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Abstract: Rheologic characteristics of soil are very important in soil mechanics. Almost every aspect of re-

search on soil mechanics deals with rheologic characteristics of soil. Although more than half century has

passed, study on rheologic characteristics of soil only made a very small progress, which was due to the two

facts: (1) the complexity of rheologic characteristics of soil; (2) the research methods based on experimental

formulas. Based on thermodynamic theory and endo-chronic theory, a new intrinsic constitutive equation for

rheologic characteristic of soil was developed, which combined with two groups of internal state variables and

their correlative intrinsic time. The new intrinsic constitutive equation did very well in predict essential fea-
tures of the rheologic behavior of soil, with which the dilatancy of soil during the rheologic process could be de-

scribed.
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1 INTRODUCTION

Research on intrinsic constitutive equation
of rheologic characteristics of soil is very impor-
tant in solving problems in engineering. During
past seventy years, progress had been made in
this field, while it was difficult to develop an in-
trinsic constitutive equation, which could predict
essential features of rheologic characteristics of
soil objectively. This may owe mainly to com-
plexity of the rheologic characteristics of soil and
extension of the problem. There is no intrinsic
constitutive equation, which can describe the
rheologic characteristics of soil under complex
load condition, or constitutive equation, which
can describe the dilatancy of soil during the rheo-
logic process at present. On the other hand,
some new and more difficult problems were met
in engineering during the recent years, with de-
veloping on civil engineering and mine engineer-
ing. Therefore, there is an urgent need to devel-
op realistic sophisticated constitutive equations
for rheologic characteristics of soil.

To meet this requirement, the authors de-
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veloped a new intrinsic constitutive equation for
rheologic characteristics of soil based on the the-
ory of intrinsic time, and verified the new con-
stitutive equation with laboratory triaxial tests.

2 THEORETICAL FORMULATION

Endo-chronic theory was introduced by

(1,21 iy order to describe irreversible ther-

Valanis
modynamic process in 1971. Based on endo-
chronic theory, the state of dissipative material
in irreversible thermodynamic process can be de-
scribed with one point in intrinsic space instead
of point in stress space or strain space. Intrinsic
time is a function of Euclid module of the incre-
ment of the arc of the stress or strain. It never
decreases and can be used to determine the state
of material in irreversible thermodynamic process
alone. Endo-chronic theory does not base on the
concept of yield surface, while, it works well
with the existence of yield surface. The analyti-
cal form of the yield surface can even be solved
with endo-chronic theory.

Soil can be treated as dissipative material,
its rheologic process under external load is irre-
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versible thermodynamic process and can be treat-
ed with endo-chronic theory. Considering the
rheologic characteristics of soil, we can describe
soil rheologic process with n number of internal
variable ¢*. Each internal variable ¢® can be sep-
arated into two parts: one is gy,” for the repre-
sentation of hydrostatic response caused by hy-
drostatic stress oy, and its related intrinsic time
Zy; the other is g;;® for the representation of de-
viatoric response caused by deviatoric stress S;;,
and its related intrinsic time Zg. According to
the definition introduced by Valanis, the incre-
ment of intrinsic time can be written as follow-
ing:

dZ = x(§)dt (D
where Z is intrinsic time, ¢ is Newton time, §
Considering the dila-
tancy of soil during the rheologic process, dZy
and dZq can be defined as:

is scale of intrinsic time.

dZ = _ Bnde ﬁzdeH B23d8s
H t Cu {s 2
dZ« = ﬂndt BlZdCS
S {s
in which!?3!,
kdS;;
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dgy = Lk _ 20Tk
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where  S,;, oy are deviatoric and hydrostatic

stress, respectively; e; and ey, are deviatoric

Yy
and hydrostatic strain respectively; g, K are
tangent and volumetric elastic modulus, respec-
tively. Bi1, Bias Bars Bazs Baz, K, kyand kg

are material constants. For &, and &y, the value
is between 0~1, and

kl = 0 > ko = 0
with viscoplasticity sumption (4)
Bz =0

without shear stress
According to the method presented by
Wull and Valanist?!, we can obtain the follow

equation under Viscoplastic condition:
o

— 0
S, suaZ

Zg
2#12J a (Zg = ) 1] dZ g (5)

where  SY

27 ?
plastic deviatoric strain, and

/11> 212 and ag are constants, e} is

ask
Ol = Ok 35 974 + 2unefy t+

Zy , de
a (Z . ~Z ) kk
Z#ZZJO e H 7H Z dZ H (6)

where o0, 1215 ¢tz and ay are constants, ey is
plastic volumetric strain.

It is very difficult to obtain the common so-
lution of Eqn. (5) or (6). There is no require-
ment to do that in fact. Our goal is to find the
solution of the questions we will meet in engi-
neering with Eqns. (5) and (6). The basic and
most important guestions in engineering are set-
tlement of construction and stability of slope.
They are all problems of no more than two di-
mensions, and can be studied with triaxial test.
So, only the solutions of Eqns. (5) and (6) un-
der condition of triaxial test are presented in this
paper.

According to the method introduced by
Li'%), the solution of Eqn. (5) can be given by:

g = [E1+Ec(i)im7’"}7 (7)

where ¢ is deviatoric stress; 7 is deviatoric
strain; E;, E., m and n are constants; ¢ is
Newton time; t, is unit time(such as 1's, 1 min
or laetc.).

We can also obtain the solution of Eqn. (6)

in the same way:
t S
p = |:Evl + Evc(“) 1
Lo

where

“ ‘ ekkl oS }?kk

(8)
p 1s normal stress; €y is normal strain;
E., E., f» w and s are constants. Eqns. (7)
and (8) are the constitutive equations for the
rheologic characteristics of soil under the condi-
tion of triaxial test.

3 VERIFICATION OF INTRINSIC CONSTI-
TUTIVE EQUATIONS

To verify Eqns. (7) and (8), the constants
must be calculated at first. There are two meth-
ods to solve the equations, those are geometric
method and numeric method!®’.

The verification of Eqns. (7) and (8) was
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performed with the results of triaxial and tor-
sional tests, the constants were calculated at first
with geometric method or numeric method, then
theoretical value of stress or strain were com-
pared with the results of the tests.

Figs.1 and 2 are the theoretical creep curve
comparing with the results of torsional testst7 1.
The compatibility of the theoretical value with
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the result of tests is quite satisfactory.
Fig. 3 shows the theoretical creep curve,
without deviatoric stress, comparing with the

results of triaxial tests
[9]

without deviatoric

stress'”'. The compatibility of the theoretical re-
sult with the result of tests is also quite satisfac-

tory.
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Fig.3 Theoretical curves of volumetric creep

versus test results

Verification of Eqn. (8) was based on the
famous experiments presented by Bishop[w].
Fig. 4 shows the distribution of the relative error

between theoretical value and test value of the
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Fig.4 Distribution of relative error
with shear stress
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effective pressure, and the error scatters within a
small area. This means Eqn. (8) performed well
in predicting the relation among volumetric
stress, strain and time.

Figs. 5 and 6 are distributions of the relative
error between theoretical value and test value of
the effective pressure under the condition with-
out shear stress (i.e. w =0 in Eqn. (8)). The
figures show that shear stress affects the relation
between volumetric stress and strain of the nor-
mal consolidated soil slightly. But this effect on
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Fig.5 Distribution of relative error of
normal consolidated soil without shear stress
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Fig.6 Distribution of relative error
of pre-consolidated soil without shear stress

the pre-consolidated soil is obvious. This coincid-
ed perfectly with our knowledge on soil’ s dila-
tancy.

Comparing theoretical results from Eqgns.
(7) and (8) with the results from tests, it is
clear that the new constitutive equation based on
endo-chronic theory performs very well in pre-
dicting the rheologic characteristics of soil.

4 CONCLUSION

Based on endo-chronic theory, the authors
presented a new constitutive equation to predict
the rheologic characteristics of soil under the
condition of triaxial test. The verification with
comparing theoretical results from Egs. (7) and
(8) with the results from tests showed that the
new constitutive equation performs very well in
predicting the rheologic characteristics of soil.
As most problems met in civil engineering are
problems under the condition of triaxial test, the
new constitutive equation can be used widely in

this field.
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