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SW ELL PRESSU RE M EA SU RED  BY U N I - A N D  TRI A X I A L T ECH N I Q U ES
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SYNOPSIS In view of the limitations of the one dimensional consolidometer technique for the measurement of swelling po­
tential of an active clay, it was endeavored to use the results of measurements by a triaxial technique for correlating theoreti­
cally and experimentally the swell pressures obtained by both techniques. The theoretical comparison of the effective all 
round pressure obtained by a triaxial device with the vertical effective pressure obtained by a consolidometer device yielded 
a simple expression for the ratio of these pressures, involving (Ko)g and Skempton's A coefficients. This expression was 
examined in the light of experimental results available on a particular Israeli clay and found to comply fairly well with them . 
For the particular clay examined it was found that for a practical range of placement conditions the average ratio of all round 
swell pressure to the vertical swell pressure measured by a consolidometer is approximately equal to 0.9, varying in a range 
of 0.63 to 1.15, depending on the initial dry density.

INTRODUCTION

The one dimensional consolidometer technique has been 
widely used for the measurement of swelling potential in the 
laboratory ever since it was originally suggested by Holtz 
and Gibbs (1952). This technique has a great number of ad­
vantages, mainly from the viewpoint of simplicity and stand­
ardisation. It suffers, however, from serious limitations 
alnoe In nature the movement of moisture as well as volume 
ohange frequently take place in three dimensions rather than 
the one assumed by the use of the lateral confinement in the 
latter device, the principal stress ratio is affected and pro­
bably does not reflect the actual field conditions. On the 
other hand, the development of equipment for three dimen­
sional measurement of the swelling potential has been hin­
dered by severe technical difficulties. In spite of this, a 
number of reports on studies made on expansive clays using 
three dimensional techniques are available in literature 
(Rengmark and Erlkson 1953; Fost, 1962; Parcher and Ping 
Chuan Lim, 1965) which virtually show different behavior 
of the material under three dimensional conditions.

It is desirable, hence, to compare parameters measured by 
both techniques, with the object of predicting the swelling 
potential of the clay using the simpler technique. However, 
limitations inherent in the types of equipment developed for 
the three dimensional measurements do not make a simple 
comparison possible. A recent study (Baker, 1968) of the 
swelling potential of an Israeli clay using triaxial apparatus 
allowed such a comparison, as it was conducted on the same 
clay and at placement conditions investigated previously 
using consolidometer technique with measurement of the lat­
eral stresses (Komornik, 1962; Komomik and Zeitlen, 
1965;).

This paper deals first with the theoretical relationships be­
tween the pressures measured under the uni- and triaxial

conditions for the same volume change, and later compares 
experimental results obtained in the investigations. At this 
stage the experimental comparison relates to swelling pres­
sures only, as more data is necessary for comparing the 
other factors involved, such as the time and volume change.

In passing, it may be pointed out that although the theoreti­
cal comparison deals with the volume change in compression, 
there is no reason why it should not be applicable also to 
swelling.

THEORETICAL CONSIDERATIONS

Skempton and Bishop (1954) have suggested that for a fully 
saturated soil:

A ct' 
___â
Atf'l ( 1)

where: A a ' is the change in all round pressure required 
to give a volume change equal to that given by a change Actj 
in one principal stress, effective stress changes being con­
sidered, and Sj is a structural parameter.

The volume change under all round pressure conditions may 
be expressed by (Scott, 1965):

= 3 C A it 1 . = 3 C Air 1
V s oct s a
o

(2)

where: C g is the compressibility coefficient under all round
pressure and a 1 = 1/3 (a ' + a ' + u 1 ).

oct 1 2  3
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The volume change under uniaxial compression

(A<T 2 = A<J 3 = ° * iS:

—  =C A ct1 + DAt  =C iff' (3)
V s oct OCt 8 1 3  1
o

where D is an arbitrary coefficient related to dilatancy and

K A S S I F F  a n d  B A K E R

all round and vertical effective pressures as follows:

Toct=i I K - ‘72 )2 + <cv V 2 + <£v V 2

For equal volume changes, hence: 

A ct  1

a = 1 DÎ 2

Act ' 3 9 C
1 s

and combining Eq. (1) and (4) we obtain:

s
d 3 9C

(4)

(5)

But according to Scott (loc.cit. ) Skempton's A coefficient 
may be also expressed as:

A = Î Ï  J>_ + I
9 Cs 3

which means that Skempton's coefficients A and are 
theoretically identical (see also Table I ). Alpan (1968) 
arrived at the same conclusion using a different approach.

TABLE I. Comparison of Typical Values of S . and A
d

Coefficients. (Skempton and Bishop, 1954)

Type sd A

Ideal elastic material + 0.33 + 0. 33

Normally consolidated clay + 0. 75 + 0. 5 to + 1. 0

Haslemere clay, remolded + 0. 80 + 0. 95

Silty clay, undisturbed + 0. 3

Compacted sandy clay + 0. 25 to + 0. 75

Heavily over-consolidated clay - 0.62 - 0. 50 to 0. 0

Brasted sand, medium density - 0. 2 - 0.32

Skempton and Bishop (1954) also suggest that for the uni­
axial consolidation, the volume change may be expressed by:

A V  1
—  = - cc ACTV sdll + Ko (i: - 1)]
AV
“ = - U ACT S . I 1 + K (-

c I d  o u,
o d

whereas for the case of all round pressure:

(6)

Act'

— T = S [ 1 + K - 1) ]
Act \ d o S.

1 d

where K = Act '3/A ct ' But since A ; 
duced to:

(8)

Ŝ  Eq. (8) is re-

A ct'

— a = Ko (1 - A ) + A (9)

the following as-In applying Eq. (9) to swell pressures,
sumptions should be pointed out:

a) The clay at the end of the test is nearing saturation, the 
pore pressure in the sample is approaching zero (since 
it is fed by water from a reservoir under atmospheric 
pressure) and, hence, the swell pressures are effective;

b) The effective stresses during the test remain constant, 
since there is no volume change, while only the pore pres­
sure and the total stress change;

c) The expressions for the volume change are valid for in­
finitely small volume changes and hence may be valid al­
so for the limiting case of zero volume change, which is 
supposedly the condition for the swell pressure test. In 
fact, minor volume changes take place during such a test 
and internal readjustment of structural changes certainly 
occur;

d) Equation (9) should be actually written as follows:

A ct'

= (Ko>s
(1 - A ) + A (10)

where (K0)g is the ratio of Act / A ct ' for a swell pres­
sure test of compacted clay.

e) The coefficient A is a soil characteristic determined aft­
er the soil has reached full saturation.

It is of interest to note, that Skempton (1961) arived at a 
similar expression for the ratio of capillary pressure and 
overburden pressure for London clay. *

COMPARISON WITH EXPERIMENTAL RESULTS

Komornik (1962) and Komornik and Zeitlen (1965) pre­
sented results of welling tests using consolidometer tech­
nique. In their study the lateral pressures were also meas­
ured making thus possible the determination of (K ) under 
various combinations of pressure and percent s we A ,3 includ­
ing zero volume change. Table II summarizes these results 
in terms of the vertical and horizontal swell pressures for 
zero volume change.

AV

V
o

where C

C ct' 
c a (7)

c is the average compressibility. Fcr equal volume 

changes, the combination of Eq. (6) and (7) gives the ratioof

* According to Skempton: 

Pk ‘

2 1 6
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Baker (1968) conducted a study of swell pressures of the 
same clay (w^ = 75%; I = 45%) under comparable place­
ment conditions using tr&xial technique. Table in sum­
marizes these results in terms of the all round pressure 
for no volume change. Table IV presents the ratio of swell 
pressures measured by both techniques as given in the pre­
vious Tables.

TABLE n. Results of Swell Pressure Tests, Uniaxial Technique (Komornik, 1962)

Moisture

content

3
D r y  D e n s i t y  = 1.4 g/cm 1.3 g/cm“* 1. 2 g/cm

3

Q 3
(K ) 

o's ' ’i ' 3
(K )

o s " ’l * 3
<K ) 

o s

% kg/cm2 kg/cm2 - kg/cm2 kg/cm2 - kg/cm2 kg/cm2 -

20 3.3 2.4 0.73 1.20 1.4 1. 15 0.7 0.8 1.14

25 3.3 2.6 0.80 1. 25 1.3 1.04 0. 65 0.75 1.15

30 3.2 2.3 0.72 1.50 1.4 0.94 0.6 0.6 1.0

TABLE m. Results of Swell Pressure Tests, Triaxial Technique (K ) =1.0 (Baker, 1968)
o s

Moisture
Content

Dry Density <T '
a

Moisture
Content

Dry Density <7 '
a

% g/cm"* kg/cm2 %
, 3 

g/cm
2

kg/cm

25.4 1.45 3.70 25.4 1.31 1.4

27.3 1.45 3.40 27.2 1.31 1.3

30.7 1.45 3.25 30.5 1.31 1.25

TABLE IV. Ratio of Swell Pressures from Uni- and Triaxial Techniques

Moisture
Content

Dry Density
^ ’1

Moisture
Content

Dry Density

r 
i 

b
 

>
 

b

% g/cnr* - % g/cm^ -

~ 25 ~ 1.4 1.12 25 1.3 1.12

o«

- 1.4 1.01 - 30 - 1.3 0.84

Analysis of the results presented in the Tables shows that

for the placement conditions of the clay tested:

a. The coefficient of pressure at rest, (K ) ,(as seen from 
Table II), varies between a minimum of 3 .72 and a maxi­
mum of 1.15, generally increasing with the decrease of 
the dry density. An average value of (K ) = 1. 0 ap­
pears reasonable for the placement conditions selected 
for the study.

b. A comparison of the swell pressures obtained by both 
techniques at comparable placement conditions (as seen 
from Table IV)' yields a pressure ratio, a  ' J  a 1 , in 
a range of 0. 84 to 1.12, with an average experimental 
value of approximately 1.0.

If, now, average values of (Ko>s = 1.0 and A = - 0. 25
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(heavily overconsolldated clay) * are Introduced into 

Eq. (10) we obtain for the average ratio of pressures:

a *
^  = (Kq)b (l-A) + A  = 1.0 (1 + 0.25) - 0.25=1.0 (11)

IV AKA SSI FF an d  BAKER

The Authors are Indebted to Prof I. Alpan for his critical 

comments and suggestions.

AC KNOWL E DGE ME N T S

which is in complete agreement with the experimental re­

sults. For obtaining the possible range of swell pressure 

ratios, minimum values of (K ) = 0.75 and A  = - 0.5 and 

maximum values of (K ) = i.*ìi? and A  = 0 were Introduced 

in Eq. (10):
O's

and

<^>max
1. 15

( 12)

(13)

When this range is compared with the experimental range 

(as seen from Table IV) it is recognized that both are in 

reasonable agreement.

CONCLUSIONS

The following conclusions may be derived from the paper:

a. A  general expression relating effective all round and 

vertical pressures valid for compression and swelling is 

presented. In compression this relationship involves K 

and Skempton's A  coefficients.

b. For the ratio of swell pressures measured by a triaxial 

and a consolidometer techniques the expression involves 

(K ) and Skempton's A  coefficients after saturation 

was achieved.

c. The range of the theoretical swell pressure ratio varies 

between 0.63 and 1.15.

d. The expression for swell pressures has been examined 

in the light of tests conducted on a particular clay at a 

practical range of placement conditions and found to com­

ply fairly well with the experimental results.

e. For the particular clay dealt with, it was found that the 

average ratio is approximately equal to 0. 9, varying in

a range of 0. 8 to 1.1, depending mainly on the initial dry 

density.

f. In view of the technical difficulties involved in triaxial 

measurement of swell pressure, it is considered prefer­

able to use one dimensional technique in the laboratory, 

applying the theoretical expression for the determination 

of the swell pressure under triaxial stress conditions.
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