po/p) &= 1 (D <1, (13)
Do ;Do > & .
( )s , (13) :
, ) [9]
cr ,
D = exp(A&%), (14)
Y/ (14) ;&



784

D= Do+ exp[(po/p)é‘s/l’am]— 1+ exp(AEf)'

dD = Lide+ Lads,

1.4

4g - 28 - 28
4¢€ - 2¢€ - 2¢
4¢€ - 2¢€ - 2§
_ PO -2 [ PO s/p "]
L= 9patmpe5 P p{'i x 3ny ’
3Y,;
3sz
La= AZ&” Vexp(AE)[kJ/(v(s+ panm))]*
do*= (1- D)do'+ Ddo'+ dDO",
Or_ 0(1_ 017
(19) ; 1
; 3
, , [ 10] ,
dOd: Depd8+ qu)dS
¥ o1 @QT
e Do D gt 3™34| (59 P
o - F i T+ g TD 5‘+ Lméﬁ ,
Loe 00 glo00" 37 0Os
T
D Qﬁ‘l‘ Ll’l’l Qﬁ ai— (_apﬁ DE‘D;S]
- 00 3™ 0s]|0s 00
Fsepz_ DeDes - aH T T a a 5
- F|Z5 + & D + Lmi
oe 00 ‘lltoo™ 3™ 0s
;F = & /dH H cm={1 1100
5f flaH 8{’); SY ;f fZ,H
LY SY s
depz (dep)LY+ (d8")SY,
bTazz— b;alz bgan— leazl
Do = De- Ded alla2 — ara2 > anan— anvan’
Fop=- D.D. - Dedlw_ D.d> M7
anan— apazl alax— anpaz

. . .
b = [g%] D. b= {@a%] D., c1= %— %%DED;J,

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(2)

(23)

LY

()

(%)

(26)



785

-1 _ | oft 1 oft
c2 = aS [ } DDe\; ai A1+ bl[ 0+ 3mas )
0 0
an= A2+ bz[io L 2], an= bl £+ %m% ,
) R U/ PR 1 S W/
o b[ao 3 a] A== 3| oe) (30" 3™ 05
2| Ha| "2 1 Of
A2==5ml ae] a0 3™ 0s)
H, H> e e
do'= D.dée+ F..ds, (27)
Fse,:_ DL—‘,D;sl. (28)
(19),
(1- D)(D'd€+ Fids')+ D(D'de'+ Fids")+ o (LId€+ Luds')s (29)
D , D D* ai d
do= ((1- D)D'+ DD"+ OLY)de+ ((1- D)Fi+ DF'+ O'Ly)ds =
D™ de+ Fimeds, (30)
D™ i :
[7] .
_ dp ds
dev= o o (31)
Kwi= (1+ e0)/(GsB), (32)
(s+ pam)*(1+ eo)
Hy =- (In10) th'Bp o (33)
Kwt Hwt ., €0 Gs
+ B B
3
n s Yy ky ka ; uwv Py
P> x y
o’u Oy Fu u i) Pu v
Dn ax2+ D1zaxay+ Dy axay+ O D4laxay+ D425y2+ Dy dy S 2+ axay



786

0 0 0 0
[Fla_x+ F4a_y}P1— [(1+ Fi) a_x+ F4a_9]P2— b = 0, (34)
*u v Fu % 0% P Pu P
D41a >+ Da axay [axay ax2 + D21a a + Dzzayz+ Dxn ay2+ axay +
F4‘&+ Fz_&. P1— |:F4‘&+ (1+ Fz)‘& by= 0, (35)
Ox Ox
0| 0u o dv 0| du, v % 0Py
il o) " “m[a]* 3515[5 * ax]+ Gt B T
0 oP 0
a_x\kla_xl - a_y k1a_y(P1+ wa)]: 0, (36)
l@a—u+laa—v+b@a—u+a—v+baPl+laP2
1ot 0x) T "2 01| Oy Sloy Tox)T o T o
2|, opa 2 ops
ox|¥20x) " 0y *2 0y )7 @ (37)
. D; D" ,Fi F™
ay = az= (1/3Km)(D11+ D21+ D31)+ ns,, asz= (1/3K‘~1)(D14+ D24+ D34),
w=- as= g+ 4 (Fi+ Fax F3), bi= 1= an, (38)

b2= 1- a?, b3=— as, b4=— a4, b5= as+ n(l— Sr)/(ua+ Patm),

, by b Xy .
, UESEPDC! \
. 4 )
- ( _ ); @ ; ®
( 3 ) @ _ ( 4 _ )
s 2 3 .
25m, 48 m* 10 m, 1. 2¢
7 7 7 1 4
II II ,I I, ;II / Y :
Il ll II,I e / R R
1 . k 5 .
¢ - . ¢ il *
AﬁL‘ﬂrl_ﬂi . - e
2 3
9 4 —_ ° 4~ 6
4 _ . 3 -
0.8,



787

(1]

1)

2)

3)

o9
1.5 6.5 11.5 16.5 21.5 26.5 31.5 36.5 41.5 46.5

x/m

[

e
S

]

13:$
9.9
5.5

1.5
B3 1Y 2545 31.5 415

x/m

Gens A, Alonso E E. A framework for the behaviour of unsaturated expansive clays|[J]. Canadian

Geotechnique Journal, 1992, 29: 1013 —1032.



788

(2] ) , . CT [J]. ,2001, 23
(4): 387—392.
(3] , , . CT [J]. ,2002, (6): 106—
112.
(4] .. GA [J]. , 2001, 17(2) : 64 —69.
(5] , , [J]. , 2001, 22
(3):339—342.
(6] , , Fredund D G. [J. , 1999, 21(5):
603 —608.
[7] ) ) ; [J].
, 2002, 21(5) : 5717 —723.
(8] , , . CT [A].
[cl. : , 2001, 369—376.
(9] , , : CT [J]. , 2002, 23
(4):417—422.
[10] , , . [J].
, 2001, 22( 1): 93—103.
[11] . [D].
, 2001
[12] , ) [J]. , 1986, (2): 16 —19.

Structural Damage Model of Unsaturated Expansive Soil and
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Abstract: Focused on the sensitivity to climate change and the special mechanical characteristics of
undisturbed expansive soil, an elasto plastic damage constitutive model were proposed based on the
mechanics of unsaturated soil and the mechanics of damage. Undisturbed expansive soil was consid-
ered as a compound of non_damage part and damaged part. The behavior of the non_damaged part
was described using non_linear constitutive model of unsaturated soil. The property of the damaged
part was described using a damage evolution equation and two yield surfaces, i. e., loading yield and
shear yield. Further more, a consolidation model for unsaurated undisturbed expansive soil was es-
tablished and a FEM program named UESEPDC was designed. Numerical analysis on solid liquid gas
tri_phases and muilti field couple problem was conducted for four stages and the fields of stress, dis-
placement, pore water pressure, pore dir pressure, water content and sudion in an expansive soil

slope were obtained.

Key words: unsaturated expansive soil; elasto_plastic damage constitutive model; consolidation; soil
slope; raining; evaporating; numerical analysis



