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I N FLU EN CE O F THE M EA N  ST RESS O N  THE STREN GTH  

C H A R A CT ER I ST I CS EV A LU A T ED  BY O N E- SP ECI M EN  TESTS

I N F L U E N C E  D E  LA C O N T R A I N T E  M O Y E N N E  D A N S  LA D E F O R M A B I L I  TE  

E V A L U E E  A U  M O Y E N  D ' E S S A I S  S U R  U N  S E U L  E C H A N T I L L O N
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SYNOPSIS Results of one-specimen tests are presented shoving the Influence of the mean stress 
on the deformation-tangential stress characteristics of a compacted soil. The knowledgeof the 
constitutive laws of this material has made possible to oomplete, with good accuracy, the In­
complete branches of curves z - 1 obtained for 

INTRODUCTION

A research program carried out forsooe years 
now at the Laboratorio Nacional de Engenha - 
ria Civil, to Investigate the rheological 
characteristics of non-saturated soils has ma 
de It possible to establish the constitutive 
lavs of this material. The calculation of the 
stress and strain distribution In earth &ms, 
which makes it possible to design with grea­
ter approximation than the usual critical 
equilibrium computations, Is one of the fields 
or application of the performed rheological 
studies.
The rheological behaviour of compacted soils, 
for cases In which

^1 + ^2 + t 
<rB = — =-------- ■— = C , is described by

equations (Folque, 1961)
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where Y, and 7̂  are parameters with stress 
dimensions (therefore representing deformabl 
lltv moduli), ^ has the dimensions of a vis 
coslty coefficient, and y Is a yield atrert 
(stress under which the material undergoes 
plastification).
It is easy to show that for z<v and t 
the stress-straln curve is

Z =  i z t  ( 2 )

where ^  is ct. for small Intervals of the 
strain. The rneological studies that have 
been performed led to an idealized model whe 
re plastic elements play an Important r&le.

eaoh stage of mean stress.

The tangential deformation, even for very low 
values of applied stresses, Implies the plas 
tic yelding of some contacts between parti - 
cles. When stresses increase the number of 
contacts where yelding occurs also increases 
until the stress v is reached. For this level 
of stress plastification has ocurred in all 
the mass of soil inside the rupture zone.
Thus, it can be assumed that the rigidity,
^ , Is a function of the difference between 
v and the applied stresst

i  = - â i -  = * ( * / - r )  (3)
2 d£

Fig. 1 - Curves Z - c  in a typical one- 
-specimen test
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FO L O U E  a n d  CABRAl PINTO 
Assuming that <X Is constant and integrating we are dealing with undisturbed specimens ta-
(3) the following equation is obtained. ken from actual fills, owing to the aisperaiin

Z = v  (l _ 9 ~ a e ) (it)

Variations in <£, imply variation in parame­
ters v  and cc with marked repercussions 
chi i; fly in the magnitude of v  . To study the 
Influence of in paramtera v  and ff" one 
can test more than one specimen, each of the 
specimens being subjected to a given <C .This 
method is the one that more closely resembles 
the usual way of carrying out shear and tria 
xlal compression tests.
However, It happens that when preparing labo 
ratory specimens, supposed to be similar, it 
is very difficult to prevent them from show- 
ling a certain scattering of structural pro­
perties. This scattering is going to hamper 
the proposed investigation because, in the 
Initial state, the specimens do not sohw the 
same values for the fundamental paramtera v  
and a  . This effect is even more marked if

a)

T

log t

b)

lo g  €

Fig. 2 - Curves Z - log e

of properties existing in these fills fromone 
point to another.
The object of the work here described was, 
bearing in mind w;iat has just been written, 
to try and find out the possibility of stu - 
dying the influence of <rm on the stress-de - 
formation characteristics of a compacted soil 
by means of tests carried out on a single sp_e 
clmen.

Fig. 3 - Construction of the curves of equal 
derivative - >r~-

TttSTS

Several sets of samples were prepared by com 
paction. Each set was made up of four speci­
mens. Three of them were tested according to 
the conventional method, submitting each spe 
clmen to a given , and then increasing ~ 
the deviator stresses until failure.
The fourth sample of each set was tested in 
the following, way (fig. 1): with the speci­
men subjected to <r^ , a deviator stress was 
applied following branch AB* when a certain 
degree of deformation was attained was in 
creased to and deviator stresses lncria

sed up to failure (branch CD). To obtain the
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IN FLUEN CE OF THE M EAN  STRESS
required information about parameters v and* 
concerning curves (1) and (2), it would be 
necessary to be able tocomplete them with a 
good accuracy (branches AC and BE).

Fig. h - Construction of the line PQ

Fig. 5 - Results of one of the performed 
tests

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 hoaolo - 
gous points corresponding tc 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.

0 1 2  3 4 5 6

C <10'2)

' / / / / A CONVENTIONAL TESTS 

,\WW' TESTS USING ONE SPECIMEN

Fig. 6 - Comparison between conventional arri 
one-specimen tests

Line MB can be determined rather accurately 
bearing In mind (fig. 3) that the lines ̂lich 
pass by points of equal derivative of the cur 
ves I - t are very approximately parallel. ~ 
Hence (fig. W), 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 construction to a semi-logarithmic 
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. 6 sums up the results of the tests per. 
formed, making it possible to comare thexeets 
carried out with a single specimen with cur­
ves l/Cm versus £ obtained in conventional 
tests.
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CONCLUSIONS

As can be aeon In fig. 6, the results of the 
tests using a single specimen approximately 
coincide with the mean value obtained In con 
ventlonal tests. However, conventional tests 
present dispersions that are sensibly higher 
and which, as said, are to be ascribed to the 
fact that each conventional test is based on 
the study of several specimens, with the cor 
responding dispersion of structural charactë 
rlstlcs from one specimen to another. ”
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