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ABSTRACT :
The liquid limit is widely used for the classification of soils. This limit

has been comrelated with mwﬁmummufmﬂsmhushw

strength, consolidation, swelling potential, and permeability These
correlations could be rationalized if the liquid limit is accurately determined.

Casagrande method is commonly used and standardized worldwide for
determining liquid limit of soils. The cone penetrometer is the British standard
preferred method for determining this limit. The cone method has not been
adopted yet by any of the Amenican standards but it 1s recently adopted in the
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Egyptian code (1992). In this study, the liquid limit tests using the two
methods were carried out on (50) soil samples of different types. The sois
were brought from different areas in Egypt and U.S.A. The results obtamned
from the B S. cone penetrometer tests compared well with those obtained by
the classic and most widely used Casagrande method. It was noted that the
Correlation cocflicient was verv high and a linear relationship was
obtained. It is concluded that the B.S. cone penelrometer test is a simple
and easy method for determining the liquid limit of a soil and it is preferred
over Casagrande method.

INTRODUCTION

The liquid limit is widely used for the classification of soils. Thus limit
has been correlated, empirically, with different engineering properties such as
shear strength, consolidation, swelling potential, permeability, ect. (AASHTO
T 258-81: Bowles, 1984, Carter and Bentley, 1991, Hanson, 1988,
Mulunthan, 1991 and Chen, [988). These correlations could be rationalized
if the liquid limit is accurately determined.

Casagrande (1932) developed a method for liquid limit determination.
This method is commonly used and standardized worldwide (e.g. AASHTO T
89-90; ASTM D 4318-84: B.S. 1377-1975 and the Egyptian code-1992). The
cone penetrometer has been standardized by the British standards. Institution
in B.S 1377-1975 and recently adopted by the Egyptian code (1992).
However, the cone method has not been adopted yet in the American
standards (ASTM and AASHTO).

In this study the results of the liquid limit tests obtained by cone
penetrometer method was compared to those of the most widely used
Casagrande method.

REVIEW OF PREVIQUS WORK
Casagrande Method

The liquid limit of a soil, determined according to this method, is the
water content at which the two parts of a soil cake in the cup of the apparatus
come into contzct (flow) at the bottom of the groove along a distance of about
13 mm, when the cup is dropped 25 blows from a height of 10 mm at the rate
of two revolutions per second.




Mansoura Engneering Journal, Vol 20, No. 4,Dec. 1995 c3

Bowles (1984) pointed out that the Casagrande apparatus has some
limuations that affect repeatability (single operalor) and reproducibility
(multi-laboratonies) for the liquid lunit. These limitations are -

1- Adjustment of liquid device 1o obtam 10 mm height of drop of the cup.
Small dewiations from 10 mm may affect the value of liquid limit as much
as 10 ponts.

2- Controlling the quantity of soil in the cup of the device. AASHTO
T89-90 recommended that sufficient quantity of soil cake shall be placed
in the cup. The soil shall then be leveled and at the same time tnmmed to
a depth of 10 mm at the pomt of maximum thickness (above the spot
where the cup rests on the base).

3- The hardness of the rubber base, on which the cup impacts. Inthe B.S.
1377-1975 a rubber base with specified hardness and resilience is
recommended.

In addition to the above mentioned limitations it was observed that in
using the manually operated Casagrande apparatus the rate of revolution (two
revolutions per second) s difficult to be mamntained and requires a well
traned operator. This also affects the results significantly. One may overcome
this problem by using a motonzed apparatus while the inanually operated one
is still in use in many laboratories.

In the B.S. 1377-1975 Casagrande method 1s the accepted procedure to
determine the liquid limit of a soil providing that the device is corectly
maintained and the test procedure is strictly adhered. But in this standard it is
mentioned that “Experience has shown that it is difficult 1o maintain the
apparatus in accordance with the standard and the results are subject to
Judgment of the operator”.

Cone penetrometer method

This method is a British standard method for determining liquid limit of
soils (B.S. 1377-1975). The penetrometer apparatus 1s the one used for
detenniming the penetration of bituminous materials, it is desenibed in
BS 4691-74; AASHTO T49-89 and ASTM D5-86 The apparatus was
modified, at Mansoura University, by replacing the needle with a 31¢ cone,
the cone 1s made from machined stainless steel with smooth, polished surface.
It has 2 length of 35 pun and a mass of 33 gram, the total mass of the cone
and its shiding shafl is 80 gm. Figure (1) shows the used apparatus.
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According to this method a metal cup Approximately 55 mm in
diameter and 40 mm deep is filled with soil paste. The cone lip is lowered so
that it just touches the soil surface. The cone shall then be released for a free-
fall mto the soil for a period of 5 seconds, the apparatus is provided with an
automatic controller, and thereafter the penetration depth is recorded. The
liquid limit 15 defined as the moisture content corresponding to 3 cone
penetration of 20 mm, therefore several trials, at least four, at different water
contents on both sides of 20 mm penetration are used to construct a linear
relationship plot between motstare content against the cone penetration

In the B.S. 1377, the cone penetrometes 15 preferred to the Casagrande
apparatus as the cone method is simple and gives better repeatability and it is
applicable to a wader range of Soils. “The cone peneirometer apparaius is
easier (o maintain in correct adjustment and the test procedure is less
dependent on judgment of the operator”.

Houlsby (1982) found that the surface roughness of the cone
significantly affects the liquid imit. He recommended that the cone surface
should be smooth and it can be used either dry or lightly oiled before use

Experimentati
In this investgation the manually operated Casagrande apparatus and
the cone penetrometer which fitted with an automatic refease and locking
device were used in the hguid limit tests. The procedures followed were those
givenin B.S 1377 (1975), AASHTO T 89-90 and ASTM D 4318-84.

The liguid limit tests were carried out on (50) soil samples from
different areas in Egypt and U.5 A (Dakahlia, Dimiatta, Port Saaid, Gharbia,
Sharkia, New Valley, Faioum, Beheera, Mimia, Kafr El-Sheikh and Arnizona).
Furthermore, 2 wide range of soils, (e.g silty clay, clayey silt, loam, and
sandy clay, ect) has been used i the study The soil samples were awr dried
and the tests were performed on the materials passing 0.425 mm (No. 40)
steve,

The test results obtained from the two methods were statistically
correlated. The regression analysis was done by using a statistics package
(STATGRAPHICS). This is shown in figure (2).
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The following relationship (linear model) was adopied -
LL. =2, +a, (LLy)

- L.L, is the liquid limit obtained from Casagrande method.
- L Ly is the liquid limit obtained from cone penstrometer
- ag and a, are the mode! constants.

LL, =075 + 0987 (LLy)

Standard error of estunate (S)) =+ [ 170+ 0027 (L L) ]
Correlation coeflicient = (1982
R - Squared =96 5 percent.

It was noted that comrelation coefficient was very high for the linear
correlation which indicated that the liqud limit results obtained from B S.
colie penelrometer were comparable to those obtamed using the Casagrande
method, In most cases the differences were shight, less than 3%, and not
significant if we consider the differences n repeatability and reproducibility
of ligud limit values when determined using the Casagrande apparatus.

Conclusions

The liquid limit vaiues obtained by using the B.S. cone compared well
to those obtained by the classic and most widely used Casagrande method
There are insignificant differences between the results obtained using both
methods, these deviations would be smaller than the normal vanations likely
10 be obtained when using the Casagrande method.

The B.S. cone penetrometer test proved lo be a simple and easy
method for determinmg the liquid limit of a soil. Also the B.S. method s less
dependent on the operator judgment Therefore the B.S. cone penetrometer
inethod would be preferred over the Casagrande one.




e T m—

T T

Cbt

'EA El-Sekelly

REFERENCES
- AASHTO Designation: T 89-90 "Standard method of test for determining

the liquid limit of soils" standard specifications for transportation
materials and methods of sampling and testing, part II, 15 th
edition, 1990

2. AASHTO designation: T 258-81 (1990) “Standard method of test for
detenmimng expansive soils” standard specifications for
transportation matenals and methods of sampling and testing,
part I1, 15 th edition, 1990.

3- AASHTO designation’ T49-89 " Standard method of test for penetration of
bituminous materials” standard specifications for transportation
materials and methods of sampling and testing, portIl, 15th
edition, 1950.

4- ASTM D 4318-84 "Test method for liquid lumit, plastic lumit and plastcity
index of soils”" 1990 Annual book of ASTM standards, Volume
4 08, soil and Rock

5- ASTM DS5-86 “"standard tes! method for peneiration of bituminous
malerials” 1988 Annual book of ASTM standards Volume 4 03,
Road and Paving Matenals

6- Bowles, J E, (1984) "Physical and Geotechnical propenies of soils” 2ud
MeGraw-Hill Book Company, pp. 121-123.

7- BS 1377 (1975) "Methods of test for soils for civil engimeering purposes”
Briush Standard Institution, London.

8 B.S 4601 1974 "Delermination of penetration of bituminous materials "
Bnitish Standard Institution, London,

9- Canter, M. and Bentley, S.P. (1991). “Correlations of soil properties”
Pentch Press, London

10- Casagrande, A, (1932), Research on the Atterberg limits of soils, public
roads Vol 13, No. 8, pp. 121-136.

1~ Chen, F.H (1988). “Foundation on expansive soils” Elsevier publ. Co.
New York

12- Egyptian code for soil mechanics and foundation engineering (1992)
“Laboratory tests® Pat 2 Mistry of Housing and
Reconstruction, Cairo,




Munsosia  Engineering  louwnml  yo1 20 No 4 Dee . 1095

1%

b Hamson, JA (1988 “Usmg the BS cone penefiometer for the
determunatica of the plastic limmit of soils™ Geoteclungue 38 No_ 1
pp 433438

14- Houlsby, G.7T (1982). "Theorctical amnlyms of the [bll conc icat®
Ceotechmaue 32, Mo 2pp 111-118

15- Muhunthan, B. (1991} “Liquid limst and surface area of clays’

Geolechmgque 41, No. [, pp 135138

FIGURE (1): Cone penetrometer used [og

the determination of the liquid
lmat of soils
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FIGURE (2): Comelation between fiqud limit values obtained from
Cosagrande and B S. cone penetrometer methods.
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