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INFLUENCE OF THE MEAN STRESS ON THE STRENGTH
CHARACTERISTICS EVALUATED BY ONE-SPECIMEN TESTS

INFLUENCE DE LA CONTRAINTE MOYENNE DANS LADEFORMABILITE
EVALUEE AUMOYEND'ESSAIS SUR UN SEULECHANTILLON

JOSE FOLQUE, Principal Research Officer

F.J.CABRAL PINTO, Trainee Research Officer

Laboratdrio Nacional de Engenharia Civil, Lisban, Portugal

SYNOPSIS Results of one-specimen tests are presented showing the influence of the mean streas
on the deformation-tangential stress characteristics of a compacted soil. The knowledgeof the
constitutive laws of this material has made poasible to complete, with good accuracy, the in
complete branches of curves . obtained for each stage of mean stress.

INTRODUCTION

A research program carried out forsoms years
now at the Laboratério Nacional de Engenha .
ria Civil, to investigate the rheological
characteriastice of non-saturated soilshas ma
de 1t possible to establish the constitutivs
laws of this material. The calculationof the
stresgs and strain distribution in earth &ms,
which makes it possible to design with grea-
ter approximation than the usual critical
oguilibrium computations, is one of the flelds
of application of the performed rheological
studies.

The rheological behaviour of compacted soils,
for cases 1n which
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Ty = . = ¢%, 1sdescribed by
equations (Folque, 1961)
z=7(f-_i%llz_“_)+7’2e for ¥, e
1
R A
z-o;(t-_7,___‘ 2 ) +v (1)
1

where 7, and 7, are parameters with stress
dimensibns (therefore representing deformabi

1ity modulli), 7 has the dimensions_of a vis
coaity coofflcient, and 7 1s a yleld atresh

(stress under which the material undergoes
plastification).

It 18 easy to show that for z<v and t ==
the stress-strain curve 1is
1= 7,6 (2)

where 2; is ct, for small intervals of the
strain. The rneological studies that have
beenperformed led to an idealized model whe

re plaatic elements play an important rdle,
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The tangential deformation, even for verylow
values of applied stresses, implies the plas
tic yelding of some cantacts between parti -
cles. When stresses increase the number of
contacts where yelding occurs also increases
until the stress v 18 reached. For this level
of stress Elaatification has ocurred in all
the mass of soll inside the rupture zone.,
Thus, it can be assumed that the rigidity,

y 18 a function of the difference between
v and the applied stress:

= d =
7,2 —di- (v-1z) (3)
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Fig. 1 - Curves 7 -£ 1in a typical one-
-specimen test
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Assuming that & 1s constant and integrating
(3) the following equation is obtained,

7= v (1.-e%%) (W)

Varlations in ¢, 1imply variation in parame-
ters v and & with marked repercussions
chic<fly in the magnitude of v , To gtudy the
influence of ¢, in paramtera v and « one
can test more than one specimen, each of the
sp-cimens being subjected to a given ., .This
method is the one that more closely resembles
the usual way of carrying out shear and tria
xial compression tests, pe
However, 1t happens that when preparing labo
ratory specimens, supposed to be similar, it
is very difficult to prevent them from show-
ling a certain scattering ofstructural pro-
perties, Thia scattering 1s going to hamper
the proposed investigation because, in the
initial stete, the specimens do not sohw the
same values for the fundamental paramters v

and « , This effect 13 even more marked 1if
)
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we are dealing with undisturbed specimens ta-
ken from actual fills, owing to the disperain
of properties existing in these fills fromans
point to another.

The object of the work here descrlbed was,
bearing in mind waat bhas just been written,
to try and find out the possibility of stu -
dying the influence of ¢, on the stress-de -
formation characteristics of a compacted soll
by means of teats carried out on a slngle spe
cimen.

ig. 3 - Construction of the curves of equal

derivative —g—

TESTS

Several sets of samples were prepared by com
paction. Each set was made up of four speciz
mens, Three of them were tested according to
the conventlional method, submitting each spe
cimen to a given ¢, , and then increasing
the deviator stresses until failure,

The fourth sample of each get was tested in
the following, way (fig. 1): with the speci.
men subjected to ¢, , & deviator stresa was
applied followlng branch ABj; when a certaln
degree of deformation was attained ¢m was in
creased to ¢, and deviator stresses increa

ged up to failure (branch CD), To obtain the
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required information about parameters v anda
concerning curves (1) and (2), it would be
neceasary to be able tocomplete them with a
C and BEE).

good acecuracy (branches

Fig. 4 - Construction of the line PQ
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Fig. 5 - Results of one of the performed
tests
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Fig. 2-a presents curves (1) and (2) in a se
mi-logarithmic plot. These curves are easy to
complete if line MN which passes by homolo -
gous points corresponding to the yielding of
the two curves is known., Thus, if AB is ex -
tended until it intersects MN (fig. 2-b) the
ordinate of the horizontal branch of BE can
be determined,
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T

TESTS USING ONE SPECIMEN

Fig. 6 - Comparison between conventional and
one-gpecimen tests

Line ME can be determined rather accurately
bearing in mind (fig. 3) that the lineswhich
pass by points of equal derivative of the cur
Ves I - ¢ are very approximately parallel.
Hence (fig. 4), through points of equal deri-
vative of curves (1) and (2) line PQ is dra-
wed, to which line MN is parallel, Transpor-
ting this conatruction to a semi-logaritnmic
plot, the completion of curves (1) and (2) is
made as shown in fig. 5, that represents the
results of one of the tests carried out using
a single specimen,

Fig. sums up the resulte of the test orw
fognod, nakinz it possible to conaroatge%a:tl
carried out with a single specimen with cur-
ves /g, veraus € obtalned in conventional
teats,
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CONCLUSIONS

As can be geen in fig. 6, the results of the
teats using a single specimen approximately
coincide with the mean value obtained in con
ventional tests. However, conventional tests
present dispersions that are sensibly higher
and which, as said, are to be ascribed tothe
fact that each conventional test is based on
the study of several specimens, with the cor
responding uispersion of structural characte
ristics from one specimen to another.
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