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1. Introduction

Dilatancy is a very important property in frictional geomaterials. Some researchers consider it as one
of two fundamentals of soil mechanical properties (the other is compression-hardening)[1]. Compression-
hardening has well been studied from its deformation to strength. But the dilatancy is more complex
phenomenon than the compression-hardening. It is not clear which mechanism makes this phenomenon
happen and what is its evolution rule in general. Comparative study has shown that the difference
of volumetric strain of constitutive models are great[3,4]. A pore water equation, firstly proposed by
Skempton[8] and improved by many researchers[5}, is a useful index to express the dilatancy effect on
pore water pressure. But the Skempton’s coefficients are not directly connected to constitutive models,
especially under complex loading.

2. Pore water equation and its coeflicients
2.1 Generalized pore-pressure equation
As we know, Skempton’s formulus[7] of pore water pressure is given by
Au = B[Aog; + A(Agy — Aos)) (1

B is a coefficient associated with the saturation of soil. If the soil is saturated (saturation S, = 100% ),
B = 1. Here only B =1 case will be studied. A is the coefficient associated with the dilatancy of soils.
There are some experimental data on the variation of coefficient A with respect to deformation and soil
type. As we know, undrainage means that volumetric strain keeps unchangeable, i.e.

dey, =0 (2)
d

!
de, = det + de? = (deg + de?,) + de?, (del + deb,) = 1? ,

de?, = C1dg + Cpqdf
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From Terzaghi’s effective stress principle dp = dp’ + du, a pore-pressure equation can be written as
du = dp + K.(Cidg + C2qdf) . 3)

or we suggest following pore-pressure equation for isotropic materials:

du = dp + a1dg + axqdf :the differential .form
(4)
Au= Ap+ alAg+ ajqAl :the finite incremental form
d do
where  a} = Ly a1g ay = Sy 92049 are the functions of strain/stress history (denoted by ‘H'). p:

Agq gAg
total hydrostatic stress; dej: increment of elastic volumetric strain; def,: increment of plastic volumetric

strain induced by effective hydrostatic p’; de?,: increment of plastic volumetric strain induced by shear
stress (g,9); K.: volumetric modulus, which is different in loading and unloading/reloading; ¢1: maxi-
mum principal stress; o3: minimum principal stress; q: generalized shear stress; §: stress Lode’s angle.

Under conventional triaxial condition we have
1 1
Aoy =A03, A=0 = Ag¢g=A0c1-Ac;, Ap= E(Aal +2A03) = A=qal+ 3 (5)

For elastic materials, whether it is linear or nonlinear or not, we have

a1 =a=0 — A=§ : (6)

But for elastoplastic materials, the general matrix of materials can be expressed as
!
d&,’j = Cijkldakl (7)

where Cj;i is the inversion of matrix of materials D;jx; which is derived generally as

09, ,0f 1
| o2y iy
{do} = Dloplde),  [Dlep = D]~ — 2802 _p] - ] ®)
A+{5;}T[D]{%} ste

Here [D)] is elastic matrix; G: shear elastic modulus; A: plastic hardening modulus; g: plastic potential

function; f: yielding function; & = {Z—f}T[D]{Z—g}/G. From Eqn(7) we can get the expression of de?,
o

{or any constitutive models.

2.2 Closed form of a; (i = 1,2) for some special constitutive models

e Modified Cambridge model[6)

_ 2n9(X — k)
TOMM? - n?) + 2%k

ay a2 =0 9)

It is interesting to note that

&E= fi(n) so that a1 = fa(&)
This equation has been verified by a lot of experimental data of normally consolidated clay. Here
Ak, M are all material parameters. 7 = l/ is stress ratio.
p
o Tsinghua elastoplastic model[3]

B
(B1+ 1)y +m3

a) = a;=0 for . Fy(0) = 1 (10)

where
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B?
(A, - 53772)(% — m3éP + mg)
Bl = K0m5

B?
A1+ Z70°)

B? .
A= {(32-1)(1+En2)+1}7

Here B, C,m3, ms, mg, Ky are material constants.

o Normalized plastic work model[8,9]

1

c? 32—121

772 - 3(1 + Cz n )i
B2-1 ,.1
nBO + —zz—n")7 +1]

1
deb, = pFp(0)d¢ — =S;;de?;  and  du=dp + K,[uF(0)d€ ~ ;S;,'defj]

pl

If S;;, defj are assumed to be coaxial, we have

du=dp+ K.fuFy0) - 1 ]10e

where d¢ =|| def; ||. Fz(0) is the yielding or failure shape function on m-plane.

coefficient; S;;: derivatoric stress; defj: increment of derivatoric plastic strain.

2.3 Experimental verification
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Fig.1 shows the change of A with deformation and confining pressure.
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3. Effect of dilatancy on dissipation of pore water pressure in foundations

3.1 Components of Biot’s theory incorporating with general constitutive models

Following six concepts form generalized Biot’s theory[5]:

¢ Equilibrium equation ¢ Geometrical equation
" doyj 1,0Au; 3Dy
— 4+ b =0 Agij = =
Oz; +o il 2( Oz; + oz )
¢ Constitutive laws of solid skeleton _ o Terzaghi’s effective stress principle
da:-j = D;’jkldfkl 05 = ‘7:"]' + u6,'_,~
e Darcy’s seepage law ¢ Incompressiblility of solid-water mixture
oY de dg;
C= K v — L
% 1 oz, , ot dx;

3.2 Weak form and FEM discretization
3.2.1 Weak form

The body forces applied on the skeleton are two components: 1) The effective weight b; per unit volume.
2) Seepage force induced by (—u,;). So that the weak form for error-self-corrector mode is:

[ 1@y Dltactas - [ (5CEE )+ - [ 520 (At
+/Sv{6(Aﬂ)}T{n}u'+A‘ds—/S’{(S(AE)}T{AT}ds |
- / (6(8€)}T{o}dv + / (6(a8))T (T)ds - / (5(aa)T{b}dv (13)
v So 14

- [sm G e = - [ ‘[/ oy Kupastat - = [ Gy R e (1)

3.2.2 Element matrix of stiffness and load vector[2,10]
For plane strain problems (i = 1= z; ¢ = 2 = y; element domain V,,), the displacement % and excess

pore pressure u are taken to be the same shape function. 4-nodal isoparametric element is used. Its
element stiffness is

[Klm = [Kijlaxse  Kij = KE  Kij = /V KSdv (15)
ON; »
An Agz —NJE
% = N, 16
K.J Aoy Ao _NJ.E;’_ ( )
IN; ON; At
-N,— -N,—= -(1-0)—(K.G1+ K
L oy ( )r.,,(K 1+ KyGy)
Converted loading vector from pre-timing states at time ¢
I aN; o 4+ aN“T w
9z * gy Y
o e | O, | d . a7
/;,m 8y dz v :
ON, 0N, . _ 0N, 0N, ,
6z28$u'+1‘y6y r 6yu'_
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in which

Ay = PGy + P3Gy + PyGi + PyGy A1z = PGy + ByGy + P2G3 + PG,
Az = P3Gy + P,Gy + PyGs + PGy Ag = PyG + PsGa + PsG3 + PG,
P P, P
oN; ON;
B(I) = e c(I)= o [Dlp=| P» P Py
z y P, P, P

Gi=B(I)+BJ) Gy=C)+B(J) Gy=B(I)+xC(J)  Gy=CI)*C(J)

1 . .
All others are the same as usual one. Crank-Nicolson mode (6 = 5) is adopted for time domain.

3.3 Case study
Some results see Fig.2.
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4. Conclusions

o The effect of dilatancy is introduced into the pore pressure equation and a general pore-pressure

equation is suggested.

¢ Dilatancy has a vital effect on the dissipation of excess pore water pressure.
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