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D EFO R M A T I O N  O F SO FT  CLAY BEN EA T H  LO A D ED  AREAS

D E F O R M A T I O N  D '  U N E  A R G U E  M O L L E  S O U S  C H A R G E  U N I F O R M E  M E N T  RE P  A R T  IE

J . B . BU RL  A  N D

B u i l d i n g  R e s e a r c h  S t a t i o n ,  W a t f o r d ,  Herts ,  E n g l a n d

SYNOPSIS This paper describes an experimental and theoretical investlgatlon of the shear and 
volumetric deformation of normally consolidated clay when it is brought close to undrained 
failure and then allowed to consolidate. Some special triaxial tests are described in which 
the axial stress is applied rapidly in one increment and then held constant as drainage takes 
place. The results of these tests are shown to be in good agreement with the predictions of a 
general stress-strain theory described by Roscoe and Burland (1968). The practical applica
tion of the theory is illustrated by evaluating the long-term vertical and horizontal deforma
tions beneath a uniform strip load for various undrained factors of safety. It 1b concluded 
that the theory, for which the only soil parameters required are C c and 0', has relevance in 
engineering practice for assessing the behaviour of soft clay under complex loading conditions.
INTRODUCTION
Many foundations and embankments on soft 
clays involve the relatively rapid applica
tion of loads which bring the soil close to 
failure in the undrained condition and result 
in large consolidation and shear deformations 
as drainage takes place. The stress-strain 
behaviour of clay under these conditions is 
not well understood principally because the 
effective stress paths occurring in the field 
can differ markedly from those occurring in 
routine oedometer and triaxial tests. 
Consequently the prediction of field behaviour 
from the results of such routine tests is 
difficult without some form of realistic 
stress-strain theory.

A general stress-strain theory for normally 
and lightly overconsolidated claye was des
cribed in detail by Roscoe and Burland (i960) 
end was shown to be in excellent agreement 
with experimental results obtained from con
ventional triaxial and plane strain tests. 
However, before the engineer can develop con
fidence in a theory, it is necessary to 
demonstrate under controlled laboratory con
ditions that the theory gives reasonable 
estimates of strain for effective stress 
paths which are broadly similar to those 
occurring in the field.

In this paper some special 'single-increment' 
triaxial tests on normally consolidated kao
lin are described and the observed deforma
tions are compared with theoretical predic
tions. The practical application of the 
theory is then illustrated by estimating the 
vertical and horizontal deformations beneath 
a uniform strip load on the surface of a 
thick normally consolidated clay lay«r.

PART I: SINGLE-INCREMENT TRIAXIAL TESTS
1.1 STRESS-PATHS FOR A SINGLE-INCREMENT TEST 
The effective stress changes that occur 
during a typical single-increment triaxial 
test on normally consolidated ¿lay are shown 
graphically in <Ja , j 2<Tr space in Fig.la. 
Consider a specimen of normally consolidated 
clay initially at equilibrium under an all
round (isotropic) effective stress represen
ted by point 0. When a single large incre
ment in axial stress (A<ra) is applied quickly, 
without drainage, the total stress will move 
to a point Z  on the path QD whereas the 
effective stresses will move to a point X  

lying on the undrslned effective stress-path 
OXQ.  A positive excess pore pressure u 
results which is given by the vertical dist
ance between X  and Z .  As soon as drainage 
begins the pore pressure reduces and the 
effective stress follows the path X Y Z  reaching 
Z  when the pore pressure is zero. Lambe
(1964) and (l967) has presented the stress- 
paths associated with various types of labora
tory test and field loading condition. The 
effective stress path OXZ  is broadly similar 
to that Imposed on an element of normally 
consolidated clay beneath a rapidly loaded 
foundation or anbankment.

When dealing with the theoretical aspects of 
this paper it is convenient to use the 
devlator stress Q (=<Ja -  ar ) the mean 
normal stress p (= ( a a ' + 2(7r')/3) as stress 
parameters. The stress-paths shown in Fig.la 
have been replotted in Fig.lb in these terms 
and were obtained from a standard undrained 
triaxial test on normally consolidated 
kaolin.
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consolidated kaolin

1.2 APPARATUS AND EXPERIMENTAL PROCEDURE 
The apparatus consisted of a standard tri
axial cell and base (3.81 cm diameter speci
men) fitted with polished and greased end 
plattens. The deviator load was applied by- 
placing weights on a counterbalanced hanger. 
Each specimen was prepared in two stages; 
first by one-dimensional consolidation from a 
slurry in a special sample former clamped to 
the cell base and then by all-round (iso
tropic) consolidation. For the first stage 
the vertical stress was increased in incre
ments to 103 kN/raa (15 psi) and for the 
second stage the isotropic stress was applied 
in two increments; 0 to 276 kN/m2 (40 psi) 
and 276 kN/ma to 345 kN/m2 (50 psi). Careful 
measurements of axial compression as well as 
volume change were made during isotropic 
consolidation.

After remaining at equilibrium under an iso
tropic pressure of 345 kN/m2 (50 psi) for two 
days the drainage cock was closed and the 
required deviator stress waB applied as a 
single increment. Readings of axial compres
sion were taken every 10 seconds for the 
first minute and every minute thereafter.
After ten minutes the drainage cock was opened 
allowing drainage to take place under constant 
cell pressure and constant deviator stress. 
Readings of volume change and axial compres
sion were taken at suitable intervals of 
time. Drainage was continued for at least 
three days and sometimes considerably longer.
1.3 EXPERIMENTAL RESULTS
The results of six single-increment tests on 
remoulded normally consolidated Spestone 
kaolin are presented and are discussed under

three sub-sections dealing with i) isotropic 
consolidation, ii) immediate strains and 
Hi) drained strains.

1.3.1 Isotropic consolidation: This stage 
of each test was used to obtain the compres
sion index X( = 0.435Cc) for the soil and to 
check the isotropy and reproducibility of 
each specimen. The voids ratios correspon
ding to 345 kN/ma (50 psi) varied from 1.418 
to 1.429 which represents a total variation 
of lees than a per cent in the specific 
volume (l + e). The values of X corresponding 
to isotropic consolidation from 276 kN/m8 to 
345 kN/ma varied from 0.276 to 0.249 with an 
average value of 0.265.

The measurements of axial as well as volumet
ric strain during isotropic consolidation 
made possible a check on the extent to which 
the specimens behaved isotroplcally before 
shearing. For an isotropic material the 
increment in shear strain 8e(= - ^¿) 
resulting from an increment in isotropic 
stress should be negligible in comparison 
with the increment in volumetric strain 8u
i.e. the ratio S e / S v  = o. For the tests des
cribed here the values of Sc/Su for the iso
tropic pressure increasing from 276 kN/m8 to 
345 kN/m2 varied between - 0.018 and + 0.065 
with an average value of 0.041, showing that 
the assumption of initial isotropy is reason
able.

1.3.2 Immediate strains: In Fig.2a, the 
relationship between axial strain and time 
after applying the deviator stress is plotted 
for the six tests. It can be seen that the 
etrain increases very rapidly at first and
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Pig.2 Undrained phase of single-increment triaxial tests showing,(a) relationship between 
axial strain and time and (b) relationship between devlator stress q and 'immediate' 
strain derived from (a)

bends over sharply and enters an approximately 
linear portion giving a slow increase of 
axial strain with time. The 'immediate' 
strain will be defined by the intersection of 
the extension of this linear portion with the 
zero time axis as shown in Fig.2a.

In Fig.2b the 'immediate' strains from the 
six specimens are plotted against devlator 
stress q( = c a -  c r ) .  As a comparison, the 
results from a standard undrained constant 
strain-rate test (Loudon 1967) are also 
given. It can be seen that for a given 
devlator stress, the strains obtained from 
the constant strain-rate test are a little 
less than the corresponding 'immediate' 
strains. The agreement is, nevertheless, 
satisfactory. Another point of interest is 
that the highest stressed specimen (6) had a 
factor of safety of approximately 1.1 against 
undrained failure.

1.3.3 Drained strains: In F1k .3 are plotted 
the relationships between log time and volu
metric strain and log time and shear strain 
for the drained phase of test 4. It can be 
seen that significant shear strains occur as 
drainage takes place and that the two curves 
are similar in shape, i.e. the shear strains 
appear to be associated with the volumetric 
strains.

The behaviour depicted on Fig.3 cannot be 
interpreted by means of simple elastic theory 
since an elastic material cannot undergo 
shear distortion if there is no change in 
shear stress, as in this case. It will be 
demonstrated later in the paper that the

development of shear strains during consoli
dation under constant shear stress, and the 
close association between these shear strains 
and the volumetric strains, 1b in accordance 
with the predictions of the theory.

In Figs.4a and 4b the results of all the 
tests are plotted on axes of a versuB e and
9 versus u. The points correspond to the 
strains at U = 100 per cent (see Fig.3) and 
the additional creep strains at a time of 
8 x t too are also indicated. It can be seen 
that the creep strains are small even at a 
deviator stress equal to 90 per cent undrained 
failure. The volumetric creep is two to 
three times greater than shear creep.

It is of interest to compare the strains 
obtained from the single increment tests with 
those obtained from a standard drained test 
(shown by dotted lines in Fig.4). Dealing 
first with the shear strains (Fig.4a) it can 
be seen that at low devlator stresses (up to 
about 0.3 the undrained failure stress) the 
strains for both types of test are almost 
identical. At higher stresses the shear 
strains from the single-increment tests are 
significantly larger than those from the 
standard drained test being about twice as 
large at 0.9 undrained failure. Turning now 
to the volumetric atrains (Fig.4b) it can be 
seen that both types of test give very nearly 
the same strains; the strains from the 
standard drained teat being slightly less 
than for the single increment tests.

The results presented In Fig.4 demonstrate 
that, for a given change in effective stress,
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?i£.3 Relationship between strain (volumetric and shear) and time for drained phase of 
slncle-increment test number 4

whereas the shear strains are dependent on 
the stress-path the volumetric Btrains are 
almost Independent of it. The latter conclu
sion is in agreement with Rendullc'a (1937) 
generalised principle of effective stress 
which is discussed In Part II.

PART II: THEORY .«TO COMPARISON '.VITH EXPERIMENT 
The stress-strain theory used here has been 
described in detail by RoBcoe and Burland 
(1958) and is based on the approach of 
treating normally and lightly overconsoli
dated clay as a work-hardening plastic 
material. The soil Is assumed to possess a 
yield locus and to satisfy the normality 
condition (for detailed discussions of these 
assumptions see Drucker et al (1957),
Roscoe and Schofield (1963), Calladine (1963), 
Burland (1907) and Schofield and Wroth (1968)).

An increment of volumetric strain 8u 
resulting from an increment of stresB 
cauBlng yield is considered to be made up of 
a recoverable component 8v r and an irre
coverable (plastic) component S v P . The 
increment in recoverable volumetric strain 
resulting from an increment in mean normal 
stress Sp is:

proposed by Burland (1965) which leads to the 
following relationship between the plastic 
strain increments and the stresses during 
compression under a constant stress ratio 
q / p  "•

( Se ) = 2 3/P
v iïÜP'q/p Afa -  ( q / p  ) s

(2 )

1 + e p ( 1 )

where ic Is the swelling index (= 0.435 Cs ) .  

For simplicity it is further assumed that no 
recoverable shear strains can occur, i.e.
5er & 0 so that Se = SeP.

2.1 OUTLINE OF THEORY FOR TRIAXIAL CONDI
TIONS

The theory is baaed on a work equation

This equation may be thought of as the 'flow 
law' for the material when It is yielding.
For present purposes M 1b defined as the 
value of q / p  at which failure occurs in tri- 
axial compression (see also Schofield and 
Wroth (1968), page 227). It is therefore 
related to the effective angle of friction 
<f>‘ by the expression

“ - - 3 .........  <»>
Under all-round compression 5 = 0  and 
equation (2) predicts that Se/SuP = 0 which 
is in agreement with the experimental results 
presented in section 1.3.1. At failure, when 
<2/p = M, equation (2) requires that Se/SuP =
oo, i.e. the rate of volume change is zero. 
This is known to be a reasonable approxima
tion for many remoulded and natural normally 
consolidated clays. Equation (2) also leads 
to reasonable estimates of the coefficient of 
earth pressure at rest K 0 for a wide range of 
values of <f>‘ (Roscoe and Burland 1968, page 
563).

Implicit in the theory is the assumption that 
Rendullc's (1937) generalized principle of 
effective stress Is valid. This states that 
for a clay in a given Initial state of stress 
and stress history there exists a unique
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Fig.4 Observed and predicted stress-strain behaviour of single-increment tests

relationship between voids ratio and effec
tive stress for small changes in stress. In 
the case of a normally consolidated clay this 
relationship can be represented by a number 
of similar shaped contours of constant voids 
ratio as shown in Fig.l. The theory leads 
to the following equation for a constant 
voids ratio contour in p,Q space (see Fig.lb):

£ .  -  f M2 . . )
Pe + (Q/p ) a

where pe is the pressure at which the 
relevant contour intersects the all-round 
compression line, i.e. pe = exp(ea - e)/X 
where X is the compression index (= 0.435 C c ) 

and ea is the voids ratio corresponding to 
unit pressure. The expression for the 
volumetric strain increment due to a Bmall 
change in p and 9 can be obtained from 
equation (4) by differentiation:

■ r ^ r  1(1 - - 1 * ’* * !»1
.  * .  .  .  ■ • (b)

It is helpful to think of equation (5) as a 
particular statement of Rendulic's genera
lised effective stress principle.

The corresponding increment in shear strain 
Se le made up of two components (RoBCoe and 
Burland (1968) - page 550). The first, and 
usually most significant, component is 
obtained directly from equation (2) and is 
denoted by (sOq/p s° that

(8eVp = (M» - ( $ l s ) x (Su ■ rr-5 * ^)
. • . • ■ • . .(6) 

The Becond component of shear strain is 
dependent only on the change of Btress ratio

S/P and is independent of the plastic volume 
change. It is given to a close approximation

(1 - K / \ ) (4)

by the relationship between q/p and ( e ) v from 
an undrained triaxial test. Hence the total 
increment in shear strain for a given small 
change in q and p is

5c = (sOg/p + ( S e ) v • In many problems 
involving relatively large changes in p the 
second component can be neglected. It must 
be emphasised that equations (5) and (6) only 
apply for stress changes that cause the soil 
to yield. To a first approximation this will 
be the case provided the stress increment is 
not directed inside the undrained stress path 
(see Fig.l).

2.2 COMPARISON BETVEEN THEORY AND EXPERIMENT 
As mentioned each single-increment test was 
carried out in two stages; first a known 
deviator stress was applied without drainage 
and then drainage was permitted with the 
deviator stress held constant. It has already 
been demonstrated (Fig.2b) that the immediate 
strains due to the undrained stage are in good 
agreement with the 9 - (Ou relationship 
obtained from a standard undralned triaxial 
test.

The strains resulting from the second 
(drained) stage may be calculated given that 
M = 0.9, X = 0.265 and k /~ K = 0.15. First the 
value of p at the start of this stage is 
needed, i.e. the location of point X '  in 
Fig.lb must be found. This is done by 
Betting pe in equation (4) equal to the 
initial isotropic stress (= 345 kN/m® (50 
psi)). The full line in Fig.lb is given by 
equation (4) and agreee well with the observed 
undralned effective stress path. The value of 
p corresponding to the known applied deviator 
stress can therefore be predicted reasonably
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accurately. Equations (S) and (fl) may now 
evaluated by Increasing p In email incre- 
menta with « constant.

The predicted ahear and volumatrlo atralna 
for the single Increment teats are shown aa 
full lines In Figs.4a and 4b and can be aeen 
to be In good agreement with the experimental 
resulta. It la of Interest to note that the 
theory agreea beat with the volumetric 
strains corresponding to 100 per cent primary 
consolidation.

PART Ills DEFORMATIONB BENEATH A STRIP LOAD 
The work described In Parta I and II haa been 
concerned with atresa and strain conditions 
that can be reproduced in a triaxial appara
tus. In practice there are only a few 
problema to which such an axially symmetric 
state of stress and strain is applicable, 
far more uaeful condition Is that of plane 
atraln.

Roscoe and Burland (1968) have extended the 
theory described in Part II to deal with 
general three-dimensional stresB and strain 
condltlona and the special case of plane 
atraln haa been dealt with in detail.
Excellent agreement between prediction and 
observation is obtained from plane strain 
tests by Wade (1963) and from simple shear 
tests by Thurairajah (1961). Recently 
Hambly and Roscoe (1969), employing a new 
biaxial plane strain apparatus, have verified 
the accuracy of the theory in predicting 
strains for a variety of streBS-patha in 
plane Btraln.

In view of their relevance to practical 
problems the plane strain equations will now 
be given. Their application will then be 
illustrated by analysing the deformationB 
beneath a uniform strip load on a thick 
layer of normally consolidated clay.

3.1 EQUATIONS FOR PLANE STRAIN 
In deriving the plane strain equations the 
simplifying assumption is made that k = 0
i.e. ®i>r = 0 and hence Su = . Instead of 
the trlaxial parameters 3,p the more familiar 
parametera t and s may be used for plane 
strain where:

t « (ffi - <rB )/2 and a * (<r±' + ff8' )/2

The corresponding strain increment parameters 
are:
iy i 8et - S e a and Sv = Se± + Se#
Employing theae stress and strain parameters 
Roscoe and Burland (1968) found that, to a 
close approximation, the plane atraln stress- 
straln equations were Identical in form to 
the correapondlng axi-symmetrlc equations 
with the parameter M replaced-by M/^3 and, of 
course, with k  = 0. The plane atraln 
equations corresponding to the trlaxial 
equations (3), (4), (5) and (fl) become respec
tively«

“ ¡571--^“^al....................... (7)

a M8/3
bb = H«/3 + ............................... '

- 15* ’ ♦ '• ); (• > 

■” *  •>■ ■ ■“ •a . / S -K ? . ) »................................< l0 )
The uae of theae equationB la restricted by 
the condition of rupture which, if the Mohr- 
Coulomb criterion is adopted, is:

(t/s)/ = sin <f>'........................ (ll)

3.2 METHOD OF ANALYSIS

To Illustrate the practical application of 
equations (7) to (ll) the vertical and hori
zontal deformations beneath a uniform strip 
load will be evaluated. The load is 6 m wide 
and rests on the surface of a 16 m deep 
normally consolidated clay stratum underlain 
by rock (see Fig.5). For simplicity the soil 
parameters are assumed conBtant over the 
whole depth (except for a 3 m thick crust at 
the top) and are given by C c/ ( 1  + e) = 0.5 
and - 25°. As an alternative to ¥  the 
value of ou/<rv‘ may be uaed since a relation
ship between M and ou/<rvJ can easily be 
derived.

3.2.1 Initial stresses: An expression for 
the coefficient of earth pressure at rest K 0 
can be derived by setting 8y/Su = 1 in 
equation (7) and solving for Ce,/cri,5

K0 = 2/(1 + tf"/3)" - I ................ (12)

Having evaluated the Initial state of stresB 
for a given element of soil the corresponding 
value of 6e can be obtained from equation (8) 
thereby fixing the undrained effective stress- 
path for the element. In Fig.6 the line a AB 
and ZYX represent such patha for two typical 
elements at depths of 4.6 m and 9 m respec
tively.

3.2.2 Stress increment: For present purposes 
It is assumed that the stresses induced by the 
application of the surface load can be 
obtained from elastic theory. Consider first 
the etresses induced in the 9 m deep element 
due to the rapid application of a surface 
pressure of 19.6 kN/mB. The vertical and 
horizontal total stresB Increments are 7.9 kN/ 
m" and 0.2 kN/m8 respectively giving a total 
stress state represented by point W in Fig.6. 
The corresponding effective stress is obtained 
by inserting the new value of t into equation
(8) and solving for a which gives point Y in 
Fig.5. The initial excesB pore pressure is 
represented by the horizontal distance YW.
As drainage takea place thia pore pressure 
dlsslpatea and the effective stress moves 
along path YW reaching W when 100 per cent 
primary conaolidatlon is achieved. The hori
zontal and vertical atralns developed during 
thia process may be evaluated from equations

B U R L A N D

60



D E F O R M A T I O N  O F  S O F T  C L A Y

h
i t n n t t i

I 3m Cr>

u A — L - -

♦'*23e

90m
_Çs.=
1+«

T,w b= 3 9 kN/m3

Fig.5

0 10 20 30 40

S-(0£-C<)/2 kNAn2

Effective stress paths ABS and ZYW for elements at depths of 4.5 m and 9.0 in 
respectively below a uniform strip load of 19.6 kN/m8 intensity applied rapidly and 
then held constant during consolidation

(9) and (10) setting 8t = 0.

In the case of the 4.5 m deep element a 
difficulty ariseB since the elastic stress 
increments give rise to a shear stress greater 
than the undrained strength of the soil,
i.e. the soil is in a state of limiting 
equilibrium within a localized zone. There 
is some evidence to show that the vertical 
stress distribution beneath a loaded area is 
insensitive to the form of stress-strain 
relationship (Hoeg et al (1968), ahd Morgen- 
stern and Phukan (1968)). Hence if it is 
assumed that the vertical stresses are given 
by elastic theory and that the soil is at 
limiting equilibrium then the horizontal 
stresses may be evaluated. The procedure may 
be explained graphically with the aid of 
Fig.5. The undrained shear strength of the
4.5 m deep element is given by the ordinate 
of point B(= 6.8 kN/ma). From the elastic 
theory the total vertical and horizontal 
stresses are 39.6 kN/m2 and 21.2 kN/m* respec
tively. Assuming the vertical stress to be 
correct the horizontal stress must be increased 
to 25.8 kN'/m2 if the undrained shear strength 
is not to be exceeded. The undrained effec
tive stress is therefore given by point B and 
the corresponding total stress by point C.

3.2.3 Predicted deformations: A simple 
computer programme has been written to carry 
out the above procedures and a number of 
loading cases have been analysed. The results 
are plotted in Fig.6 which shows curves of 
applied pressure against consolidation settle
ment, i.e. the immediate settlement is not 
Included. Curve FGH represents the settlement 
obtained by meanB of a simple one-dimensional 
(oedoraeter) analysis. Curve FIJ is obtained 
from the plane strain theory assuming that the 
pressure Is applied rapidly and then held

constant as drainage takes place. The curve 
is terminated at a pressure of 30 kN/m8 which 
is estimated to be the undralned bearing 
capacity approximately. Curve FKL is 
obtained by assuming that the pressure is 
applied so slowly that full drainage is 
achieved at all depths. In Fig.7 are plotted 
curves of lateral strain (after 100 per cent 
consolidation) against depth beneath the 
centre of the loaded strip. The full lines 
relate to the caBe in which the load is 
applied rapidly and the dotted lines to the 
fully drained case.

3.3 DISCUSSION
It can be seen from Fig.6 that at low bearing 
pressdres (a third or less of the undralned 
bearing capacity) the consolidation settle
ments predicted by the plane strain theory 
(line FIJ) are a little larger than those 
predicted by the simple oedometer method; 
the difference being less than 10 per cent. 
This result provides theoretical Justification 
for the use of the conventional one-dimen
sional method for normal building foundations 
on thick beds of normally consolidated clay.
It also helps to explain the apparent success 
of the conventional method - a feature noted 
by Davis and Poulos (1968). As the bearing 
pressure increases the difference between the 
plane strain theory and the oedometer method 
increases; reaching 75 per cent at a pressure 
equal to the approximate undralned bearing 
capacity.

As mentioned, the dotted line FKL in Fig.6 
relates to fully drained conditions, i.e. 
conditions under which no excess pore pres
sures develop. In this case the predicted 
consolidation settlements are lees than when 
the loads are applied rapidly (line FIJ) but 
the difference is never greater than 20 per
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Fig.6 Predicted relationships between bear
ing pressure and consolidation settle
ment for a uniformly loaded strip

cent. It therefore appears that the magni
tude of consolidation settlement is not 
greatly influenced by the speed of construc
tion.

On the other hand the magnitude of the lateral 
strains (see Fig.7) do appear to be influenced 
by the speed at which the load is applied.
When the load is applied rapidly and local 
undrained failure occurs, the maximum lateral 
strains are not sensitive to the magnitude 
of the bearing pressure. The main influence 
of this is the depth to which significant 
lateral strain extends. 'iVhen the load is 
applied slowly (i.e. fully drained conditions) 
the lateral etrains remain localized near 
tne surface but their magnitude Increases 
rapidly as the bearing pressure increases. 
Burland (1967) has analysed the case of a 
rigid strip and although the distribution of 
vertical and lateral strains differs from 
that of a flexible strip the behaviour is 
broadly the Bame.

The analysis described here haB been extended 
to lightly over-consolidated clays and can 
deal with stresses and strains at locations 
anywhere beneath or outside a loaded area.
It can therefore be used to estimate quanti- 
ties Buch as construction pore pressures, 
gain of strength during consolidation and the 
latere1 displacement of piles and abutments 
adjacent to loaded areas.

In Keeping with present methods of settlement 
prediction the analysis outlined in section
3.2 requires a nrevious knowledge of the 
stresses. In order to arply rigorously 
stresa-strain equations of the type described 
it will be necessary to develop new methods 
of continuum mechanics. Finite element 
techniques aopear promising in this respect.

L at er al  st r ai n  parcar r t  

0 5 to

Fig.7 Predicted relationships between
lateral strain and depth for various 
bearing pressures and drainage condi
tions

SUMMARY AND CONCLUSIONS
1. In part I some special triaxial testa on 
normally consolidated kaolin are described in 
which the axial stress is applied rapidly in 
a single increment and then held constant as 
drainage takes place. This loading procedure 
broadly simulates the effective stress 
changes that take place beneath a rapidly 
constructed foundation or embankment.

2. In part II the observed strains from the 
'single-increment' tests are Bhown to agree 
well with the predictions of the stress- 
straln theory described by Roscoe and Burland 
(1968). The good agreement indicates that 
the theory could prove of value in assessing 
soil behaviour beneath foundations and 
embankments on soft clay.

3. The practical application of the theory, 
which only requires a knowledge of C c and i >' , 

is illustrated in part III by calculating the 
long-term deformations beneath a uniform 
strip load on the surface of a thick layer of 
normally consolidated clay. This relatively 
simple analysis has yielded information on 
the vertical and lateral deformation of the 
subsoil for various bearing pressures.

4. Good agreement between the theory and the 
simple oedometer method was obtained for 
factors of safety greater than 3 thereby 
providing theoretical Justification for the 
use of the conventional method for normal 
foundation loads.

5. The theory should be of value in such 
problems as construction pore pressures, gain 
of strength during consolidation and lateral 
displacements beneath and around loaded areas.

6. The theory takes no account of such 
factors as secondary consolidation and quasi
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preconsolidation although these affects could 
ba introduced.
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