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Application of a Stress-Strain-Time Relation

Application d’'une Rélation Tensions-Déformations-Temps
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P. GEORGI Dr.-Ing., College of Building Engineering, Cottbus, GDR
SYNOPSIS

Modern numerical methods end computer technique offer a possibility for a refinement

in estimation of time-dependent problems, This report outlines the utilizing of a general consti-
tutive equation for solving time-dependent strain and stebility problems. An example shows the

epplicability.

INTRODUCTION

The today used methods for estimation of sta-
bility consider the limit state of stress, It
is assumed, that the form of the slip surface
is known and all points along the slip surface
are In the limit state. The sliding body 1is
teken as ideal plastic and does not deform
during the sliding process, The parameters

of failure criterion must be used as being
constant. Measurements and observations show
contradictions between the real mechanism of
motion and the assumptions of the physical
model,

The development of modern mathematical methods
and large computers give the possibility to
utilize a general stress-strain-time relation
also in soil mechanics. Soils are very inhomo-
genous end anisotropically. The properties
vary in space and time, The present used ex-
perimentel methods do not allow to get them
correctly. Therefore in practicael estimations
simple reletions for the behaviour of the ma-
terial must be teken. They are connected with
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Fig. 1 Stresses and displacements in

a state of plain deformation

prescribed stress paths and with special rules
for the experimental determination of soil
paremeters,

CREEP MODEL FOR SATURATED FINE-GRAINED SOILS

Often it is possible to use a plane state of
strain., Fig., 1 shows as an example the general
structure for a slope, In a region() there are

acting body forces Fi' At one part of the
boundary FG are prescribed stresses Gi., at
another part Fu displacements u, - Lerge defor-

mations are teken into account by using the
deformation tensor of Green. Assumption in our
visco-plastic relation are zero stress rate,
This means, that ell changes in loading end
geometry take place momentary. This is the
same for softening in the state of failure.
The real stress-strein behaviour is idealized
as shown in Fig. 2. The used stress-strain re-
lation describes the behaviour in the first

idealized behaviour

Fig. 2
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stress-strain b !
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and second section, Softening is realized by
special conditions. The rheological model is
that of Fedder (1973) as shown in Fig. 3. It
involves all in fine-grained soils observed
phenomena, Nonlinearities are approximated
linearly in sections., Further assumptions are

(1) isotropy of the material

(ii) time-independent, linearly elastic
behaviour of volume deformation

(i1i) wvisco-plastic behaviour of distorsion

(iv) vieco-elastic unloading

Gy G, Gy Gn %
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Fig., 3 Rheologicel model given by Fedder
So we have the following equations as rela-

tions between octahedral strains (60,}5) and
stresses (64 Ty ):

(i) for volume deformation
£ 6o 1
0 = (1

(ii) for distorsion
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valid if:

6o< 0 (3)

> 6
YoF o= G (4)

Parameters of material are

K - modulus of compressibility

i G1‘..}n - moduli of shear deformation
Toeedy - yield limits
MqeeeNgs Mg = coefficients of viscositly

fas f1 - parameters of stress at faillure
&8s &4 - parameters of strain at failure

Index f denotes the state of failure.

The behaviour of the material according to the
above written equations shows Fig. 4. Fig., 4 a
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represents the relation between strains and
atresses at different times. As shown in
Fig. 4 b failure happens if two conditions
are fulfilleds:

(i) condition for the state of stress

To 8Ty =fo —fy 6, (5)
a generalized Mohr-Coulomb criterion and

(1ii) condition for the state of strain

Y = Go- 0,22 (6)

to

In I'ig., 4 ¢ are shown strain-time curves. For
To/B, = const. we have a fixed value of V.

The time of failure increases with decreasing
Tas 1‘im tf =00 .
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Creep tests in a triaxiasl apparatus were done.
For estimation of failure paremeters some of
the tests were performed with stresses over
long-terme strength. The results were analysed
by utilizing a computer for determination of e e
the above mentioned parameters. 0 10 20 30m

Scale

EXAMPLE FOR APPLICATION loaded region

P \

Q=/1.0 \11

A developed computer programme (Georgi and
Koehler 1979) using FEM is based on the de-
scribed constitutive equation. The initial-
boundary value problem was integrated over the
time for an intervel. The progremme allows to

unloaded region

solve problems with the following conditions: N
(i) physically linear or nonlinear

Fig. 6 Loaded and unloaded reglons
(ii) geometrically linear or nonlinear after forming of the slope

(iii) +time-independent or time-dependent

The initial state of stress is prescribed or
can be calculated by the computer. Chenging
the geometry of the structure and the loads in
time can be done., The failure time of an ele-
ment is computed and it is assumed this ele-
ment can only be loaded by a state of stress
consistent with the residual strength. The
further stresses are supported by loadable
elements (Malina 1969). In this way successive
failure can be modeled.
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We want to show the performance and results
for the example of a slope. Fig. 5 shows the
dividing of the continuum into finite ele-
ments., The initiel state of stress was calcu-
lated under the condition of normal consolida-
tion and then stored, The slope is formed by
reduction of the initiel mesh, The initial
state of stress gives the nodel forces for the
new structure, Then the stress-strain state is
calculated on the base of the theory of linear
elasticity. Before further computation it must
be compared the state of stress in each ele-
ment to decide between regions of loading and
such of unloading to get the right constitu-
tive equation for solving the nonlinear time-
dependent problem, The condition of deciding
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Fig, 5 Finite element mesh for the example Fig., 7 Succession of failure
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Fig. 8 Stress path end stress-strain

behaviour of the element A

- initial state of stress

- stress after forming of slope
- failure state

- final state

SWNN -

is the quotient Q =7\/7\i, where A =Ty /6,3

index i denotes initiel state, Q < 1 means un-
loading, Q > 1 means loading (see Fig, 6), The
state of stress and strain provides a first
approximation for failure time in the struc-
ture, With it a nonlinear calculation yields a
corrected value for the start of fallure. Fur-
ther steps of iteration are necessary. The fi-
nal state of strains comes up to the condition
of equation (6) at least in one element,

In our example the first element failed after
a time of 7.04 h, After further four time
steps and nine steps of astress redistribution
a general failure of the structure happened.
The order of succession of failure in elements
together with failure times is shown in Fig. 7.
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1t seems very interesting to represent stress
paths for elements 4, B, C, D, E (see Fig. 5).
Fig. 8 illustrates the stress paths of ele-
ment A and the stress-strain behaviour of the
seme element. Fig, 9 shows stress paths for
the elements from B to E. Elements from A to D
are always loaded, element E gets first load-
ing and then unloading, The stress paths of
elements from A to D are similar to an active
compression test and the stress path of ele-
ment E to an active extension test. For get-
ting reliable soil parameters such tests must
be performed.
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Fig. 9 Stress paths of elements B, C, D, E

CONCLUSION

The described method provides & mean for com-
putation of & stress-strain-time state in a
continuum and allows to estimate the succes-
sive failure as a function of time, Provided
that reliable soil parameters are available
it is valuable for evaluation of long-term
problems and long-term stability.
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