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Abstract

Brick making machines play a pivotal role in the construction industry. This is because of the indispensable
role ceramic brick plays in the modern day building Construction, especially in the advanced cities and
even the developing Nations like Nigeria. In order to enhance adequate supply to both urban and rural
consumers, the production of a ceramic brick moulding machine is important. Though, availability of
materials for the machine is more important. This paper presents the characterization of clay materials for
use of a ceramic brick manufacturing plant in Ekiti State, Nigeria. Originally mud bricks were used and
they were made by human hands manually, today, the process of brick making has become much easier with
emerging technologies and discoveries, using brick making machines. Bricks are produced in a very easy
and faster rate. The brick making machine is available in different varieties. Providing adequate housing
requires continuous research and investment especially in appropriate technologies that reduce the cost of
construction and the cost to the environment. Ceramic brick production is one of such appropriate
technologies. Soil samples were collected from the borrow pits within the three geopolitical zones in Ekiti
State. The three zones are; Ekiti North, Ekiti South and Ekiti Central. Samples were taken from Ire Ekiti and
Isan EFkiti to represent Ekiti North, Ikere Ekiti for Ekiti South and Ado Ekiti for Ekiti Central. Preliminary
geotechnical tests were conducted to determine the engineering properties of the soils so as to determine the
best sample(s) or to know whether ceramic blocks can be produced in all the zones. The soil samples were
tested in order to know their performance characteristics, compressive strength, density and water
absorption. The results from the study show that the soil samples consist of varying proportions of mineral
compositions which form baseline data with regards to the characterization of clay samples. The study
revealed that Isan clay remains the best material with highest Plasticity Index (PI) of 22.34, Linear
Shrinkage (LS) of 7.14 % and Average moisture content (AMC) of 22.66.
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I. Introduction

The development and performance evaluation of a ceramic brick production plant is a crucial area
of research and innovation in the construction industry. Ceramic bricks are widely used as building
materials due to their superior properties such as high strength, durability, thermal insulation, and fire
resistance. The establishment of a ceramic brick production plant can contribute to the economic growth of
a region by reducing dependency on imported bricks, cement blocks and creating employment
opportunities. (Garcia, 2020). In recent years, there has been a growing emphasis on sustainable
construction practices and the utilization of locally available resources. The development of a ceramic brick
production plant aligns with these objectives by reducing transportation costs and carbon emissions
associated with importing bricks from distant locations. Additionally, it promotes the use of indigenous raw
materials, which can enhance regional economic development and reduce reliance on imported materials or
plant. Several studies and research projects have been conducted to explore the development and
performance evaluation of ceramic brick production plants. For instance, a study by Smith ez al. (2019)
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investigated the influence of different raw material compositions on the mechanical properties of ceramic
bricks. They identified optimal mixtures that resulted in bricks with enhanced strength and durability.

Furthermore, the work of Zhang et al. (2020) focused on the optimization of the firing process in
ceramic brick production plants. They proposed a novel firing technique that reduced energy consumption
while maintaining the desired brick properties. The study demonstrated the potential for improving the
efficiency and sustainability of brick manufacturing processes. The development and performance
evaluation of a ceramic brick production plant hold significant importance in the construction industry. The
utilization of indigenous resources, reduction of transportation costs, and promotion of sustainable practices
are key drivers behind such initiatives. (Chen and Zhang, 2020)

Ceramics are solid compounds that are formed by the application of heat and sometimes heat and
pressure, comprising at least two elements provided one of them is a non-metal and the other a metal
(Richerson, 2018). Very few elements are used in their pure form; most often they are alloyed with other
elements to form engineering materials. The latter can be broadly classified as metals, polymers, semi-
conductors or ceramics with each class having distinctive properties that reflect the differences in the nature
of their bonding, (Callister ef al., 2018). The ceramic bond is either ionic or covalent bonding depending on
the material characteristics or nature of the materials used for a typical ceramic product (Carter and Norton,
2022).

Ceramic materials are probably the most abundant findings in pre-historic and historic
archacological sites and represent after lithic artefacts, the most ancient form of production. Since
technologically advanced ceramic materials developed in the last century, the term ‘ceramic’ has assumed a
wide meaning, comprising all those inorganic, non-metallic and solid materials obtained by heating and
subsequent cooling (Afuye and Ejiko, 2017). Pottery includes a series of different ceramic materials that can
be distinguished, on the basis of their physical characteristics, especially porosity, verification grade, firing
temperature and surface treatments. Pottery is the result of clay firing. Therefore, it can be distinguished
from clay materials, such as argillaceous rock fragments and unfired bricks, on the basis of those mineral-
physical changes produced during firing. Microscopically, a fragment of pottery appears as formed by
different components: micro mass, inclusions, voids and eventually a coating. The features of each of these
components can supply information on the production technology and/or provenance (Smith, et al., 2019).
The term ceramic comes from the Greek word keramikos, which means burnt substance “of pottery" or "for
pottery", from képapog (keramos), "potter's clay, tile, pottery". The earliest known mention of the root
"ceram-" is the Mycenaean Greek ke-ra-me-we, workers of ceramic written in Linear B syllabic script. The
word ceramic can be used as an adjective to describe a material, product or process, or it may be used as a
noun, either singular, or more commonly, as the plural noun "ceramics". The desirable properties of these
materials are normally achieved through a high-temperature heat treatment called firing. Up until the past
sixty years, the most important materials in this class were called traditional ceramics, for which the raw
material is clay, e.g. china, bricks, tiles and in addition, glasses and high-temperature ceramics (Afuye and
Ejiko, 2017). Recently, significant progress has been made in understanding the fundamental character of
these materials and of the phenomena that occur in them that are responsible for their unique properties.
Consequently, a new generation of these materials has evolved, and the term ceramic has taken on a much
broader meaning. These new materials are applied in, e.g. electronics, computers, communication
technology, biomedical implants and aerospace. A ceramic is any of the various hard, brittle, heat- resistant
and corrosion — resistant materials made by shaping and then firing an inorganic, non — metallic material,
such as clay at a high temperature. Common examples are earthenware, porcelain and brick (Kishawy, et
al., 2019).

Ceramics now include domestic, industrial and building products, as well as a wide range of
materials developed for use in advanced ceramic engineering, such as in semiconductors (Richerson, et al.,
2018)

Many early ceramics were hand-built using a simple coiling technique in which the clay was rolled
into coils that were then check-punch and beaten together to form the body of a vessel. The artist had to turn
the vessel around in order to wind the coils along the top of the piece, increasing its height with every
complete turn. In the coiling method of construction, all of the energy required to form the piece is supplied
directly by the hand of the potter (Afuye and Ejiko, 2017). This changed with the introduction of the potter’s
wheel. The heavy stone wheel was initially kicked or turned with a stick and then continued to turn based on
its own momentum. In wheel-throwing, the bulk of the energy used does not come directly from the hands
of the potter but from the turning wheel, (Rhodes, 2015).

The potter’s wheel is a machine used in the shaping of round ceramic wares, occasionally it is also
known as a “potter’s lathe”, however this is actually a different machine used for a shaping process or
turning which is similar to shaping metal and wood pieces (Sutton, 2020). The potter’s wheel may also be

DOI: 10.9790/1684-2104012732 www.iosrjournals.org 2
Page



Characterization Of Clay Materials In Ekiti State For Siting A Locally Produced... ... ...

used during the process of trimming excess clay from dried wares and for applying incised decoration of the
potter’s wheel. In jiggering, a shaped tool is slowly brought down into plastic (semi-dried) clay body sits
atop a rotating plaster mould. The jigger tool shapes the top face as it moulds the underneath one. The term
is specific to shaping of flatware. A similar technique is jollying, that refers to the production of hollowware
such as: cups or bowls having a symmetrical, hollow centre (Rhodes, 2015).

The introduction of the potter’s wheel brought benefits in the form of speed, symmetrical shape,
and efficiency, as a job that might have taken hours or even days to complete was reduced to one that could
be done, in minutes. Early ceramics built by the coiling technique were often placed on mats or large leaves
to allow them to be worked and turned more conveniently (Babalola and Ologunwa, 2017). This
arrangement allowed the potter to turn the mat rather than walk around the vessel to add coils to the clay
body. It has been theorized that the earliest forms of the potter’s wheel were developed as an extension to
this procedure. The earliest wheels were thus probably turned slowly by hand or by foot while coiling a pot,
but later developments allowed energy in the momentum of a kick wheel to be used to speed up the process
of throwing (Afuye and Ejiko, 2017)

Afuye and Ejiko, (2017), suggested that the potter’s wheel first came into use, but dates between
about 6,000 B.C. to about 2,400 B.C. John Spacey (2019); Evans (2019) and numerous scholars have
reported that potter’s wheel was first developed in Mesopotamia, although Egypt and China have also been
claimed as possible places of origin. A stone potter’s wheel found in Mesopotamian city of Ur, in modern-
day Iraq, has been recovered in the same area. By the time of the early civilizations of the Bronze Age, the
use of the potter’s wheel has become widespread (Gorogianni, ef al., 2016).

In the Iron Age, the potter’s wheel in common use had a turning platform about a meter above the
floor, connected by a long axle to a heavy wheel at ground level. This arrangement allowed the potter to
keep the turning-wheel rotating by kicking the wheel with the foot, leaving both hands free for manipulating
the vessel under construction (Taylor, 2020). The use of the potter’s wheel became widespread throughout
the Old World, but was unknown in the Pre-Columbian New World, where pottery was hand-made by
methods that included coiling and beating (Evans, 2019). The use of the motor-driven wheel has become
common in modern times, particularly with craft potters and educational institutions, although human-
powered ones are still in use and are preferred by some potters (Yarbrough, 2021). The origin of pottery is
associated with early period in life when man was trying to create domestic tools out of nature and since
then, there has always been an improving method of production. All early pottery was baked in fire and
blackened on the outside in order to strengthen the product source. Pot making was an essential part of life
and thus women were the potters in early times and during this period when the potter’s wheel for throwing
or spinning was not in existence (Gardon, 2013; Palmer, 2020; Pulitani, ef al., 2017). Throwing wheel is a
kind of machine or device design to make throwing process easier in ceramic vessel making. The partly
mechanized nature of throwing (using throwing wheel) allows the artist or craftsman to achieve an
economic rate of production and survive much more successfully in affluent society (Afuye and Ejiko,
2017). The essential principle of design is based on the science of wheel and axle. The wheel and axle is a
mechanism consisting of a wheel mounted rigidly upon the axle or drum of smaller diameter, both on the
same axis (Valkov and Nikolov. 2019; Afuye and Ejiko, 2017). Otitoju et al. (2020) defines ceramics as
solid compounds that are formed by the application of heat and sometimes heat and pressure, comprising at
least two elements provided one of them is a non-metal or a non-metallic elemental solid. The other
elements may be metal(s) or another non-metallic elemental solid(s). Kishawy et al. (2019) also defines
ceramics as “the art and science of making and using solid articles, which serve as their essential
components and are composed in large part of inorganic non-metallic material”. In other words, what is a
metal, a semi-conductor or a polymer is a ceramic. John (2019) defined ceramics as a category of hard
material that is typically manufactured by heating minerals. Humans have produced ceramics since at least
24,000 BC. This predates the use of modern metal ceramics including some of the strongest known
materials. Ceramics are commonly used in Construction works, Consumer Products, Vehicles, Scientific
and Industrial Equipment. This study aims to provide an overview of the development of a ceramic brick
production plant, highlighting key considerations and factors that need to be addressed during the setup
process. The production of ceramic bricks involves several stages, including raw material preparation,
moulding, drying, firing, and finishing. The raw materials typically include clay, sand, and other additives
where necessary, which are mixed, formed into brick shapes, and then fired in kilns at high temperatures.
The firing process imparts structural strength and durability to the bricks (Davis, 2022). The global
construction industry is witnessing substantial growth, particularly in emerging economies. This growth is
driving the demand for ceramic bricks, making it an attractive business opportunity for investors. Brick
moulding machine has been widely used in construction, road, square, water conservancy project,
landscape, etc. Till now, we have manufactured brick moulding machine with features of high quality, large
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production, stable performance and high automatic degree (Ding, et al., 2020). The bricks to be produced by
the brick moulding machine will have the advantages of high intensity, good insulation performance, and
good resistance of water, corrosion and weathering. The brick moulding machine could produce many kinds
of bricks, such as exterior wall brick, inner wall brick, decorated wall brick, floor slab brick, reinforcing
dam brick as well as interlock road brick and roadside brick (Pearson, 2016)

II. Aim Of The Research Work
The aim of this research is to assess clay materials for use in production of Ceramic Bricks,
determine the best source of raw materials in Ekiti State suitable for the development of a locally produced
Ceramic Brick production plant.

III. Objective Of The Research Work

The primary objective of this study is to ascertain the effect of mineralogical composition of the
clay samples collected from the three geopolitical zones in the State as a case study. Ijero Ekiti and Ado to
represent Ekiti central, Ikere Ekiti for Ekiti South, Isan and Ire Ekiti to represent Ekiti North. This study is
expected to serve as the first stage in the compilation of characteristic behaviours of clay soils from different
parts of Ekiti State with a view to proposing guidelines for the use of clay soil in the State. In order to
achieve this, the following objectives were outlined:
(a) Determination of index/engineering properties of samples collected from the locations
b) Determination of engineering classification of these soils
¢) Characterization of the soils

Statement Of Problem

Makers of ceramic products are faced with mirage of challenges some of which are; lack of
standard laboratories for soil characterizations, modern equipment and machineries, modern handling
methods, lack of funds to meet the increasing demands of their consumers. Others are bad roads, electricity,
water shortage, source of adequate raw material and transportation. All these affect ceramic bricks
production.

IV. Materials And Methods

The collected clay samples from borrowed pits were tested, these include: Atterberg limit; to
determine the liquid and plasticity limit of the clay samples, Compaction test; to know the point at which the
bricks will compact and the falling point after various trials during compaction. Figure 3 is the map of the
location where the Samples were collected. The geotechnical properties of the samples were carried out to
determine the Sample characteristics. The tests conducted are as follows: Natural Moisture Content: This
test was performed in accordance with BS 1377: Part 2: 1990 using the oven-drying method. Density: the
test was perform according to British Standards, this is to determine the Specific gravity, void ratio and for
grain size distribution of the Samples. Compaction Test: This laboratory test was performed to determine
the relationship between the moisture content, the dry density, Optimum Moisture Content (OMC),
Maximum Dry Density (MDD) of the soil Samples. The OMC and MDD of the Samples, light compaction
test was conducted in accordance with BS 1377: Part 4:1990 in order to establish the engineering properties,
such as strength, stiffness, resistance to shrinkage, and imperviousness of the Samples.

V. Results And Discussion

The results showed each status of the Clays in Plates 2-4. Pictures of the clay samples were shown
in Plates 3 and 4. The result of Liquid limit, plastic limit and compaction test were shown in the Tables 1 to
5. So also the graphs for each of those clay samples were plotted. For the Atterberg plastic limit test the
process involves the sieving of the clay samples and 200 g was measured out in each of it and were poured
on a plain slab and not less or much water was added to it, thereafter with hands they were robed on the
surface of the slab to ensure the it doesn't have any water in it again. The can at which the samples were
placed was firstly weighed using weighing balance and after putting the samples it was ensured that the
initial results must be higher than the first readings by 10 g and the process has to be done with 2 trials. In
this same sequence of operation the test was run on all the four clay samples given.

For the liquid limit, the test was run using a Penetrometer apparatus and the moisture contents
determined by penetration for all the used clay soil samples. But in determining the Average Moisture
Content the plastic limit was subtracted from the liquid limit and the graphs from Figures 3 to 7 were all
derived from all the results gotten for each sample.
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For the Compaction test, West African method (WAM) was implemented in the process of
carrying out the test and in considering that method, the apparatus used were; Measuring cylinder, Weighing
scale, Hammer, Head Pan, Temperature cooling oven, Can of different sizes, 3000 g of Clay was weigh
from each sample and pour into the head pan, also the initial weight of the mould was measured with a
weighing scale which gives 4000 g without the extension collar of the mould. Various trials were performed
until the clay sample falls back from its previous trials.

According to the specification of the West African Method of the Compaction test, each clay
sample was divided into 5 layers with 25 blows per layer. The water content of each sample was determined
at different trials. The mould with wet soil was weighed again to determine the weight on each trial until it
falls in between fourth and fifth trials. The graphs in Figure 3 to 8 shows the relationship between Actual
penetration and moisture content which helps in determining the plasticity limit and required liquid limit of
the bricks to be produced with the clay samples. The graphs in Figure 10 to 14 explains the Compaction of
the brick in relation to the Dry density and Moisture content and hence State the level and point at which the
bricks will be dried and the water it will contain.

VI. Conclusion

The objective of the study was to investigate the effect of mineralogical compositions on the
suitability of clay soils in Ekiti State as alternative building materials and also determine where a locally
produced ceramic brick production plant can be sited. The study revealed that Ekiti State is highly rich with
different clay samples. Samples were obtained from the three geopolitical zones in the State. Ijero Ekiti and
Ado to represent Ekiti central, Ikere Ekiti for Ekiti South, Isan and Ire Ekiti to represent Ekiti North.
Results showed that clays are available in almost all parts of the state. Various tests such as, moisture
contents, density, atterberg limits, and compaction tests were conducted. The tests were carried out in Soil
mechanics workshop and they include; Determination of geotechnical properties of samples of clay soil,
(Plasticity and Liquid limit test) Production and testing of compressed stabilized ceramic bricks
(Compaction Test). The results showed that; Isan clay is the best material for making ceramic bricks with
highest Plasticity Index (PI) of 22.34, Linear Shrinkage (LS) of 7.14 % and Average moisture content
(AMC) of 22.66 followed by Ikere with PI = 19.39 %, LS = 12.86 and AMC = 2341 though in smaller
quantity, followed by Ire 2 with PI = 10.72 %, LS = 23.28 and AMC = 23.28 but in large quantity, the next
is Ire with PI = 8.65 %, LS = 12.86 and AMC = 32.45 in large quantity as well. Ado clay has PI of 7.5 %,
LS =5.71 and AMC =21.5. Ijero clay is the least with Zero Plasticity Index (PI), LS =3.50 and AMC =
31.63. It implies that except Ijero clay all other materials from other sources can be used for bricks
production but Isan clay remains the best material which is also readily available in large quantity for siting
a locally produced bricks production plant.

VIL Recommendations

From the investigation conducted, the following conclusions can be drawn:

1.1t is recommended that individuals should use clay soils in building houses. Clay soils have very good
insulation and thermal properties and also possess the ability to absorb atmospheric moisture resulting in a
healthier environment for the occupants.

2.In selecting suitable clay soils for use in the production of bricks for buildings and siting of brick
production plant, it is imperative to conduct preliminary tests on soils prior to brick production to
ascertain the optimum plasticity and stabilization of the soil for durability.

3.The government should fund this kind of research for manufacturing purposes and socio — economic
development.

4.Individuals should tap into ceramic bricks production to serve as a means of earning a living.

5.Design and fabrication of machines for the turning the clay raw materials into bricks as finished products
becomes the responsibility of the engineers.

6.1t is suggested that more samples be obtained for laboratory tests on geotechnical properties of samples of
clay soil in order to get more realistic test values.

7. The mineral resources sector should promote this research work to solve the problem of unemployment
rate in Ekiti State and in the country at large for poverty alleviation.

8.The government should allow investors to harness the soils and use for mass production of bricks in the
state so as to reduce housing problems.
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Plate 1: 425MIC sieving apparatus Plate 2: Measuring Sieved
Clay samples

Plate 3: Sieved Clay samples
samples for test

Plate 5: Dried Clay Samples after undergoing Plate 6: Clay Samples after
undergoing Shrinkage limit
Plasticity Test
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Plate 7: Temperature cooling oven

in the oven

Plate 8: Clay samples loaded

Table 1: Atterberg limit test for clay sample IRE-EKITI CLAY SOIL 1)

TEST

IRE- EKITI CLAY SOIL 1

Liquid Limit

Plastic Limit

Linear Shrinkage

Initial Penetration (mm) 6.2 6.3 6.8 7.4

Final Penetration (mm) 20.1  21.8 272 326

Actual Penetration (mm) 139 155 204 252

Can Weight (g) 95 120 80 13.0 89 9.3 12.86%
Can + Wet Soil (g) 28.5 30.8 225 37.6 207 224

Can + Dry Soil (g) 245 260 182 293 178 19.2

Moisture Content (%) 26.67 3429 42.16 5092 3258 32.32

Average M.C. (%) 32.45
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Table 2: Atterberg limit test for clay sample IRE-EKITI CLAY SOIL 2)

TEST

Initial Penetration (mm)
Final Penetration (mm)
Actual Penetration (mm)
Can Weight (g)

Can + Wet Soil (g)

Can + Dry Soil (g)
Moisture Content (%)

Average M.C. (%)

IRE- EKITI CLAY SOIL 2

Liquid Limit Plastic Limit Linear Shrinkage

7.5 8.5 8 8.5
202 255 28.7 335
12.7 17 207 25
98 144 186 199 129 103
298 39.1 39.0 364 297 29.0 11.43%
269 346 332 313 265 255
16.96 22.28 39.73 44.74 23.53 23.03

23.28

Table 3: Atterberg limit test for clay sample (ISAN-EKITI CLAY SOIL)

ISAN SAMPLE
Liquid Plastic Linear
TEST Li?ni ¢ Limit Shrlélkag
Initial Penetration
(mm) 0.6 12 06 07 7.14%
Final Penetration
(mm) 13.3 16.8 22.5 23
Actual Penetration
(mm) 12.7 15.6 21.9 22.3
Can Weight (g) 18.8 10.0 7.8 20.2 9.8 13.8
Can + Wet Soil (g) 35.8 28.9 23.9 31.7 17.4 27.2
Can + Dry Soil (g) 32.1 24.0 18.9 27.5 15.9 24.9

Moisture Content (%)
Average M.C. (%)

27.82 35.00  45.05 57.53 2459  20.72

22.66
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Table 4: Atterberg limit test for clay sample IJERO-EKITI CLAY SOIL)

IJERO SAMPLE

- . Line
Liquid Plastic .
TEST Limit Limit Shrin
Initial Penetration 350
(mm) 1.6 1.5 1.6 1.7 '
Final Penetration
(mm) 17 19.3 23.5 26.3
Actual Penetration
(mm) 15.4 17.8 21.9 24.6 NON PLASTIC
Can Weight (g) 10.9 15.5 21.0 19.3
Can + Wet Soil (g) 30.2 325 37.8 333
Can + Dry Soil (g) 26.5 28.6 33.5 29.4
Moisture Content (%) 23.72 29.77 34.40 38.61
Average M.C. (%) 31.63
Table S: Atterberg limit test for clay sample IKERE-EKITI CLAY SOIL)
IKERE-EKITI CLAY SOIL
TEST Liquid Limit Plastic Limit Linear
Shrinkage
Initial Penetration (mm) 8.5 8.4 8.5
Final Penetration (mm) 25 284 342
Actual Penetration (mm) 16.5 20 25.7
Can Weight (g) 8.0 6.6 8.2 50 137
Can + Wet Soil (g) 305 334 326 156 253 12.86%
Can + Dry Soil (g) 243 252 246 135 232
Moisture Content (%) 3571 38.04 44.09 48.78 24.71 22.11
Average M.C. (%) 23.41
DOI: 10.9790/1684-2104012732 www.iosrjournals.org 10 |
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Table 6: Atterberg limit test for clay sample (ADO-EKITI CLAY SOIL)

ADO-EKITI CLAY SOIL

TEST Liquid Limit Plastic Limit = Linear Shrinkage
Initial Penetration (mm) 7.6 8.1 7.6 8.7
Final Penetration (mm) 214 244 28.1 33
Actual Penetration (mm) 13.8 163 205 243 5.71%
Can Weight (g) 1.5 108 136 125 7.6 11.1
Can + Wet Soil (g) 314 26.7 380 343 17.7 33.7
Can + Dry Soil (g) 283 238 324 284 16.1 293
Moisture Content (%) 18.45 2231 29.79 37.11 18.82 24.18
Average M.C. (%) 21.50

IRE- EKITI CLAY SOIL 1

28
26
24
22

20 s

18

16 ®
14 <>
12

10
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Figure 3: Graph of Actual Penetration against Moisture Content of the Ire 1

At 20 mm Penetration point, the Plasticity index is determined given as;

PI=41.1-32.45,P1=28.65%

28
26
24
22
20
18
16
14
12
10

IRE- EKITI CLAY SOIL 2

0 5

15

20 25 30 35

45

50

Figure 4: Graph of Actual Penetration against Moisture Content of the Ire Clay 2

At 20 mm Penetration point, the Plasticity index is determined given as;

P.I=34.00-23.28

PI=10.72%

Penetration (mm)

30

28

iSAiN‘EKi TCLAY SOI

26

24

22

20

18

e

16

14

12
20

25

30

35 40 45 50

Moisture Contents (%)

55

60

65

Figure 5: Graph of Actual Penetration against Moisture Content of Isan Clay sample

At 20mm Penetration point, the Plasticity index is determined given as;
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PI=LL-PL
PI=45-22.66
P1=22.34

30 DEROTEKITICLAY SOIL

28

26
24 K 4

22 /
20

18 @

Penetration (mm)

16 o
14

12
20 25 30 35 40

Moisture Contents (%)

45

Figure 6: Graph of Actual Penetration against Moisture Content of Ijero Clay
sample
At 20mm Penetration point, the Plasticity index is determined given as;

PI=LL-PL
PI=31.9-31.9
PI=0

IKERE-EKITI CLAY SOIL

28

26 /
24

22

20 L 4
18

16 ®

14 {

12

10

30 35 40 45 50

55

Figure 7: Graph of Actual Penetration against Moisture Content of Ikere Clay
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At 20mm Penetration point, the Plasticity index is determined given as;

PI1=42.8-2341
PI=19.39%

ADO-EKITI CLAY SOIL

26

24

22

20

18

16

U

el

14

12

10
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15

2

0

25

30

35

40

Figure 8: Graph of Actual Penetration against Moisture Content of Ado Clay

sample

At 20 mm Penetration point the Plasticity index is determined given as;

P.I1=29.0-21.50
PI=7.5%

Table 7: Compaction Test for clay sample (IKERE-EKITI CLAY SOIL)

IKERE-EKITI

Trial
Weight of Mould (g)
Mould + Wet Soil (g)
Weight of Wet Soil (g)

Volume of Mould (m?)

Bulk Density (Kg/m?)
Weight of empty can (g)
Can + wet sample (g)
Can + dry sample (g)
Moisture Content (%)

1
4000
5800
1800
0.00

1800

11.1

40.2

36.6

14.1
2

2
4000
5900
1900
0.00

1
1900

8.0
25.8
22.8
20.2

7

3
4000
6000
2000
0.00

1
2000

13.2
42.4
37.2
21.6

7

4
4000
5900
1900
0.00
1
1900
8.9
35.5
30.2
24.8
8
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Dry Density (Kg/m®) 1577 1580 1644 1521

Table 8: Compaction Test for clay sample (ADO-EKITI CLAY SOIL)

ADO-EKITI

Trial 1 2 3 4
Weight of Mould (g) 4000 4000 4000 4000
Mould + Wet Soil (g) 5600 5700 5800 5600
Weight of Wet Soil (g) 1600 1700 1800 1600
0.00 0.00 0.00 0.00

Volume of Mould (m?) 1 1 1 1
Bulk Density (Kg/m?) 1600 1700 1800 1600

Weight of empty can (g) 10.5 6.5 9.2 8.4

Can + wet sample (g) 27.5 30.8 356 28.6
Can + dry sample (g) 246 258 29.1 233
205 259 32,6 355

Moisture Content (%) 7 1 6 7
Dry Density (Kg/m®) 1327 1350 1357 1180

Table 9: Compaction Test for clay sample (IRE-EKITI CLAY SOIL 1)

Trial 1 2 3 4
Weight of Mould (g) 4000 4000 4000 4000
Mould + Wet Soil (g) 5600 5700 5800 5700
Weight of Wet Soil (g) 1600 1700 1800 1700
Volume of Mould (m®) 0.001 0.001 0.001 0.001
Bulk Density (Kg/m®) 1600 1700 1800 1700
Weight of empty can (g) 13.2 8.4 17.4 21.0
Can + wet sample (g) 349 32.0 51.3 53.2
Can + dry sample (g) 31.2 27.3 42.9 43.7
Moisture Content (%) 20.56 24.87 3294 41.85
Dry Density (Kg/m®) 1327 1361 1354 1198
DOI: 10.9790/1684-2104012732 www.iosrjournals.org 15 |
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Table 10: Compaction Test for clay sample (IRE-EKITI CLAY SOIL 2)

IRE-EKITI (2)

Trial
Weight of Mould (g)
Mould + Wet Soil (g)
Weight of Wet Soil (g)

Volume of Mould (m?)

Bulk Density (Kg/m®)
Weight of empty can (g)
Can + wet sample (g)
Can + dry sample (g)
Moisture Content (%)

Dry Density (Kg/m’)

1
4000
5500
1500
0.001
1500

13.8

32.0

29.8
13.75
1319

2
4000
5600
1600
0.001

1600

13.8

37.4

33.8
18.00
1356

3
4000
5800
1800
0.001
1800

8.2
28.3
24.5

23.31
1460

4
4000
5700
1700
0.001

1700
8.0
22.4
19.3
27.43
1334

Table 11: Compaction Test for Clay Sample (ISAN-EKITI CLAY SOIL)

ISAN-EKITI
Trials 1 2 3 4 5
Weight of Mould (g) 3292 3292 3292 3292 3292
Mould + Wet Soil (g) 4960 5130 5270 5400 5250
Weight of Wet Soil (g) 1668 1838 1978 2108 1958
Bulk Density (Kg/m®) 1668 1838 1978 2108 1958
Weight of empty can (g) 122 11.86 1527 1395 13.38
Can + wet sample (g) 382 40.28 4496 51.09 459
35.1
Can + dry sample (g) | 36.24 40 4395 39.15
. 134
Moisture Content (%) 9 16.57 20.06 23.80 26.19
Dry Density (Kg/m®) 1470 1577 1648 1703 1552
IKERE CLAY
1660
1640
=™ 1620
£ 1600 \\
X 1580 ﬁ&a‘/ \
£ 1560 X
$ 1540
2 1520 »
G 1500
1480
1460
0 5 10 15 20 25 30
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Figure 10: Graph of Dry Density against Moisture Content of Ikere Clay sample
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Figure 11: Graph of Dry Density against Moisture Content of Ado Clay sample

Dry Density (Kg/m3)

1400

IRE CLAY (1)

1350

1300

TS

AN

AN

1250

1200

1150

1100

20 25 30

Moisture Content (%)

35 40

45

Figure 12: Graph of Dry Density against Moisture Content of Ire Clay sample 1
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Figure 13: Graph of Dry Density against Moisture Content of Ire Clay sample 2
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Figure 14: Graph of Dry Density against Moisture Content of Isan Clay sample
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