Arastirma Makalesi BAUN Fen Bil. Enst. Dergisi, 20(2), 361-371, (2018)
DOI: 10.25092/baunfbed.486389 J. BAUN Inst. Sci. Technol., 20(2), 361-371, (2018)

Liquid limit determination of various sand clay mixtures by
Casagrande and fall cone test methods

Eyyib KARAKANY", Siileyman DEMIR?

! Kilis 7 Aralik University Faculty of Architecture and Engineering,
Department of Civil Engineering, Kilis.

Gelis Tarihi (Recived Date): 11.04.2018
Kabul Tarihi (Accepted Date): 21.06.2018

Abstract

This study aims to evaluate the liquid limit of various sand-clay mixtures obtained from
both Casagrande and fall-cone test. Two types of clay (bentonite/kaolinite) were
mixed with quartz and fine sand (FS) at mixture ratios of 0%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, and 100% by dry weight. The results indicated that fall
cone penetration was governed by the water content of sand-clay mixtures. Cone
penetration of sand decreased with 30% kaolinite addition whereas then increased
interval between 30% to 100% kaolinite, but for bentonite, it increased from 0% to
100% bentonite content at constant water contents. Different equations between
Casagrande and fall cone tests were proposed for different mixture types. Liquid limit
values for both methods were found to be greater for bentonite-sand mixtures that
kaolinite-sand mixtures.

Keywords: Sand-clay mixtures, fall cone test, Casagrande test, liquid limit.

Diisen koni ve Casagrande deneyleri ile ¢esitli kum-Kil
karisimlarinda likit limit hesaplamasi

Ozet

Bu ¢alisma, hem Casagrande hem de diisen koni deneylerinden elde edilen ¢esitli kum-
kil karisimlarimn ViKit limit degerlerini degerlendirmeyi amaclamaktadir. Iki tiir kil
(bentonit / kaolin) 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, vel00%
karisim oranlarinda kuvars ve ince kum (FS) ile Kuru agwhk¢a karistirilmigtur.
Sonuglar, koni batma miktarmin, kum-kil karisimlarimin su icerigi tarafindan

- Eyylib KARAKAN, eyyubkarakan@ kilis.edu.tr, http://orcid.org/0000-0003-2133-6796
Siileyman DEMIR, demirsuley mann@gmail.com, http://orcid.org/0000-0002-6881-1155

361


http://orcid.org/0000-0003-2133-6796
http://orcid.org/0000-0002-6881-1155

KARAKANE., DEMIR S.

yonetildigini gdstermistir. Kumun koni penetrasyonu % 30 kaolin ilavesine kadar
azalirken, daha sonra% 30 ila% 100 kaolin arasinda artmistir, ancak bentonit igin %
0'dan% 100'e kadar bentonit igerigi \le artmistir. Farkli karigim tiirleri i¢cin Casagrande
ve diisen koni deneyleri arasinda farkl denklemler onerilmistir. Likit limit degerlerinin,
bentonit-kum karisimlar: i¢in, kaolin-kum karisimlarinin - daha  yiiksek oldugu
bulunmustur.

Anahtar kelimeler: Kum Kil karisimlar, diisen koni deneyi, Casagrande deneyi, likit
limit.

1. Introduction

The liquid limit values of the soils are the water content requires making soil liquid. The
increasing water content makes soil from dry state to solid, semi-solid, plastic and liquid
state, respectively. Atterberg [1] described these states and the water contents separating
them. As the soil becomes liquid from solid state, the strength decreases while the
ability to give soil a shape (plasticity) increases. The liquid limit is defined as the
specific water content separates the liquid state from the plastic state. It is necessary to
know the liquid limit value because of the reduction of resistance in the liquid range of
the soil.

The liquid limit values of the soil can be obtained by Casagrande and fall cone test
methods. Casagrande is an experiment to measure the strength of the soil against stroke
of Casagrande apparatus. In the Casagrande experiment, water content corresponding to
25 strokes is regarded as the liquid limit of soil tested. The fall cone experiment is based
on the resistance of the soil against the fall cone penetration. In the fall cone test, the
water content corresponding to 20 mm penetration was accepted to be the liquid limit of
the soil.

There are various studies related to the reference of the liquid limit values found from
fall cone and Casagrande test methods [2-5]. For example, Hrubesova [3] compared the
liquid limit values of loam and sodium bentonite obtained from both fall cone and
Casagrande tests. The results show that the fall cone and Casagrande liquid limit values
are very close for medium plasticity loam, whereas in the sodium bentonite experiments
liquid limit values from Casagrande test are higher than those from fall cone test.
Chistaras [2] showed that the liquid limit values found in the fall cone test method are
slightly higher than those examining by Casagrande test. Spagnoli [4] also concluded
that the fall cone liquid limit was slightly higher than the Casagrande liquid limit in
experiments performed on kaolinite and illitic clays. A similar result obtained from Di
matteo [5]. Shinavi [6] stresses that the two methods gave very close values in the test
method on clayey soils (Figure 1). The liquid limit values found in the fall cone test are
higher than the Casagrande test, as evidenced by the literature results [2, 4, 7].

In this study, two different clays having different plasticity values (bentonite and
kaolinite) were mixed with sand with mixture ratios ranging from 0% to 100%. Two
different sands (quartz and fine sand) were used for each mixture. The liquid limit
values of the mixtures are compared with both the Casagrande and fall cone test
methods. Different formulas have been proposed for mixtures of sand with kaolinite and
bentonite clay.
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Figure 1. Liquid limit values comparison for fall-cone and Casagrande experiments [6].

2. Materials

Bentonite and kaolinite were mixed with two different sands with mixtures ratio ranging
among 0% to 100%. The chemical analysis results of these commercially available
materials are given in Table 1. The specific gravity of quartz was found to be 2.65.
Some geotechnical properties of quartz sand along with sieve analysis is given in Figure
2. Two types of clay used in the experimental study are commercially available
bentonite and kaolinite. The mixtures were dried in the oven for 24 hours at 105°C
before mixing. In Casagrande test, according to ASTM D4318 [8], the samples were
dried and a sample was taken from all the mixtures and sieved through No.40 sieve
(0.425 mm). The liquid limit of the mixtures was determined as the water content
corresponding to 25 strokes. Fall cone tests were carried out according to BS 1377 [9]
using a British fall cone apparatus. Water content corresponding to 20 mm penetration
is recorded as the liquid limit of the specimen.

Table 1. Chemical analyses of materials used during this study.

Minerals | Bentonite (%) | Quartz (%) | Kaolinite (%)
AZ 7.5 0.2 0
SiO, 71 99.2 47
AL,O3; |14 0.5 32
FE,Os |0.7 0.03 0.6
TIO, 0.05 0.02 0.8
CAO 1.1 0.02 0.6
MGO 3.2 0.02 0
NAO |0.25 0.1 0
K>0 1 0.02 0
Lol 0 0 13
SO3 0 0 0.3
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Figure 2. Particle size distribution of quartz sand.

3. Results and discussions

The fall cone test seems to offer a more accurate and reproducible method for
determining simultaneously both the liquid and plastic limits. Shimobe [10], proposed
the simultaneous determination of these consistency limits termed the ‘extended fall
cone method using the various cone types, and verified its validity based on
experimental data with a wide range of soil type and plasticity. According to this
method, the relationship between cone penetration d and water content w is given in
terms of a power trend line function transformed to fall cone penetration - water content
(logto log) graph plot as;

After each regression analysis as equation 1 was performed to mixtures in fall-cone
penetration-water content graphs, the liquid limit and plastic limit values were estimated
using equations 2 and 3. The fall cone liquid limit (w_c) and the fall cone plastic limit
(wpc), are obtained from equation 1 and penetration values corresponding to d =20 mm
and dp . =2 mm, respectively.

w, = Cy* (20)F 2)
wpe = Co * (2)° ©)
Figure 3 and figure 4 shows the fall cone penetration - water content relationship
obtained fromequations (2) and (3) based on the recent experimental results.

Fall cone penetration-water content relationship is shown for quartz- kaolinite and

guartz-bentonite mixtures in Figure 3a and Figure 3b, respectively. Figure 3a shows that
the penetration values are reduced up to 30% kaolinite content, beyond this content it is
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increased at constant water content. This behavior indicates that threshold fines content
(FCy) is encountered in the fall cone experiment. FC; can be defined as the content of the
fine grain that changes the behavior of the soil. The case for fine content smaller than
FCy; sand grains contact points manages the main behavior of mixtures [11]. The case
for fines content exceeds to FC; clay particles governed the main behavior of mixtures.
In this study kaolinite and bentonite considered as fine materials and quartz also
considered as a coarse material. In bentonite-quartz mixtures (Figure 3b), the bentonite
additions decreased the penetration values of mixtures at a constant water content.

1000 . o
0 100% Quartz m Quartz with 10% Kaolinite a)
A Quartz with 20% Kaolinite * Quartz with 30% Kaolinite
Quartz with 40% Kaolinite o Quartz with 50% Kaolinite
x Quartz with 60% Kaolinite x Quartz with 70% Kaolinite
A Quartz with 80% Kaolinite © Quartz with 90% Kaolinite
0100% Kaolinite
100
S
)
c
3
c
o)
(&)
1
210
=
1
1 10 100
Cone Penetration, d (mm)
1000

—=100% Quartz — Quartz with 10% bentonite b)
= Quartz with 20% bentonite  Quartz with 30% bentonite

x Quart with 40% bentonite = Quartz with 50% bentonite

o Quartz with 60% bentonite x Quartz with 70% bentonite

a Quartz with 80% bentonite - Quartz with 90% bentonite

o 100% Bentonite

S ﬁ//?//é

=
o

Water content (%)
\\\
|

1 10 100
Cone Penetration, d (mm)

Figure 3. Variation of penetration with water content for the a) quartz with various
kaolinite, b) quartz with various bentonite.
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Figure 4a, 4b shows water content-penetration relation of FS-kaolinite mixtures. The
mixture with %100 bentonite has lowest penetration value at constant water contents. In

addition, both figures indicated that FC; seems to be 10% of clay.
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Figure 4. Variation of penetration with water content for the a) fine sand with various
kaolinite, b) fine sand with various bentonite.

In this research, the liquid limits were determined using equation 2. The important
factors affecting the Atterberg limits of soil are grain-size distribution of soils, clay
shapes, specific surface area, bentonite-kaolinite content. Figure 5 shows the variation
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of the liquid limit values with bentonite and kaolinite additives. As can be seen clearly
from the figure, the liquid limit increases as the clay content increased. This result has
also been observed by many studies [12, 13]. This behavior is reasonable due to an
increase of fine grains with the addition of clay particles. Liquid limit estimate as a
function of kaolinite and bentonite content regressions were given in Figure 5. When
the granular material increases, the wy_ decreases. From the Figure 5, it is also clear that
mixtures including quartz has the greater water content that those including FS at a
constant bentonite/kaolinite content. This behavior proves that water adsorption of
quartz particles are higher than FS.
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Figure 5. Liquid limit values as a function of clay content.

It is clear in the literature that close relationships observed between the fall cone and
Casagrande experiments [2-5]. The liquid limit values obtained from the fall-cone and
the Casagrande test are compared in Figure 6. In this study, a close relationship was also
observed for samples tested. The regression analysis having the high coefficient of
determination (R?) values were found as follows;

w,c = 0.961+w, +0.3017 (R¥0.838) (4)
w,c = 0.8014* w, +11.251 (R*0.9854) (5)
w,. = 0.8122% w, +4.73 (R¥0.9593) (6)
w,. = 0.8555* w, +4.325 (R 0.9601) 7)

Testing results clearly showed that Casagrande liquid limit values are higher than fall-
cone liquid limit values for quartz-bentonite mixtures. This could be higher plasticity of
bentonite. The similar results were seen in the several researches. For instance,
Hrubesova [3] compared the liquid limit values of loam and sodium bentonite obtained
from both fall cone and Casagrande tests. Their results showed higher liquid limit
values in Casagrande test than the fall cone test in the mixtures including high plastic
sodium bentonite. As for mixtures with kaolinite generally, fall cone liquid limit found
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to be greater than those with bentonite. As a similar result, Spagnoli [4] concluded that
the fall cone liquid limit was slightly higher than the Casagrande liquid limit in
experiments performed on kaolinite and illicit clays. As a result, both Casagrande and
fall-cone test showed close relationships whereas there could be a little different
depending on plasticity values of materials. In the literature, many studies found that
close reasonable relationships for both test methods [2, 4, 7]. At similar clay contents,
the variation of the liquid limit values was obtained for different sand-clay mixtures.
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Figure 6. Comparison of liquid limit values obtained from both Casagrande and fall
cone test for two types of clay (kaolinite, bentonite) with a) quartz, b) fine sand.

At present the liquid limit and the plastic limit of soils are determined by two
completely different methods. Many studies had been done to determine the plastic limit
indirectly from the fall cone tests [15-16]. If fall cone tests were to be available for the
plastic limit as well as the liquid limit, then the two tests might become easier, more
useful and more meaningful mechanically. Figure 7 shows the comparison of plastic
limits determined by conventional and fall cone methods. According to this figure,
through the correlation of fall cone plastic limits has a little scatter in comparison with
the case of conventional plastic limits. The equation was found to be as follow;

W,c=1.0009,-3.1889 8)
The results were found to be consistent with the literature [10-14].
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Figure 7. Comparison of plastic limits by the conventional and fall cone methods.
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As an index that represents the state quantity of soils at present, a liquidity index I, has
been often used. The liquidity index I_c determined from the extended fall cone test of
soils is uniquely related with the cone penetration through equations (1) to (3) as
follows;

() (e
ILC — ML LL (9)
122y’

apL
arL

In this study, the average value of the =0.30 is found. Therefore, in case of using fall
cone, equation (9) is given as;

— 20

(1)0.3_(0.1)0.3
ILC - 1-(0.1)03

(10)

Figure 8 shows the relationship between cone penetration and liquidity index of soils,
based on large number of data obtained by the researchers. As a result, it is understood
from this figure that a unique log d-I.c relationship of soils exists in irrespective of soil
type, testing apparatus and operators.
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Figure 8. Relationship between cone penetration and liquidity index of soils.

4. Conclusions

In many countries, the fall cone test has been recommended as a definitive method than
the Casagrande method for determination liquid limit. Moreover, according to many
experimental studies, it was reconfirmed that the fall cone test can be used to calculate
the plastic limit. From a large number of experimental results, it is concluded that fall
cone test is a simple and reliable soil classification test for simultaneous determination
of both liquid and plastic limits.

In this study, quartz was mixed with kaolinite and bentonite clays at various ratios. Fall
cone and Casagrande experiments were performed on the mixtures and the liquid limit
values obtained from them were compared. The following conclusions can be drawn in
the present study;
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In the fall cone test, the penetration values are clearly governed by the water
content.

In the Fall cone experiment, the kaolinite ratio increased penetration up to 30% and
then decreased afterwards. Howewver, bentonite contents are continuously
decreasing the penetration values.

As both kaolinite and bentonite content increases, the liquid limit of the mixtures
increases, whereas the liquid limit value of mixtures containing bentonite is higher
than those containing kaolinite clay for a constant sand ratio.

The liquid limit values obtained from the fall cone and Casagrande tests are
consistent and close to each other. For quartz sand mixed with kaolinite and
bentonite, formulas between fall cone and Casagrande liquid limit values are
proposed.

As a result, the fall cone test is more useful and powerful tool for the practical soil
classification test.
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