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SYKOPSIS. Triaxial tests have been carried out to investigate the effect of stress path on 
the axial and volumetric compressibility of undisturbed samples of London clay. It is shown 
that direct use of standard undrained compression tests to determine the elastic modulus, and 
oedometer tests to measure the axial compressibility, may lead to appreciable errors when cal
culating the settlements of structures on London clay. The volumetric compressibility has 
been found to be reasonably independent of the magnitude of the lateral effective stress, but 
the axial compressibility is greatly influenced by the ratio of lateral to vertical effective 
stress, and a method is given for estimating the relative magnitude of axial and volumetric 
compressibilities as a function of this effective stress ratio.

INTRODUCTION

The method often adopted in design offices 
for the settlement analysis of structures 
founded on saturated clays has undergone but 
little change since the introduction of the 
theory of consolidation by Terzaghi over 
forty years ago. Conditions in the field, 
however, generally differ from the simplify
ing assumptions that have to be made in the 
analysis, for example one-dimensional strain, 
resulting for over-consolidated clays in par
ticular, in an over-estimate of the magnitude 
of the settlement. An important Improvement 
to settlement analysis was made,(Skempton and 
Bjerrum,1957)when it was recognised that an 
element of soil underneath a foundation under
goes lateral deformation as a result of 
applied loading and that the subsequent con
solidation is a function of the excess pore- 
water pressures set up in the clay. It was 
assumed,however, that the relationship betweai 
axial compressibility and effective stress 
could be determined in the standard oedometer 
test i.e.the influence of lateral stresses on 
the stress deiormation characteristics of the 
soil was not taken into account. A better 
laboratory procedure to predict the deform
ation of a soil under a given foundation 
loading, would be to test the soil by apply
ing as closely as possible the same stress 
changes as those to which the soil will be 
subjected in the field. Moreover, soil be
haviour being generally non-linear, deform
ation properties, such as the undrained 
elastic modulus, Polsson's ratio, and the 
drained compressibility, will vary with stres 
level and it is also desirable that a soil 
specimen, after sampling, be first brought 
back to the stress system initially prevail
ing in the ground, before subjecting it to 
the stress changes it is likely to undergo on 
loading. Thus the concept of stress path 
testing, for example,(Lambe 196*+ and Lambe 
1967) logically follows, and it is this aspect

of the behaviour of the over-consolidated 
London clay which is studied in the Paper.

STRESS PATH

A stress path is essentially a line drawn 
through points on a plot of stress changes 
and shows the relationship between components 
of stress at various stages in moving from 
one stress point to another. Stress paths 
can be plotted in a variety of ways, and in 
studying the deformation of soils, a simple 
plot of vertical stress (effective or total) 
against horizontal stress (effective or total) 
has been found to be convenient and is the 
system adopted in the Paper. It should also 
be noted that consideration is only given to 
cases where, by virtueof symmetry, the in
termediate and minor principal stresses are 
equal and where the vertical and horizontal 
stresses are the principal stresses.

Let us consider now how an element of London 
clay under the centre line of a circular loaded 
area may be stressed. Prior to the applicat
ion of the surface loading, the ln-situ vert
ical and horizontal effective stresses will 
be p1 and Ko.p', respectively, where Kq is 
greater than unity, (iskenpton, 19 6 1). The in- 
situ effective stresses tp1 and Ko*p') are 
represented by the point A and the correspond
ing total stresses by Ai in Flg.l. Due to the 
applied foundation pressure q, the stresses 
on the element will increase by and&t}^.
If the foundation pressure is applied suffici
ently quickly so that no drainage occurs dur
ing the load application, the element will 
deform without any volume change and any 
vertical compression will be associated with 
a lateral expansion.

Now,the increase in stresses and M ki
will set up an excess porewater pressure in 
the element of saturated clay, (Skempton 195^-)
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Au.  • AG*, + A(Atfi - A ^ )  ( i )

Therefore Immediately after load application, 
the effective stresses are :

« 1 '  p' +  AG^ - Au.

* Ko.p +  ^  “ *«■

Since for most clays, and certainly for 
London clay, the value of A is positive and 
less than unity in the range of stresses nor
mally encountered in practice,Alt is greater 
than the effective vertical stress in
creases and the effective horizontal stress 
decreases during load application, and the 
stress point moves from A to B. The vertical 
strain during undrained loading is,therefore, 
a function of the stress path A B. The ele
ment now begins to consolidate. During the 
early stages, the Increase in effective hori
zontal stress is a re-compression until the 
original value Kq p' is restored, beyond 
which the further increase of effective hori
zontal stress is net, while the element is 
subjected to a net increase in effective ver
tical stress during the entire process of 
consolidation.

During load application under undrained con
ditions, a saturated clay behaves as an in
compressible medium with Poisson's ratio equal 
to 0.5. As the excess porewater pressure 
dissipates, however, Foisson's ratio decreas
es and finally drops to its fully drained 
value at the end of consolidation. This 
change in Poisson's ratio is unlikely to 
affect significantly the vertical stress (for 
an elastic, isotropic, homogeneous medium,the 
vertical stress increases are independent of 
the material parameters) but the horizontal 
stress will decrease by an amount S to a new 
value Kq p' + , where

A<Tki *  -  « ( » )

Therefore during consolidation, the element 
will follow the effective stress path B D, 
which will govern the vertical strain during 
drained loading.

An ideal settlement analysis should take into 
account the complete patterns of stress chan
ges to which typical elements of soil will be 
subjected in the field, the corresponding ver
tical strains should be measured, and a sum
mation of these strains would give the pre
dicted settlement of the structure. The sta
ges of an idealised experimental programme are 
outlined in Fig.2. When a sample is removed 
from the ground without significant mechanical 
disturbance or change in water content, the 
total stresses are reduced to zero and a neg
ative porewater pressure is set up,(Skempton 
and Sowa,1963). In the first stage,therefore, 
the in-sltu stresses should be restored to 
obtain the condition before sampling. Then a 
set of stresses equal to those to which the 
sample will be subjected due to the foundation 
loading, should be applied under undralned 
conditions, and both the vertical strain and 
the porewater pressure measured. The sample 
should then be allowed to consolidate against 
a back pressure equal to equilibrium porewater 
pressure Alo , and, at the same time, the 
horizontal stress should be decreased to its 
final value. The vertical strain recorded 
during this final stage together with that 
observed during the undrained loading, would 
give the total strain of the element in the 
field and the total settlement would be 
obtained by summation.

An extensive experimental programme has been 
carried out to investigate the effect of 
different stress paths on the axial and volu
metric strains of undisturbed samples of 
London clay, and the results so obtained have 
been compared with those from a parallel ser-
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Fig. 1. Stress path of an element of soil 
in the field during loading and 
consolidation

Fig. 2. Stages of an ideal experimental
programme for settlement analysis.
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iss of oedometer tests, (Som 1968). Typical 
sets of results are presented In the Paper 
and attention has been concentrated on the 
triaxial tests.

LABORATORY EQUIPMENT AND TESTING PROCEDURE

The triaxial tests were carried out in 1-̂ lnch 
diameter standard triaxial cells fitted with 
rotating bushings to minimise ram friction. 
Porewater pressures were measured at the b^e 
usinc perspex null indicators(Bishop and 
Henkel,,19o2) having a volume factor of 
1.0x10"° in3 per lb/in2. It was often nec
essary to measure small volume changes, of 
the order of 1 c.c. for example, and a stan
dard 5 c.c. volume gauge was not sufficiently 
accurate. It was replaced, therefore, by a 
length of iin. O.D. Saran tubinc connected 
between the sample and the back pressure con
trol and clamped horizontally on the bench 
against a scale. An air bubble was introd
uced into the otherwise waterfllled tubing 
and its movement gave a measure of the amount 
of water expelled from a specimen. By adopt
ing this system, a high degree of accuracy 
was achieved - a displacement of 0.02in. of 
the air bubble was equivalent to a volume 
change of 1 mm3.

The results of oedometer tests will be re
ported in detail elsewhere, and will only be 
quoted in the Paper to provide a comparison 
with the triaxial testing. The oedometer 
tests were either carried out in standard 
Bishop-type fixed ring oedometers with a 
sample size of 3in. diameter by iin. high, or 
in hydraulic oedometers. These latter oedo
meters were designed by Professor A.W.Bishop 
and Messrs.G.E.Green and A.E.Skinner of Im
perial College and will be described in detail 
in a separate publication. The samples, Win. 
diameter by 1in. high are confined in metal 
rings and sealed on porous stones and the 
loading is applied hydraulically through a 
membrane on the top of the sample. Measure
ments of axial deformation and porewater pre
ssure are made over comparatively small areas 
at the eentre of the membrane. The use of 
hydraulic pressure avoids mechanical shocks 
to the system and since the measurements are 
carried out away from the confining ring,the 
effects of side friction on the measurements 
are minimised. Back pressure is applied 
through the bottom porous stone and in the 
present series, a back pressure of 15 p.s.l. 
was used throughout.

G WL W In Clay Activity
P P fraction

2.71 67.5 26.5 1+1.0 W.O 0.86

Table I. Index properties of London clay, 
from Ongar, Essex.

LATERAL STRESSES 

Block samples were hand cut from a pit at 
High Ongar, Essex. The soil profile shows 
31ft. of sandy gravel and brick earth over- 
lying blue London clay, and the samples were 
taken at a depth of ¡?8ft.6ln. below ground 
level. The ground water table was found at 
depth of 20ft.6in. below ground level. Great 
care was taken to prevent the samples from 
drying out. The average moisture content of 
the clay was 26.7^ and there appeared to be 
no significant change in the moisture content 
with time, specimens tested up to 600 days 
after sampling showed essentially this same 
moisture content. The index properties are 
summarised in Table I.

The main objects of the triaxial testing pro
gramme were 1 -
a) to determine the stress-strain and pore
water pressure behaviour of undisturbed 
London clay for the range of stresses applied 
In the field and
b) to study the consolidation characteristics 
of London clay for different stress paths.

With these objects in mind, the following 
programme of triaxial testing was chosen 1-

a) Undrained tests to failure

Type A1. Unconsolidated undrained compression 
tests with measurements of porewaterpressure. 
Type A2. Unconsolidated undrained extension 
tests with measurements of porewater pressure. 
Type A3. Axial stress on the specimen decreas
ed until the effective vertical stress was 
approximately equal to that in-situ,followed 
by compression to failure, all under undrain
ed conditions with measurements of porewater 
pressure.

b) Consolidation tests

Type B1. Isotropic consolidation.
Type B2. Anisotropic consolidation.
Type Cl. Undrained loading followed by iso
tropic consolidation.
Type C2. Undrained loading followed by 
anisotropic consolidation.
Type D. Axial stress reduced until vertical 
effective stress was approximately equal to 
the in-situ vertical effective stress, then 
undrained loading, followed by Isotropic 
consolidation.
Type E. Drained compression tests with con
stant stress Increment ratios.
Type F. Unconsolidated or consolidated 
drained compression tests.

The rate of strain adopted for both drained 
and undrained controlled rate of strain tests 
was generally O.OOOHj» per minute; no filter 
paper drains were used. The experimental pro
gramme and the equipment are described in 
much greater detail by Som (1968).

RESULTS FROM UNDRAINED TESTS

The two quantities resulting from undrained 
triaxial tests which are of most interest in 
settlement computations are the elastic modu
lus, E, and the porewater pressure parameter,
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A, (Skempton, 1954).

a) Elastic Modulus, E.

Since the strese-strain relationship for a 
soil is in general non-linear, the value of 
the secant modulus, i.e. E, will change with 
increasing shear stress during an undrained 
test. The elastic modulus is also dependent 
on the effective normal stresses acting on 
the soil, the higher the effective stresses, 
the greater the elastic modulus. To illus
trate the influence of these two factors,
i.e. the effective normal stress and the 
shear stress, on the elastic modulus, Pig.3 
shows the ratio of elastic modulus, E, to the 
mean pre-shear effective stress . ( O p  plot
ted against stress level. The following 
features of Pig.3 are of particular interest.

i) There appears to be a definite relation
ship between the nondimensional quantity
and the effective stress ratio. This means“  
that for any effective stress ratio, the se
cant modulus is proportional to the mean pre
shear effective stress Similar rela
tionships have also been obtained for other 
clays, (Ladd, 1964).

ii) Por any value of (Ovju the secant modulus 
decreases steadily with increasing stress 
level. Thus the greater the overall faotor 
of safety against foundation failure, the 
higher will be the secant modulus, and the 
smaller the undrained settlement. In addi
tion, under a foundation, since the ratio of 
shear stress to pru-shear effeotive stress 
will vary with depth, so also will the elas
tic modulus. It is thus extremely important 
to determine correctly the variation in E 
with depth and then to take this variation 
into account when computing the settlement. 
This latter problem has recently been exami
ned, (Gibson 1967). It is also noticeable 
that the extension modulus far any effective 
stress ratio is not vastly different from 
that for compression. (Note that, for clar
ity, the extension modulus hae been plotted 
against (T $ / o \ and, therefor*, to make direct 
comparison with the compression modulus, the 
former should be referred to the reciprocal 
of OV/ )• This latter result in in conflict 
with those obtained far other sites in London 
which have shown a higher modulus for exten
sion than for compression (Skempton and 
Henkel 1957, Skempton 1959)«

The foregoing results have important practi
cal significance. Por settlement analysis, 
it is common practice to perform undrained 
tests on undisturbed specimens of clay at 
confining pressures equal to the correspon
ding overburden pressures, and then to deter
mine the secant modulus at a stress level 
equal to one half or one third the failure 
stress. It is clear that, in general, the 
effective stresses prior to shear are quite 
different from those existing in-situ. Ideally 
the elastic modulus should be determined for 
stress increases corresponding to those in 
the field, and starting from the actual stre- 
ses existing in-situ. Although the oompres-

SI M O N S a n d  S O M

sion parts of the A3 and D tests reported 
above do not exactly satisfy this condition, 
the stresses in these specimens, prior to com
pression, were much closer to the in-situ 
stresses than was the case with conventional 
undrained triaxlal tests, and the results ob
tained from the A3 and D tests may be compaied 
with those from the conventional teats. An 
hypothetical example can best illustrate the 
above point. Por the Ongar site, an arbit
rary increase in stresses on an element of 
soil at the level at which the samples were 
tafcen, of £l<Tv =30 lb/in2 and =6 lb/in? 
has been assumed, and these stresses have 
been found to give rise to an initial excess 
porewater pressure of 19 lb/in2. The initial 
in-situ effective stresses have been estimated 
to be

=32 lb/in2 and ( « &  =76 lb/in2,

giving ( ( T ^ =  i (32 + 76 + 76) = 61 lb/in2,

while the all-round effective stress in the 
specimen after sampling, Pfc, was found to be

58.5 lb/in2 (Som 1968).

So after undrained load applicationsin the 
field

= 32 + (30 - 19) = 43 lb/in2, 

and = 76 + (8 - 19) = 65 lb/in2,

giving 0V/(r,l= Gv*/GV»' = 43/65 = 0.67 

Prom Pig. 3, we have for compression

=210, giving E = 210x61 = 12,800

lb/in2.

_E_
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Pig. 3- Seoant modulus versus stress ratio
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Considering now the sane element in the labo
ratory on whloh a conventional unconsolidated 
undrained test has been performed,

(<T»)e - - 58.5 lb/in2,

and after application of the total stresses

<J^‘ = 58.5 + (30 - 19) = 69.5 lb/in2

andQ^' - 58.5 + (8 - 19) = 47.5 lb/in2f

= 90, giving E = 90x58.5=5,300 lb/in2

Thus for exactly the same set of stress incr
eases two distinctly different values of E are 
obtained, corresponding to the two Initial 
stress oonditions, with the value obtained 
from conventional undrained triaxial testing 
giving a lower value of E, and hence a higher 
calculated initial settlement.

The above analysis illustrates that it is vi
tal to take account of the appropriate 
stress path when determining the elastic modu
lus for use in settlement analysis. There are 
of course, other factors of great importance 
which are known to influence the deformation 
modulus of olay determined from laboratory 
tests, for example, sample disturbance, rate 
of undralned loading, and size of test speci
men, but a discussion of such factors is out
side the scope of the Paper.

b) Porewater Pressure Parameter A

It should be noted that the parameter A is not 
a constant soil property. Various factors are 
known to influence the value of A, for examplei

â  Stress level
b) Stress history
c) Test conditions
d) Sample disturbance

Of particular interest from the point of view 
of settlement analysis is the influence on the 
A value of stress level, since this will vary 
considerably with the magnitude and geometry 
of applied foundation loading, and the depth 
under consideration. When values of A are 
quoted in the literature, they often corres
pond to failure conditions, but for a typical 
foundation problem, the applied shear stresses 
are well below the strength of the clay and 
the use of A at failure (Af) in settlement 
analysis may be misleading.

Pig.4. efaows values of A plotted against the 
effective stress ratio with the
values at failure, Af, corresponding to maxi
mum principal stress differences also indica
ted. There is some scatter in the results, 
although the rate of strain and overall range 
of stresses were similar in all tests. It can 
be seen that all the values of A for compres-

L A T E R A L  S T R E S S E S  

sion lie within a band and the different 
types of test do not appear to influence the 
results signlfioantly. The A value decreases 
from an average of 0.6 at low stress levels 
to 0.4 at failure. The A values for exten
sion are considerably lower than those for 
compression but Increase as failure is appr-»- 
oached. Perhaps the most surprising result 
to emerge from the above data is that the A 
value for compression does not drop more 
drastically near failure, since experimental 
work on clays overconsolidated in the labora
tory has often shown very low and even nega
tive values of A at failure (Simons I960, 
Bishop and Henkel 1962, Lambe 1962).

It appears from Fig.4. that the porewater 
pressure parameter for a typical foundation 
problem for the Ongar site will be in the 
range 0.4 to 0.6, and that for the range of 
stresses normally encountered in praotlce, 
the parameter A will not v»Ty appreciably 
with stress level.

RESULTS OP DRAINED TRIAXIAL TESTS

This section deals with deformation of London 
clay under drained conditions i.e. the axial 
and volumetric strains associated with the 
expulsion of water from the clay.

a) Volumetric Strains. In Fig.5. the volu
metric compressibility, my, equal to the volu
metric strain, (€y), divided by the incremnt 
in vertical effective stress, ACT,' , has been 
plotted against the effective vertical stress. 
( (J, )p prior to the consolidation stage.
There is certainly some scatter in the 
results, which is only to be expected when 
testing undisturbed samples of clay, but it 
can be clearly seen that for the stress range 
under consideration, the volumetric compres
sibility is primarily a function of the major 
principal stress i.e. the axial stress, and 
is not significantly influenced by the later
al stresses, or the stress path followed 
during undralned loading prior to consoli-

Fig.4. Porewater pressure parameter A 
versus stress ratio.
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dation. Similar results have been obtained 
for a wide variety of soils by other research 
workers, (Butledge 1 9 Bjerrum 1954, Broms 
and Iiatnam 1963, Raymond 1965). It is not 
suggested that this behaviour will be gene
rally valid, as there is evidence for some 
soils that the volume change may be a func
tion of the average principal effective 
stress. (Wood 1958V Henkel 1958, Wade 1963, 
Sowa 1963> Roscoe et al 1963, Schofield and 
Wroth 1968). Some of these studies relate "to 
conditions at failure when the influence of 
shear stress may be more important. In the 
work described in the Paper, where the stres
ses are relatively small and well below fai
lure conditions, the relationship between 
volumetric compressibility and major princi
pal effective stress seems to be valid, and 
is certainly accurate enough for the purpose 
of a practical settlement computation.

Because of limitations on the length of the 
Paper, the oedometer tests which have been 
carried out cannot be described in detail, 
but the results have been summarised in Fig. 6 
where the volumetric compressibility, mv, has 
been plotted against the effective vertical 
stress prior to consolidation. Briefly, the 
oedometer tests included aret-

i) first loadj ng tests
ii) second loading tests i.e. reloading tests
iii) constant rate of strain tests (C.R.S. 
tests.
iv) tests using the hydraulic pressure 
oedometer (HPO tests).

For comparison, the mean curve for the tri
axial tests from Fig.5, has also been shown. 
It can be seen that the difference in volu
metric compressibility obtained from triaxial 
and oedometer tests are small.

b) Axial Strains. For settlement studies, 
it is the vertical component of deformation 
which is important and in Fig.7, the ratio 
of the vertical strain,€» to the volumetric

a n d  S O M  _
strain, fcy has been plotted against the
stress increment ratio for various
types of tests. It can be seen that Ct/£v 
decreases as the stress increment ratio 
increases. So even if the lateral stresses 
have only a minor influence on the volumet
ric strains, the axial strains, and hence the 
settlements of a structure, are significantly 
dependent on the ratio of lateral to vertical 
stress.

The solid curve in Fig.7 is the best fit 
curve through the observed points which 
which intersects the ordinate C* [Cy = 1 at
W / A T , ‘= 0.29.

At this point the lateral strain is zero and 
the stress increment ratio, therefore, cor
responds to the incremental coefficient of 
earth pressure at rest, K0. This value of 
Xq = 0.29 compares with the value 0.28 obtai
ned for a similar stress range from strain 
gauge oedometer tests (Som 1968).

It is of interest to note that for &Q)/W|*
= 1.0 (isotropic consolidation) the ratio of

0.45, greater than 0.33 for an iso
tropic elastic material.

Now it has been shown, Fig.6, that the volu
metric compressibility can, for practical 
purposes, be obtained from oedometer tests, 
but it would then be necessary to determine 
the ratio in order to carry out a set
tlement analysis. Predictions of this ratio 
will now be made on the basis of (i) isotro
pic elasticity and (ii) anisotropic elasticity.

(i) Isotropic Elasticity

For conditions of axial symmetry, if c and 
V* are respectively the Young's modulus 
and Poisson's ratio of the clay for drained 
compression, the axial and radial strains are 
given by

Fig. 5. Volumetrio oompressibility in Fig. 6. Comparison of volumetric
triaxial consolidation. compressibilities.
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«
V  £

(5)

For snail strains, the volumetric strain

and

É V »  "Cl +  2. 6.J

2 A T , )

£ x  , ___ l-2i/'.K‘

£w 0 - a v TX i ^ 2 K ‘)

w

«

Ci)where K’* act,'/a t /

Therefore, for an isotropic material, the 
strain ratio C,/6v is determined by only one 
elastic parameter,-)/*.

Now, for zero lateral strain,£»= = 0, 
it can be easily shown that

V ‘ --
1^ s r -

where K ~  AT,’/AT/ Co*)

corresponding to one dimensional strain. 

From (7) and (9) we have

6

£v

J L -  - i ± x» t  - 2.K».K

O - X X i + i * ' )

CM)

Equation (11) gives the relation between the 
strain ratio and the stress increment ratio 
during consolidation. For the range of stre
sses under consideration, ^  -  0.29, and the 
chain-dotted line in Fig.7 is obtained. It 
can be seen that for K1 = l,6,/£v = J (as it 
must for an isotropic elastic material), and 
also passes through the experimental point 
corresponding to K0 = 0.29- It has been sug
gested (Lambe 1964, and Seed 1965) that the 
strain ratio for field consolidation can be 
predicted from equation (11) and the corre
lation between the observed and predicted 
curves, Fig.7, may be considered fair.

(ii) Anisotropic Elasticity

It will now be assumed that the clay behaves 
as a cross-aniBotropic material (Barden 1963) 
during drained compression, having different 
elastic properties in the vertical and hori
zontal direotions. Five elastic parameters 
are now required to define the behaviour of 
the material:

E, ■= the elastic modulus in the vertical
I direction 
= the elastic modulus in the horizontal 
direction

LA T E R A L S T R E S S E S

"\J\ = effect of one horizontal strain on 
. I the other horizontal strain 

=■ effect of horizontal strain on 
.i vertical strain

= effect of vertical strain on horizontal 
strain

For a triaiial specimen with its axis vertical, 
the strains are given by

0 * )

= = c,,)

fc* ct

For small strains, the volumetric strain 

£v = £.1 -ir ^

- t-aVV-AT;1* O a )

e,* v ' e ,'

' t - Zrv^'.

where n = \

and K' =

O r )

Ct*“)

Although there are five elastic constants we 
need only determine three parameters in the 
form of /'V , and n (l«*V| ) to define
the strain ratio Ê,/fev for a cross-anisotropic 
material. Now under conditions of no lateral 
strain,£* /£y = 1, and K ’ = K0.

Substituting in equation (15)

K * - v V / k O - ^ / )  ^n )

Fig. 7. Strain ratio versus stress 
increment ratio.
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Combining equations (1?) and (17)

£, . 1 - Z TX..V11. K*_____________

“5 7 "  •-'A'-vo '
The parameters Vj and n.T^,1 can be determi
ned from two tests with different values of 
K' and measuring Ci/€y in each case. The 
most convenient values of K1 to choose are 0 
and 1.0 i.e. the standard drained compression 
test and the isotropic consolidation test.

It has been shown, Fig.7, that when

K' = 0, e , / e *  = 1.45 = o L

and when K.'sl.Oj £ 1/6 « =0.45» 0, a*a *«, = 0.2.3

Using these values in equation (18) we find 
Vj = 0.16 and n.Vi = 0.18. Finally we 
obtain

_£i_ . I - 0.36 K*__________

C* “ t-0.3a(V4SK'-t)-0.36K‘ S 1

Equation (19) has been plotted in Fig.7 as 
the broken curve and it will be seen that the 
correlation with the observed data is extre
mely good, and better than that obtained 
assuming isotropy.

It must be noted, however, that the relation
ship given by equation (19) is stress depen
dent and should therefore be determined for 
any particular problem with due regard to the 
stress range under consideration.

The practical implications of the above res
ults are believed to be of some significance. 
It has been shown for London clay and for the 
stress range covered by the testing programme 
that the influence of the lateral stresses on 
the volumetric compressibility of an element 
of soil beneath a foundation may be neglected. 
But the vertical strain, and hence the settle
ment, will be only a percentage of the total 
volumetric strain, depending on the stress 
increment ratio. As an example, if for an 
element of soil AOi'foOt = 0.7 Fig. 7 shows 
that 0.6, and direct use of the oedo-
meter compressibility will over-estimate the 
vertical strain of the element by more than 
60*.

CONCLUSIONS

1. The actual stress path for an element of- 
soil beneath a foundation in the field is in 
general quite different from that implied in 
standard methods of settlement computation 
based on the oedometer test. Since the axial 
deformation of an element of soil is dependent 
on the stress path followed, standard methods 
of settlement analysis cannot be expected to 
yield accurate predictions.

2. In a foundation problem, the elastic modu
lus of the soil varies with depth as a conse
quence of increasing effective stresses befixe 
construction, and also because of different 
stress levels that are imposed by the applied

foundation pressure. To measure correctly 
the variation of the elastic modulus with 
depth, it is necessary that an undisturbed 
sample be first brought back to the stress 
system prevailing in the ground before samp
ling and then be subjected under undrained 
conditions to the actual stress increments 
that are likely to be applied in the field.
It has been shown that, far London clay, the 
elastic modulus so obtained differs consider
ably from, and is generally larger than that 
determined from standard undrained tests.

3. The volumetric compressibility of London 
clay is primarily a function of effective 
vertical stress and is largely independent of 
the lateral stresses, at least within the 
range of stresses covered by the testing pro
gramme, but the vertical strain is greatly 
influenced by the relative magnitude of the 
vertical and lateral stress increments during 
consolidation. Direct use of oedometer test 
results will not therefore result in accurate 
predictions of settlement, even if account is 
taken of the different excess porewater pres
sures set up in the oedometer and in the field.

4. The volumetric compressibility of London 
clay can, for practical purposes, be determi
ned from either triaxial or oedometer tests, 
the latter giving satisfactory results only 
when initial swelling is positively prevented, 
and apparatus and bedding errors are elimina
ted. It is then possible to use theooedometer 
volume compressibility, together with a rela
tionship between K and €.\ [ ¿ i f  

(the ratio of the axial to volume strain) to 
calculate the settlement of a structure. It 
has been shown that this relationship can be 
predicted with sufficient accuracy by assuming 
the soil to be a cross-anisotropic elastic 
material.
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