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Abstract

This paper presents results of 3 imperfect edometric stress relaxation
tests carried out on reconstituted Onsgy clay as well as predictions made
using the model proposed by Martins (1992) as modified by Alexandre
(2006). The predictions presented herein were made in accordance to
Alexandre and Martins (2012) where the soil viscosity function was as-
sumed to follow a power law of the strain rate and also considering the
soil to obey a logarithm viscous function. Comparison between predictions
and experimental results shows that satisfactory agreement were achieved
for the 3 tests. However, the prediction using the logarithm viscous func-
tion can be considered better than the ones made with the power law
function.

1 Introduction

Alexandre and Martins (2012) have shown that the phenomena of the imperfect
stress relaxation can be regarded as the combined result of creep in the soil and
the effect of the actual rigidity of the testing equipment. Predictions made by the
authors using the model proposed by Martins (1992) as modified by Alexandre
(2006) for a very soft organic clay from Barra da Tijuca, Rio de Janeiro - Brazil,
using a power law of the strain rate for representing the viscous function of the
clay were in good agreement with experimental results both qualitatively and
quantitatively. Despite of the good agreement, the experimental curves were
somehow smoother that the predictions. One of the possible explanations for
this difference was the chosen function, a power law of the strain rate. Although
this function represented well the experimental results for the range of strain rate
observed in the tests as attested by the high correlation coefficient (R? = 0,974),
perhaps a different function could provide a better prediction.
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The present paper presents the analytical treatment of the imperfect stress
relaxation phenomena under edometric conditions using a logarithmic function
of the strain rate as an alternative to the power law function and compares it to
the experimental result of a test carried out on reconstituted Onsgy clay as well
as to the prediction using the power law function as developed in Alexandre and
Martins (2012).

2 Analytical development

The differential equation of the stress relaxation phenomena under edometric
conditions (after the “end of primary consolidation) using a power law function
of the strain rate is, as presented in Alexandre and Martins (2012) is:
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Where:

o1 (t) is the total normal stress as a function of the time t;

P is the dead weight applied at the end of the loading arm of the edometric
apparatus;

lp, lpr and [ are dimensions as defined in the figure below;

k is the constant of the proving ring or load cell;

A, is the area of the cross section and H; is the height of the specimen of
the soil;

FE.4 is the edometric modulus for a given stress range at the vicinity of point
A in the figure below;

01,4 is the solid component of the normal effective stress at Point A of the
figure below;

s is the vertical displacement of the top surface of the soil specimen in
relation to the bottom surface; and

K and n are the constants of a power law viscous function of the strain rate
(0, = K - €", where ¢ is the strain rate).
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Figure 1: A picture of the set-up of the imperfect edometric stress relaxation,
the idealised structural representation and path followed (AD) by the specimen
during the stress relaxation phase.



If the power law is replaced by a logarithmic function for representing the
viscous function, the following differential equation is obtained:
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Where A, B and C are constants of the viscous function
Then, the solution of above differential equation is:
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Where: )
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i = (&) e is the initial vertical deformation rate at the

beginning of the stress relaxation phase, and

t it the time since the begging of the stress relaxation phase.

Another equation of interest is the one for the vertical deformation rate,
represented below:
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Combining equations (2), (3) and (4) leads to the stress decrease during
relaxation, which is the following:
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The stress relaxation process comes to an end when the viscous component
drops to zero. This condition is given by making the viscous function equal to
zero, that is:
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Which means that the process will not stop at a vertical deformation rate
of zero (Point D on Figure 1) but at a vertical deformation rate of:
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The limitation of a minimum displacement rate is in fact a shortcoming of
using a logarithmic function for the viscous component of the effective stresses.
A more reasonable and physically meaningful function would be one similar to
the logarithmic function but that at the same time would present a zero viscous
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stress for a zero strain rate. However, the simplicity of the logarithmic function
allows for an analytical treatment of the problem at the same time that the key
physical aspects of the stress relaxation process are considered. Another possible
approach would be to use a logarithmic function starting from a very small
positive viscous stress and a positive strain rate and another (simple) function
for the interval between the origin and the starting point of the logarithmic
function.

An schematic representation of the stress relaxation process according to
equation (5) as well a the solution of the differential equation using a power law
for representing the viscous function (as presented in Alexandre and Martins,
2012) is presented below:

c — Logarithm viscous function
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Figure 2: Comparison of the solutions of the stress relaxation tests for a power
law and a logarithm functions.

Nlustrative examples of these predictions together with test results on re-
constituted Onsgy clay are presented below:
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Figure 3: Predictions and experimental result on reconstituted Onsgy clay -

Stress relaxation from 61 kPa.



150 Stress relaxation from c', =143 kPa
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Figure 4: Predictions and experimental result on reconstituted Onsgy clay -
Stress relaxation from 143 kPa.



Stress relaxation from G', = 283 kPa
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Figure 5: Predictions and experimental result on reconstituted Onsgy clay -
Stress relaxation from 283 kPa.

A differential equation for the imperfect stress relaxation during the shearing
phase of a triaxial test using a logarithmic viscous function can be obtained in
the same way as Alexandre and Martins (2012) by simply making [, = [, =
lp,r = lin the equations above.
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4 Conclusions

The differential equation and the solution of the imperfect stress relaxation pro-
cess considering a logarithm function for representing the viscous component of
the effective stresses were presented in this paper. Comparison between predic-
tions and experimental result shows that for the reconstituted Onsgy clay the
logarithm function predicts better the stress decay over time than the power
law function.
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