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Trilinear model of uniaxial stress-strain behaviour of natural clays 

Un module trilin6aire du comportement de deformation uniaxiale d’argiles naturelles

A leksandar D. Spasojevi'6, Nenad M.SuSic, Nina T. Kordic Dikovic & Ksenija S. Stojkov -  Institute tor Testing Materials, IMS,

Beograd, Yugoslavia

ABSTRACT: In this article a trilinear model for one dimensional compression of natural clays is proposed. The model relies on the 
results of natural clay's compression tests presented in literature. In the proposed model it is presumed that one dimensional compression 
line of natural clays consists of three parts: preconsolidated, destructured and remolded. There exist two distinguishing points: yield 
stress, c y', which marks the transition between preconsolidated and destructured state, and remolding stress, ar', which marks the 
transition between destructured and remolded state. The behavior of remolded state has been established using the results of double-layer 
theory. Numerical example is presented which shows the effects of the proposed model.

RESUME: Dans le texte se propose le modele trilineaire de la compression undimensionelle des argile naturelles. Le modele s’en 
rapporte a des resultats publier dans la litterature. Dans le modele suivant se commence que la courbe de la compression est composer des 
trois parties: preconsolider, destructurer et remanier. Sur la courbe se separent deux points typiques: la pression de destructuration, ay’, la 
quelle represente la transitition de l’etat preconsolider aux etat destructurer. Tout de meme, aussi la pression de destructuration ar’, la 
quelle represente la transitition de l’etat destructurer aux etat remanier. Le comportement dans l’etat remanier est modeler par l’usage de 
la theories de double coushes (“double layer theory”). Lexample numerique le quel represente l’effet du modele proposer est aussi 
montrer.

1. INTRODUCTION 2 ANALYSIS OF THE EXISTING MODEL

One of the most frequent problems in geotechnical engineering 
is an estimation of deformation in natural clay deposits. In 
common geotechnical practice it is based on theory of one 
dimensional compression, where total settlement, over layer 
whose thickness is H, equals

( 0

Ahj is the thickness of the i-th sublayer, while Aezi is the 
deformation of the i-th sublayer; n is the number of sublayers in 
the clay layer.

There are several procedures available for calculation of 
Aezi (for example, the one proposed by Yin and Graham, 1989., 
using e-lncrv' space, and X, k, \|/ as its parameters, which heavily 
relies on Cam-clay theory), but it seems that the most usual and 
robust is one that uses e-logav' space, and compression index, 
Cc, recompression index, Cr, and secondary compression index, 
C„, as its parameters. The expression for calculation of Aezi 
using this procedure is well known but repeated here for the 
sake of completness.

C a, C a . +Aa
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oy' is a yield stress, ctvo' existing vertical effective stress, and 
Aav' surplus of vertical effective stress introduced by the 
external agency; t is the time in excess of the time of primary 
consolidation, tp, e0 is initial void ratio. Compression parameters 
of the model (Cc and Cs) are defined through expression:
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C, is generalized compression index; Ae is a change of void ratio 
corresponding to the change of vertical effective stress Aav'.

Compression line presented by equation (2) is bilinear. The 
slope of the line below the o y\ equals Cs»(l/3-l/12)Cc (some 
authors insist that it is even lower), while beyond ay\  natural 
clay sample has compressibility equal to Cc. In classical soil 
mechanics, preconsolidation stress, ac’, is in the place of yield 
stress. However, Bjerrum, 1967, Mesri and Choi, 1984, Yin and 
Graham, 1989, Burland, 1990, among others, have shown that 
there are other effects besides stress history that establish yield 
stress: creeping (aging), clay structure, etc. According to 
Leroueil et al., 1979, ay' is the point of destructuration.

In common geotechnical practice compression indexes 
are taken to be constant. This practice is correct when applied in 
study of the remolded clay; compressibility of remolded clay 
seems to be driven only by physico-chemical effects. This is the 
reason why slopes of compression lines can be determined using 
double layer theory, Nagaraj and Srinivasa Murthy, 1986.

3 NATURAL CLAY BEHAVIOR

For natural clay sample, parameter Q depends on clay structure. 
Usual compression tests, taken in standard geotechnical 
oedometers, need not (and they often do not) give reliable 
results because of the inevitable sample disturbance, (which 

follows even the most careful sampling), and time-scale effects 
(or the effect of aging) which diminish the influence of the 

original structure.
The results presented by Leroueil, 1985, and Burland, 

1990, which summarize the one dimensional compression tests 
of various natural and laboratory sedimented clays show that 
there are three parts of the compression line:

1. first part, below yield stress, ay', in which natural clay 
has very low compressibility; this part is represented by 
the recompression index Cs»(0.01-0.05),
2. second part, just beyond yield stress, ay', in which 
natural clay has high compressibility- strain increments 
in this part are large i.e. this is the zone where 
destructuration occurrs; the compression line is 
characterized by steep slope, Ccl=(0.7-1 3);

3. third part, in which the effects of the initial structure 
are swept, and soil sample behave as remolded;
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compressibility is characterized by the slope of the 

remolded sample; Cc2«(0.23-0.26)*eL.
Transition between first and second is clear and marked 

by the yield stress, ay', on the a-axis; this point reflects the 
structure, age and stress history of the clay. It is interesting to 
note that the value of ay' for the normally consolidated clay, 
where only aging affects cause its establishment, can be 
obtained without the compression test, using only the age of 
clay amd vertical effective stress. Using conclusions from Mesri 
and Choi, 1984, yield stress of NC clay equals:

( 4 )

tp is a time of the end of pirmary conslidation and in incremental 
maintained load compression tests its usual value is (1/300-1/50) 
years; t is geological age of natural clay- its usual value value 
ranges from 500-10000 years. Using the fact that for the most of 
natural clays Ca/Cc=0.04, and Cs/Cc»0.2, one can show that for 
NC clays ay'=(l 6-2.4)av'.

In general when there are additional effects of 
preconsolidation, dessication etc, yield stress equals:

( 5 )

where k is a constant that should be determined in compression 
test.

Deposition conditions affect the location of transition 
point between second and third part; for natural clays that were 
slowly deposited in still waters it seem to be at the point where 
void ratio e»(0.4-0.5)*e0. (see, Schmertmann, 1955, results 
presented in Burland, 1990). On the other hand, for natural clays 
that were rapidly deposited from dense suspensions, transition 
point is at void ratio e»(0.8-0.9)*eo Beyond this point natural 
clay behave as if it has been remolded.

4 PROPOSED TRILINEAR MODEL

Based on observations presented in previous section, a trilinear 
model of one dimensional natural clay's compression is 
proposed which, in our opinion, presents the compromise 
between robustness of calculation and complexity of natural 
clay behaviour. According to the proposed model, volume 
decrease which follows the increase of vertical effective stress 
Aav’ is given by the following expression:

C a /  C,
Ae  = ------*log— -i— —

■ 1+e. l + e„
* log-

a '+Aa '
(6)

CT,' l + e.

It can be seen that additional parameter is introduced, 
remolding stress, ar'. Its value can be obtained from the 
following.

Void ratio that corresponds to the yield stress is 

e\ ~ eo ~ C, * 1°8^ Remolding stress, ar’, which corresponds to 
the void ratio e=r*e0 (where r can take values 0.45 or 0.85 
depending on the deposition condition) can be obtained using 
the results of the double layer theory, Nagaraj and Srinivasa 
Murthy, 1986.

f  *  £
1 .122 ---------------- 2-

lo g a /= ----------- e-^ ~  n \
0.2343 ’

eL is the void ratio corresponding to the liquid limit.

Compression index of the second part of the natural 
clay’s compression line equals

C =
(1 - r ) * e , - C , *  log k

(8)

and it can be concluded that it is a function of the initial state of 
clay (through e0 and av’), mineralogical content (through e,), 

structure of clay and depositional factors (through r and k) and 
stress history (through k).

Compression index of the third part is constant for a 
clay; it characterizes the remolded clay’s compressibility and, 
using the results of double layer theory, equals eL*0.23.

5 NUMERICAL EXAMPLE

In order to present consequences of the presented model, 
volume strain increment, Aez, of natural NC Belgrade clay, 
corresponding to the stress change form 100kPa-250kPa, was 
calculated using proposed model; results are compared to the 
one obtained using the standard bilinear theory.

In the analyzed case, a'v0=100kPa, e0=0.717 
(yd=15.7kN/m3), wL=42% (eL= l. 134); due to deposition 
conditions (clay is in the bed of former stream of Mokri Lug in 
Belgrade), values r=0.9, and k=2 (meaning that the ay’=200kPa) 
were chosen.

Calculated remolding stress was found to be equal to 
230kPa, while compression index was Ccl=0.96. Resulting 
volume strain increment was found to be Aez,=0.048 (4.8%).

Volume strain increment calculated using biliner model 
and secant compression indexes (where secant is taken from the 
values corresponding to av’=(50-100-200-400)kPa-C.2CO 
4oo=402) Ae2l=0.031 (3.1%).

Authors believe that the difference is even more 
prononced for clays with more opened structure.

6 CONCLUSION

In this article trilinear model of natural clay’s one-dimensional 
compression is proposed. It is based on presumption that one 
dimensional compression of natural clay consists of three parts. 
First part corresponds to recompression, second part to 
destructuration, and third part to compressibility of remolded 
clay.

A numerical example is presented in which it has been 
shown that the application of trilinear model leads to more than 
30% larger volume increment comparing to standard bilinear 
model.

Authors believe that the proposed model quantifies one 
dimensional compression of natural clays in more realistic way 
than the standard bilinear model.
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