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Abstract: Clay is a specific soil type that composed with relatively finer particles usually less than 0.002mm according to most of standard
definitions including the behaviours of cohesive and the clay particles may have different sizes less than 0.002mm and most of occasions the
clay bulk is contaminated with some more coarse particles such as sand and silt even though those particles are comprised in a same deposit
or a same massive body. Most of clay varieties are frequently condign in the advanced technological uses. Therefore, the investigation of the
particle sizes of some of clay and categorization are important tasks in the selection of a clay type for some particular technological
application. The well known methods for the grain size analysis are the wet sieve analysis and dry sieve analysis in order for cohesive soils
and non-cohesive soils as usual. In the existing study, there were anticipated to compare the accuracy of dry sieve analysis results with the
wet sieve analysis results of three different selected clay verities in Sri Lanka. As the experiential works those clay samples were separately
analyzed using a sieve range of 2mm- 0.037mm and pan (<0.037mm) using dry sieve method. Also those clay types were wet sieve analyzed
with respect to the sieve size of 0.075mm. According to dry sieve analysis results the finer portions (<0.075mm) were obtained as ~17%,
~6% and ~16% from clay 1, clay 2 and clay 3. The results of wet sieve analysis showed ~60%, ~37% and ~72% of finer portions
(<0.075mm) in clay 1, clay 2 and clay 3 while the average grain sizes (D50) of them were 0.25mm, 0.27mm and 0.19mm. When comparing
of those results the minimum deviation between wet sieve analysis result and dry sieve analysis result was found from clay 2 which is having
maximum average grain size (D50) while the maximum deviation was observing from clay 3 which is having minimum average grain size
(D50).
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1. Introduction e Secondary stage- Size analysis and classifications of the

separated portions in respectively such as the dry sieve

Clay types have been identified as the specific varieties of soils analysis for the coarse portion and the hydrometer analysis for
because of the uncommon visible and physic-chemical the finer portion.

characteristics of such clay in the comparison of those
characteristics against the common characteristics of abundant soils.
As a physical characteristic, particle size would be a descriptive
parameter based upon the uses of such clays and soils in the
industrial purposes. In the consideration of the analysis of particle
sizes of soils the sieve analysis is the well-known standard method - ;
that used to classify the relevant group of soil such as the clay, required soil type could be used as a reference value as follows [1-
gravel, silt etc. However, based upon experimental activities and 10].

past research experiences, there were defined two standard sieve e Clay— <0.075mm (USCS Standards)

analysis techniques that depending on the particle sizes of the soil

The required critical separation size would be decided by the
researcher based upon the aims and objectives of the research.
Based upon the requirements of the analysis, the relevant standard
sieve size would be selected. In the selection of the critical
separation sieve sizes the standard defined particle size of the

type or the specific soil category as follows [1, 2, 3, 4, 5, 6]. e  Sand - 0.075-4.75 (USCS Standards)
o  Dry sieve analysis- Coarse grained soils such as sand, gravel, The sizes of soils are not the fixed values and it is possible to be
pebbles, cobbles etc. varied in size according to the type of soils based upon a few of

main factors as follows [2-8].
e Wet sieve analysis- Fine grained soils such as clay, silt, ) . )
ultrafine clay etc. e  Weathering conditions (erosion)

According to the methodologies of both wet sieve analysis and dry ~ ®  Climatic conditions such as the temperature, wind, rain pattern
sieve analysis, it is possible to emphasize some important etc.

contrarieties. . -
e  Geomorphological conditions

In the wet sieve analysis technique, the unknown dry soil sample is
separated into a series with respect to know sized while applying an
external vibrational forces through a shaker. In the selection of this ~ Clay is an abundant earth material at around large number of
method, the following primary characteristics of the unknown soil  |ocations in the world including various characteristics from one
type will be considered [4-10]. location to other one. The experimental studies of the accuracies of
those scientific methods for unknown materials are the essential
chapters on the research and development activities.

e  Anthropogenic activities such as the vegetation

e Non-cohesive soil

*  Relatively coarse grained soils In the existing research, there were expected to analyze and
In the dry sieve analysis method, the unknown dry soil sample is ~ compare the status of bot wet sieve analysis and dry sieve analysis
separated as two or more stages as follows. outcomes using three selected different clay types that available in

) ] ) ) three different locations in Sri Lanka.
e  Primary stage- Separation of the coarse portion and the finer

portion of the soil

Usually the unknown soil sample is dissolved in distilled water on a
known size of sieve. The critical separation size would be the size
of used sieve.
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2. Materials and Methodology

The representative clay samples were collected from three different
locations of Sri Lanka and the collected clay types were nominated
using the names that based on their typical uses and origin. A brief
description about such clays is given in the Table 1.

Table 1: A brief description of the selected clays

General
Clay Type Uses Collected Area Characteristics
Cohesive clay,
. reddish brown
A?E:hlgl (il)ay Not recorded Matale and relatively
Y finer grained
clay
Less cohesive
Brick Clay S clay, brown and
(Clay 2) Brick industry Maduragoda relatively coarse
grained clay
Much cohesive
- . clay, yellowish
s | Wy | omows | o
y y relatively finer
grained clay

The representative portions of the collected clay samples are shown
in the Fig.1.

Fig. 1. (a) Roof tile clay (b) brick clay and (c) anthill clay

2.1. Dry Sieve Analysis

Some representative portion of each clay type was selected and the
selected clay portions were oven dried for 24 hours under the
temperature of 110°C based upon the purpose of the removal of
water content/moisture content from the clays.

Fig. 2. Drying oven

The dried clay samples were separately crushed using a ceramic
crucible based upon the purpose of the breaking of clogs of clay
particles. In the crushing, it was not used any of high performance
comminution machinery such as the ball mills, crushers etc. Each
clay sample was weighed using an analytical balance.

The crushed dry clay samples were separately poured on to a flat
surface and the final representative clay sample from each clay type
was selected using coning and quartering method as shown in the
Fig.3.

Fig. 3. Coning and quartering method

Coning and quartering method is a well-defined sample selection
method from a large portion which is applicable for the solid
materials such as soils, powdered minerals etc.

The selected representative clay samples were separately analyzed
using a set of standard sieves and relevant equipment as shown in
the Fig.4.

Fig. 4. Sieve set and sieve shaker

After 10 minutes shaking period, the retained clay weight of each
sieve was measured an analytical balance. The particle size
distribution curve was plotted with respect to each clay type based
upon the observed data [1-6].

2.2. Wet Sieve Analysis

The representative clay samples were prepared using the same
methodology except the step of crushing. Each representative clay
sample was weighed using an analytical balance.

Each representative clay sample was washed on sieve in the size of
0.075mm using distilled water as the finer portion is washed out and
the coarse portion is remaining on the mesh. The remained coarse
portions were oven dried for 24 hours under the temperature of
110°C and each of dried coarse portions was weighed using an
analytical balance [5-10].
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E

Fig. 5. 0.075mm standard sieve

The dried coarse portion was dry sieve analyzed using the same
methodology that discussed in the previous chapter and the finer
portion was sent for the hydrometer analysis.

3. Results and Discussion

The dry sieve analysis results of anthill clay are shown in the Table
2.

Table 2: Dry sieve analysis results of anthill clay
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The particle size distribution curve of anthill clay is shown in the
Fig.6.
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Fig. 6. Particle size distribution curve of anthill clay

According to the above graph the average particle diameter (D) of
anthill clay was recorded as

The wet sieve analysis results of anthill clay are shown in Table 3.

Table 3: Wet sieve analysis results of anthill clay

Aggregates Weight

Percentage (%0)

Coarse Aggregates (>0.075mm) ~40

Finer Aggregates (<0.075mm)

The dry sieve analysis of the coarse portion of anthill clay are
shown in the Table 4.

Table 4: Dry sieve analysis results of the coarse portion of anthill clay

Sieve Size (mm) We;gzrt] ;?:Siené (; on wpeeig(r:lin:;%?ncgd
(%)

2 0.01 0.04
1.18 0.71 2.95
0.59 7.92 32.89
0.42 3.26 13.54
0.25 4.99 20.72
0.15 41 17.03
0.075 2.89 12.00
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<0.075 (pan) 0.2 0.83

When comparing of both wet sieve analysis and dry sieve analysis
results of anthill clay, there were observed the great difference in
the results for the finer portion (<0.075) in both dry sieve analysis
and wet sieve analysis results. According to the dry sieve analysis
method (experimental method), it was observed ~ 17% of finer
portion with respect to the weight since the more accurate value was
observed as ~ 60% under the wet sieve analysis method (well
defined method for clays). In addition, that the soils weights which
were retained in other sieves showed the dissimilarities in both dry

sieve analysis and wet sieve analysis methods [1,2,3,4,6,10].

The dry sieve analysis results of brick clay are shown in the Table

5.

Table 5: Dry sieve analysis results of brick clay
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The particle size distribution curve of brick clay is shown in the
Fig.7.
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Fig. 7.

According to the above graph the average particle diameter (D) of

brick clay was recorded as

Particle size distribution curve of brick clay

The wet sieve analysis results of brick clay are shown in Table 6.

Table 6: Wet sieve analysis results of brick clay

Aggregates

Weight
Percentage (%0)

Coarse Aggregates (>0.075mm)

Finer Aggregates (<0.075mm)

~37

The dry sieve analysis of the coarse portion of brick clay are shown

in the Table 7.

Table 7: Dry sieve analysis results of the coarse portion of brick clay

Sieve Size _We|ght Percentage of weight
(mm) retained on retained (%)
each sieve (g)

2 1.94 5.13
1.18 1.94 5.13
0.59 7 18.51
0.42 3.71 9.81
0.25 7.45 19.70
0.15 8.57 22.66

0.075 6.53 17.27
<0.075 (pan) 0.68 1.80

In the comparison of both results of wet sieve analysis and dry sieve
analysis of brick clay, there were obtained ~6% of finer portion
under the dry sieve analysis and ~37% of finer portion under the
wet sieve analysis method. Also there were observed the
dissimilariites in between the results of wet sieve analysis and dry
sieve analysis of brick clay with respect to each sieve size [1-8].
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The dry sieve analysis results of roof tile clay are shown in the
Table 8.

Table 8: Dry sieve analysis results of roof tile clay
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The particle size distribution curve of roof tile clay is shown in the
Fig.8.
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Fig. 8. Particle size distribution curve of roof tile clay

According to the above graph the average particle diameter (D) of
roof tile clay was recorded as

The wet sieve analysis results of roof tile clay are shown in Table 9.

Table 9: Wet sieve analysis results of roof tile clay

Aggregates Weight
Percentage (%0)

Coarse Aggregates (>0.075mm) ~28

Finer Aggregates (<0.075mm) ~72

The dry sieve analysis of the coarse portion of roof tile clay are
shown in the Table 10.

Table 10: Dry sieve analysis results of the coarse portion of roof tile

clay
Sieve Size (mm) Weight_ retained ~ Percentage of
on each sieve (g) weight retained (%6)

2 0.35 2.14

1.18 0.28 171
0.59 2.61 15.98
0.42 1.07 6.55
0.25 2.1 12.86
0.15 3.57 21.86
0.075 4.62 28.29
<0.075 (pan) 1.73 10.59

In the consideration of the observed values for the finer portions
under both wet sieve analysis and dry sieve analysis methods, there
were obtained ~16% of finer percent under the dry sieve analysis
method and ~72% of finer percent under the wet sieve analysis
method. When considering the relevant results for other sieve sizes
there were observed the variations as usual [1, 2, 3, 4, 5, 7, 8].
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Table 11: Deviations of results for the finer portion both wet sieve
analysis and dry sieve analysis

Finer Finer
Portion in Portion in Deviation Average
Clay Wet Sieve Dry Sieve (%) Grain Size
Analysis Analysis ° (Dso)/ mm
(%) (%)
Anthill Clay N N N
(Clay 1) 60 17 43 0.25
Brick Clay N N N
(Clay 2) 37 6 31 0.27
Roof Tile
Clay ~72 ~16 ~56 0.19
(Clay 3)

In the comparison of the values in above table, there can be
identified some correlation between the average grain size (Ds) of a
soil/clay and the deviations of the results for the finer portion of
particle according to the weight that obtained under both methods of
wet sieve analysis and dry sieve analysis. Usually it is possible to
expect some relatively higher deviations of such results with respect
to the soils/clays that having lower average particle size (Ds) [2, 3,
4,5,6,8].

The dry sieve analysis method would be a common method to
analyse both coarse soils and finer soils although that there might be
consisted some errors in results that obtained under the dry sieve
analysis method for finer soils such as the clays. However, the dry
sieve analysis method can be used for both coarse soils and finer
soils to have some approximate conception on the soil/ clay and it is
possible to detect the requirement of wet sieve analysis method for
such soil/clay type by referring the average grain size (Dsp) value of
such soil/clay which is determined under the dry sieve analysis
method while comparing of that value with the standard or
experimental reference values for the soil classification in particle
size [1-6].

In the dry sieve analysis of finer soil verities, it is better to perform
the experiment with relatively lower weight of soil samples because
in the existing research there were found some experimental errors
in the continuing of sieve analysis with respect to intermediate
sieves when the sample was too large.

267

4. Conclusion

In the considerations of the major outcomes of the wet sieve
analysis and wet sieve analysis methods of three different clay
types, mainly there were observed some higher deviations (errors)
based on the results that obtained under both wet sieve analysis and
dry sieve analysis methods for the finer portions of clay according
to the weights. When comparing those deviations with the average
grain sizes (Dsp) of clays, there were seen the important correlations
between the experimental deviation and average grain sizes (Dsg) of
clay because the experimental deviation was relatively lower in
coarse grained clays/soils with relatively higher in average grain
sizes (Dxg).
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