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ABSTRACT
Soil failure is a common sight in Nigeria road and structural constructions. The main purpose of this project is to investigate the suitability of the available lateritic materials in Ilorin east local Government.
To determine the suitability of the soil in the three selected areas, Sieve analysis test, moisture content test, atterberg limit test, compaction test, California bearing ratio test, were carried out on the samples. As this project deals with the suitability of the available lateritic soil materials from three selected trial pits in Ilorin East Local Government. The conclusion based on the result obtained after all the laboratory tests have been carried out, with respect to their conformity with the standard specifications. From the laboratory test carried out, it was observed that nearly one hundred percent sand fractions are in the range between 0.3mm and 0.2mm grain size for the three samples. It is also discovered that the coefficient of uniformity of the three samples are greater than four (4), hence it conforms with the AASHTO soil classification which says that D10/D60 greater than 4 are well graded clayey gravel with little sand. AASHTO soil classification recommends that coefficient of curvature between 0.5 and 3 is said to be well graded for clayey gravel with little or no sand hence, from the result of coefficient of curvature, the soil in sample A, B and C did not conforms with the condition and cannot be termed as well clayey gravel soil. The result on the dry density ranges from 1980kg/m3 to 2070kg/m3 and the optimum moisture content ranges from 8-15%. The three samples conformed with the AASHTO soil classification and the three samples are adequate for road construction.
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CHAPTER ONE
INTRODUCTION
Road networks are very important infrastructure to every country’s economy as it enables persons, goods and services to be moved from one destination to another. As a result, the Nigerian Government has shown great interest in improving the road infrastructures in Nigeria, due to their economic importance according to Olaniyan et al. 2019. It is generally known that soils such as lateritic soil are usually used as sub-base and base materials in road construction. The term “lateritic soil” has been described by different researchers in relation to its chemical compositions, physical properties and mode of formation etc. Laterites have been described as soils that are mainly made up of iron and aluminum as revealed in Arinze and Ibe 2015 and they are commonly formed in locations with tropical conditions, revealed in Tijani et al. 2017. They are formed from the weathering of rocks which can be igneous, sedimentary and metamorphic rocks under necessary condition (Rahardjo et al., 2004).
A substantial increase in soil use for engineering works is expected with any country gearing towards improved infrastructural development and due to the abundance of lateritic soils in tropical areas, these soils are utilized in various forms of engineering works. The relationship between all engineering infrastructure and their foundation soils is of great importance for designers, engineers and contractors. Lateritic soils are utilized as construction materials in a range of civil engineering works as. As road construction material and in view of certain strength requirements, they form the sub-grade of most roads in tropical areas, and can also be used as sub base courses for roads not subjected to heavy traffic. However, the use of unsuitable soil type in road construction results in instability and subsequent failure. Most road failures in some tropical areas are attributed to poor construction materials (Adams and Adetoro., 2014).
Aginamet al. 2014, revealed that the weathering of rocks for the formation of lateritic soils involves the progressive chemical changes of the main minerals which result in the discharge of iron and aluminum. Enaworu et al. 2017 showed further that lateritic soils also contain high amount of kaolinite and quartz with no silicate’s properties. Prasad and Parthasarathy 2016 described laterization or laterite genesis as the process of alteration involve in the formation of laterites from existing rocks. Aginamet al. 2015 further described laterization as a slow process which depends on the nature and degree of chemical weathering. According to Arinze and Ibe 2015 laterites can be on mafic (gabbro, basalt) including ultra-mafic rocks (dunite) which are formed from rocks which does not contain quartz, but with smaller quantities of silica and greater amount of iron. While laterites on acidic rocks are formed, with the reversed process of laterites on mafic formation, examples are granites, clays, shales etc. Lateritic soils are used as construction material for the construction of roads, foundations, landfill, houses etc. (Enaworu et al., 2017; Ezeet al., 2017; Ehujuo et al., 2017).
Akintomiwa et al. 2012 stated that lateritic soils are used in road construction in Nigeria just like in other developing countries of the world. Layade and Ogunkoya 2018 revealed that lateritic soils are used as base materials in road construction due to their binding properties and ease of using them to attain desired results. Lateritic soils Geotechnical properties depends on the kind of parent rocks and the extent of their weathering, atmospheric condition and geological formation etc. Enaworu et al., 2017, observed the need of carrying out a detailed investigation of the Geotechnical properties of lateritic soil- that such information aid lateritic soil user to determine if the intended lateritic soil meets the necessary requirements for the intended engineering application.

1.1 	Statement of the Problem
Misunderstanding soils and their properties can lead to construction errors. The suitability of a soil for a particular use should be determined based on it engineering characteristics and not on usual inspection or apparent similarity to other soil.
Some particles of laterite tend to crush easily under impart disintegrating into a soil may be self-hardening when exposed to drying or if they are not self-hardening, they may contain appreciable amounts of hardened lateritic rock or gravel.
1.2 	Aim and Objectives
Aim:
The aim of this study is to investigate the suitability of lateritic soil in Ilorin East Local Government.
 Objectives are:
i. To determine the geotechnical properties of lateritic soil available in Ilorin East Local Government.
ii. To determine whether these laterite materials meet the American Standard Test Method (ASTM) specification for road construction.
iii. To determine how suitable the laterite material in Ilorin East Local Government is good for road construction.

1.3 	Justification of Study
Due to the fact that laterite is a paramount material in the construction of road, it has to be investigated to determine its suitability for the construction of our roads.

1.4 	Scope of the Project
The knowledge of the use of laterite for road construction is increasingly going far and wide over the years. For the purpose of this research, the study is limited to Ilorin East Local Government Area of Kwara State in which the following laboratory test has been carried out on each sample of soil, the laboratory test carried out are Particle size distribution test, Atterberg’s limit test, Compaction test, Natural moisture content and California Bearing Ratio (CBR) test.




CHAPTER TWO
2.0	LITERATURE REVIEW
Several investigative studies have been conducted within the Department of Civil Engineering at Kwara State Polytechnic, Ilorin, as well as at higher national levels, to assess the suitability of available lateritic materials. For example, research has been carried out to determine the appropriateness of lateritic soils in Ilorin West Local Government Area for road construction. 
While these studies provide valuable insights, it is important to note that the focus of this project is on Ilorin East Local Government, which differs from the areas previously examined by the department.
	Abiola et al. 2018 established that the Geotechnical properties of lateritic soil can be enhanced/modified through stabilization before used for engineering purposes due to its silt content, liquid limit and plasticity index levels. Ogbuagu and Okeke 2019 asserted that the durability, stability, of roads depends vastly on the knowledge of the Geotechnical properties of the soil used in constructing them. The FMWH 1997 stipulated the following requirements: the percentage passing BS 200 sieve should not be greater than 35%, for sub grade, sub-base and base material. Also the sub grade material should have LL ≤ 50%, and PI ≤ 30%, while for sub-base material, should have LL ≤ 30% and PI≤ 12% respectively. The stipulation further stated that un soaked CBR for sub grade, sub-base, and base materials should be: ≤ 10%, ≤ 30% and ≤ 80% respectively.
This has been due to the absence of uniform methods for the preparation of samples and testing and the variable nature of lateritic soils. As a consequence, the drawing of any rational conclusions on the engineering properties of lateritic soils has been very difficult. The literature review of the available data on lateritic soils gives the impression that the red color seems to have been accepted by most authors as the most important property by which these soils could be identified. It is noted that three major factors influence the engineering properties and field performance of lateritic soils. They are: 
1. Soil forming factors (e.g., Parent rock, Climatic, Vegetation conditions, Topography and Drainage conditions). 
2. Degree of weathering (degree of laterization) and texture of soils, genetic soil type, the predominant clay mineral type and depth of sample. 
3. Pretest treatments and laboratory test procedures as well as interpretation of test results. 
In view of the aforementioned factors, the study of laterite soil engineering properties needed to be under taking regional wise and a rational approach of adopting data might not describe exactly the field performance of the soil. Besides, the variation of the laterite soil engineering properties with pretest treatments, testing procedures, application of elongated time for Atterberg limit tests, effects of drying, application of compaction efforts on both fresh and re-compacted soil samples on the value of compaction and CBR tests, literature review has prepared for this work on researches conducted at the Department of Civil Engineering, Kwara State Polytechnic, Ilorin by different researchers as follow.
2.1	FORMATION OF LATERITE SOIL
Laterites are soil types rich in iron and aluminum, formed in hot and wet tropical areas. Nearly all laterites are rusty red because of iron oxides. They developed by intensive and long-lasting weathering of the underlying parent rock. Tropical weathering (laterization) is a prolonged process of chemical weathering which produces a wide variety in the thickness, grade, chemistry and ore mineralogy of the resulting soils. The majority of the land area containing laterites is between the tropics of cancer and Capricorn.
Information on the nature distribution and geotechnical characteristics of laterite from selected trial pits in Ilorin West Local Government Area of Kwara State should form the foundation on which the establishments of patterns of road building construction and brick making which may lead to the best use of these material resources (Jackson, 1983).
Laterite from the Latin Word later, which means a brick; this rock can easily be cut into brick-shaped blocks for building. The word laterite has been used for variably cemented, sesquioxide rich soil horizons. A sesquioxide is an oxide with three atoms of oxygen and two metal atoms. It has also been used for any reddish soil at or near the earth surface Laterite covers are thick in the stable areas of Western Ethiopian shield, on cratons of the South American plate, and on the Australian shield. In Madhya Pradesh, India, the laterite which caps the Plateau is 30m (100ft) thick. Laterites can be both soft and easily broken into small pieces, or firm and physically resistant. Basement rocks are buried under the thick weathered layer and rarely exposed. Lateritic soils form the uppermost part of the lateritic cover. (Francis Buchana Hamilton 1989).
2.2 PROPERTIES OF LATERITES AND BASIC INDEX TESTS 
In tropical areas, where chemical weathering is often intense, the availability of suitable rock as a source of crushed aggregate may be limited. Considerable savings can be achieved by using local materials, even though these may appear to be of marginal quality when judged by certain specification using conventional testing procedures. 
The principal indices used in geotechnical engineering include plastic limit, liquid limit, and particle size distribution. Plastic limit is the lowest water content at which the soil exhibits plastic behavior. Liquid limit is the upper boundary of the plastic behavior and at this moisture content the soil behaves as a viscous liquid, flows under its own weight and will not hold a specific shape. Shrinkage limit is the water content at which the volume of soil remains constant even with further reduction in water content. 
Most tropical residual soils are affected by drying. Index properties of tropical residual soils may change drastically even by partial drying. It could be due to alteration of the clay minerals on partial dehydration or due to aggregation of fine particles to form larger particles which remain bonded together even on re- wetting. 
The material properties most relevant to the satisfactory performance of natural gravels in road pavements are particle size distribution, plasticity, strength of the coarse particles and compaction and bearing strength. However, the usefulness of conventional index tests and classification systems, such as the Unified Classification System, for residual soils has been questioned on a number of occasions. In which the in situ character of the soil is destroyed in preparing the soils for testing so that the results do not give an indication of the properties of the undisturbed soil. It is also argued that the results of Particle size and plasticity measurements are strongly influenced by the method of sample preparation.
2.3	CONCEPT OF LATERITE FOR PAVEMENT DESIGN
Designing a pavement is carried out in order for the pavement to be able to support and transmit the loads that is acting on it. It is also built to withstand the bearing stratum and also withstand the weather condition of the area in which it is constructed.
Standard use of the laterite soil material is said to be achieve when pavement component like base course fulfills all engineering specification, for example the strength characteristics desired, required degree of compaction, dry density and relative density. Moreso, embankment component such as rock material, shell material and filter materials must satisfy engineering specifications. But in occasions where the soil of the road under construction meets the specification there is no need to get materials from elsewhere other than the location at which the soil (laterite soil) is been found and tested. The location and distribution of laterite soil have been associated with temperature and rainfall. Goggle.com.ng/books
2.4	LATERITE FOR SUBGRADE, BASE COURSE AND SURFACING 
The laterite soil work well in pavement construction in the uses described in the following paragraph; particularly when their special characteristics are carefully recognized.
Subgrade: the sub grade is the oil acting as a foundation for the pavement. The subgrade is the result of the earthwork, and it may consist of the undisturbed, local soil or material excavated elsewhere and placed as fill. The surface of the subgrade is called the formation.
Case course: experience has shown that high-quality materials must be used in the base course (the layer directly beneath the pavement surface strength requires a substantial thickness of select material, sub base, and base material to reduce the imposed stress on the sub grade. Where the sub grade strength is high. Only a base course may be required to provide for adequate load distribution. Since the stresses in the base courses are always higher than those in the sub grade, the base course must have a higher strength than the sub grade and be sufficiently compacted to prevent consolidation under traffic. For both flexible and rigid pavement. Select materials, sub bases, and base courses provide the following functions:
i. Additional structural strength
ii. A more uniform bearing surface for the pavement
iii. Replacement of soft highly compressible or expensive soils
iv. Protection for the subgrade against detrimental from action
v. Drainage and prevention of pumping
vi. A suitable surface for the operation of construction equipment during adverse weather conditions.
Surfacing: laterite can provide a suitable low grade wearing course when it can be compacted to give a dense, material, however, it tends to corrugate under road traffic and becomes dusty during dry weather. In wet weather, corrugation, which is associated with loss of fines, a surface dressing may be used. Lateritic soils, being weaker than the laterites are not suitable for a wearing course. Their use for surfacing would be restricted to; emergencies, under loading material, other limited purpose. 
2.5	MINERALOGICAL AND PHYSICAL CHARACTERISTICS OF LATERITE SOIL 	
The basic minerals of the lateritic soil obtained from the province of Saraburi have been determined by x-ray diffraction analysis. The x-ray patterns have confirmed that the soil consists of quartz, kaolinite, goethite, hematite and ilmenite. Previous studies have also indicated the presence of ferruginous nodules and angular concretions of hematite, as well as amorphous compounds such as limonite (Mazhar, 1969). The mineralogical investigation has also indicated the absence of montmorillonite, hence undesirable swelling characteristics are not expected in the soil. Nevertheless, the presence of goethite and other iron oxides existing in this residual soil may act as cementing agents, which as a consequence may contribute to tensile cracking by making the compacted agents which as a consequence may contribute to tensile cracking by making the compacted construction relatively brittle.
Little (1967) has argued that the presence of goethite in the residual soil derived from weathered rhyolite may have influenced cracking of the Shek Pik Dam. Although compaction can be effectively carried out slightly wet of the proctor optimum moisture content to obtain an impermeable core with improved tensile properties: (Indraratna and Nutalaya, 1991).
2.6	DEFINITION OF ROAD 
Road is the part of such a way for vehicles, especially in contract to shoulder or side walk, also road can be said to be a thorough fare, route or way on land between two places which has been or otherwise improved top allow travel by some conveyance, including a horse, cart or a motor vehicle. Simply, road is a paved way meant or designed for the movement of people and vehicles. 
2.7	TYPES OF ROADS
Many types of roads exist around the word all of which are thorough fares which can be used by motorized traffic. Roads are not necessarily available for use by the general public without permission; highways are available for use for the public, although a toll may be charged. In places the term “HIGHWAY” is reserved for high-capacity roads, in older English there was a distinction between highways and byways.
· An alley
· An arterial road
· Paved roads
· Unpaved roads


CHAPTER THREE
3.0	RESEARCH METHODOLOGY
3.1	COLLECTION OF SAMPLES
The soil samples were collected from three selected trial pits in Ilorin East Local Government Area of Kwara State. The trial pit was selected because of the availability of laterite in the area. The samples are collected and then labeled as A, B and C, respectively for the three areas. The areas of each sample are shown in figure 1, 2 and 3.
3.2	LABORATORY TESTS
The following tests are carried out:
i. Particle size distribution test
ii. Atterberg’s limit test (plastic limit, liquid limit)
iii. Compaction test
iv. Moisture content and 
v. California bearing ratio (CBR) test
The suitability of laterite soil for road construction can be determined by means of laboratory tests mentioned above on the soil samples. Results of the compaction and California bearing (CBR) are used for the determination of the strength properties of the laterite soil for road construction, while the particle size distribution and Atterberg’s limit test are used for identification and classification purpose.
3.3	PARTICLE SIZE DISTRIBUTION TEST
The objective of this test is to determine the percentage of individual particle sizes present in a soil sample. Particle size distribution test was done by dry sieving and this method covers the quantitative determination of the particle size distribution in soil down to the fine sand size and the test was done in accordance to BS 1377 of 1961 “methods of test for soil for civil engineering purpose”.
3.3.1 APPARATUS USED FOR PARTICLE SIZE DISTRIBUTION TEST  
The apparatus used for the sieve analysis test includes:  
1. Set of sieves  
2. Weighing balance machine  
3. Empty container  
3.3.2 PROCEDURE  
1. 510g of dry soil was weighed out of the sample.  
2. Each sieve size was weighed and recorded.  
3. The sample of soil was poured into the sieves, with a pan at the bottom.  
4. The sieves were manually shaken for a few minutes.  
5. The amount of soil retained on each sieve was weighed and the mass recorded.  
6. The grain curve was plotted, showing percentage passing on the ordinate axis and particle size on the co-ordinate axis (refer to figures 3.15A, 3.15B, 3.15C, and 3.15D).  
Calculations:  
A. Percentage retained = 

B. Cumulative % retained = Sum of percentages retained on all sieves.  
C. Cumulative % passing = 100% - Cumulative percentage retained for each sieve.  
3.4 	COMPACTION TEST  
Compaction is the process of packing or pressing soil particles more closely together to increase density by reducing air voids. This enhances the dry density of the soil.  
The test was conducted in accordance with BS 1377 of 1961, titled "Method of tests for soil for civil engineering purposes."
3.4.1 APPARATUS USED FOR COMPACTION TEST  
The apparatus used for the compaction test includes:  
1. A cylindrical metal mould with a base plate  
2. A large metal tray  
3. A metal rammer of 2.5kg  
4. A weighing balance  
5. 4.76mm BS test sieve  
6. An oven  
7. A palette knife  
8. A straight edge  
3.4.2 PROCEDURE  
1. The cylindrical metal mould with a detachable base was weighed while empty.  
2. A 6kg air-dried soil sample passing through a 4.76mm BS test sieve was taken and mixed thoroughly with a suitable amount of water.  
3. The mould was placed on a solid base, and the moist soil was compacted into the mould in three layers of approximately equal mass. Each layer received 25 blows from the rammer, dropped from a height of 300mm above the soil.  
4. The blows were distributed uniformly over the surface of each layer, and a straight edge was used to trim the excess on the compacted soil. The mould and soil were then weighed.  
5. The compacted soil was removed from the mould and placed on the large metal tray. Representative samples were taken from the top, middle, and bottom of the soil for moisture content determination.
6. The remaining moist soil was broken and then mixed with the remaining original sample, and suitable increments of water were added and mixed thoroughly. The above operations were repeated for each increment of water. The following parameters were obtained from the calculations in the compaction test:



A graph of dry density against moisture content was plotted to determine the Optimum Moisture Content (O.M.C.) and Maximum Dry Density (M.D.D) of the soil.
3.5 	ATTERBERG LIMIT TEST  
The Atterberg limit test determines the amount of water soil absorbs before transitioning from its natural state to a liquid state and then to a plastic state. This test includes the Liquid Limit and Plastic Limit assessments.
3.5.1 APPARATUS USED FOR PLASTIC AND LIQUID LIMIT TESTS  
1. Casagrande apparatus  
2. A flat glass plates  
3. Grooving tool  
4. Two palette knives or two spatulas  
5. 500 µm B.S. test sieve  
6. A wash bottle containing distilled water  
3.5.2 PROCEDURE FOR LIQUID LIMIT TEST  
1. A soil sample was air-dried, and 200g of the sample passing through a 500 µm B.S. sieve was taken.
2. Liquid Limit Test Procedure
3. Place the soil sample on a flat glass plate and mix thoroughly with distilled water to form a paste.  
4. Allow the paste to rest in an airtight container for approximately 24 hours to enable water penetration throughout the soil mass.  
5. Fill the cup of the Casagrande apparatus, leveling the soil smoothly.  
6. Use a grooving tool to divide the soil along the diameter, creating a clear 2mm groove in the soil bed.  
7. Rotate the crank of the Casagrande apparatus at a rate of 2 revolutions per second until the groove closes. Then, determine the moisture content.  
8. Remix the sample with additional distilled water and repeat the above procedure until two consecutive runs result in the same number of blows per closure.  
9. Plot the results on a graph of moisture content against the number of blows. Take the corresponding moisture content for 25 blows as the liquid limit.
3.5.3	PLASTIC LIMIT TEST PROCEDURE
The plastic limit is the moisture content at which soil transitions from solid to plastic form.  
1. Mix approximately 20g of dry soil (all passing through a 500µm BS test sieve) with sufficient distilled water until it forms a paste.  
2. Roll the soil by hand on a glass plate with enough pressure to create a thread of approximately 3mm diameter that begins to crumble. Determine the moisture content at this stage.  
3. Repeat the process twice and take the average moisture content as the plastic limit.  

PLASTIC INDEX CALCULATION
The plastic index (PI) is determined as the difference between the liquid limit (LL) and the plastic limit (PL):  
PI = LL – PL
3.6 	CALIFORNIA BEARING RATIO (CBR) TEST
The CBR test is a penetration test used for evaluating the mechanical strength of road subgrade and base courses. It was developed by the California Department of Transportation before World War II. The CBR value measures the resistance to penetration of 2.54mm of a standard cylindrical plunger (49.6mm diameter). This resistance is expressed as a percentage of the known resistance of the plunger to various penetrations in crushed aggregates.
3.6.1 APPARATUS USED FOR CBR TEST
1. Cylindrical steel mould  
2. Loading machine  
3. Surcharge weight  
4. Oven  
3.6.2 PROCEDURE FOR CBR TEST
1. The empty cylindrical mould was weighed.  
2. 6000g of the sample was weighed.  
3. 320mm of distilled water was added to the sample and compacted.  
4. After compaction, the collar was removed and the surface was leveled.  
5. The mould with the compacted specimen was weighed.  
6. The specimen was placed under a penetration piston, and a surcharge load was added.  
7. Load was applied, and the penetration load values were recorded. The CBR values of each sample were then calculated.  
8. Load = Dial x Ring factor (Ring factor = 0.212).  

3.7 	MOISTURE CONTENT TEST
The moisture content (m/c) of soil is defined as the ratio of the weight of water to the weight of dry soil, expressed as a percentage.
3.7.1 APPARATUS USED FOR MOISTURE CONTENT TEST
1. Dry container  
2. Weighing balance  
3.7.2 PROCEDURE FOR NATURAL MOISTURE CONTENT TEST
1. Weigh the dry container.  
2. Weigh the wet sample along with the container.  
3. Allow the wet sample to sundry for 24 hours.  
4. After the soil sample is completely dried, remove it from the sun.  
5. Weigh the container along with the dry soil.  
6. Determine the moisture content using the formula:  

Where MC;
M/C = Moisture content


CHAPTER FOUR

4.0	DATA ANALYSIS, RESULT AND DISCUSSION
The results of the following laboratory test were analyzed
1. Moisture content test
2. Sieve analysis test (particle size distribution test)
3. Compaction test
4. Atterberg limit test
5. California bearing ratio test 
The analysis carried out on each test was compared with standard specification 
Moisture content test result
Table 4.1. Result for moisture content test for sample A (Oke-Oyi)
Depth of 500mm
	Test number
	A
	B
	C
	D
	E

	Empty container (gm)
	20.00
	20.00
	20.00
	20.00
	20.00

	Container + wet soil (gm)
	40.00
	42.00
	42.00
	44.00
	45.00

	Container + dry soil (gm)
	36.00
	38.00
	39.00
	40.00
	41.00

	Mass of water (g)
	4.00
	4.00
	3.00
	4.00
	4.00

	Mass of dry soil
	16.00
	18.00
	19.00
	20.00
	21.00

	Moisture content (%)
	25.00
	22.22
	15.78
	20.00
	19.04



A.V.M. Content % = 20.4%


4.1.2	Moisture content test result for sample B
Table 1. Result for moisture content test for sample B (Agbeyangi)
Depth of 500mm
	Test number
	A
	B
	C
	D
	E

	Empty container (gm)
	20.00
	20.00
	20.00
	20.00
	20.00

	Container + wet soil (gm)
	51.00
	54.00
	56.00
	47.00
	50.00

	Container + dry soil (gm)
	47.00
	50.00
	51.00
	44.00
	45.00

	Mass of water (g)
	4.00
	4.00
	5.00
	3.00
	5.00

	Mass of dry soil
	27.00
	30.00
	31.00
	24.00
	25.00

	Moisture content (%)
	14.81
	13.33
	16.13
	12.50
	20.00



A.V.M. Content % = 15.4%

Table 4.1.3. Result for moisture content test for sample C (Iporin)
Depth of 500mm
	Test number
	A
	B
	C
	D
	E

	Empty container (gm)
	20.00
	20.00
	20.00
	20.00
	20.00

	Container + wet soil (gm)
	44.00
	45.00
	48.00
	43.00
	45.00

	Container + dry soil (gm)
	42.00
	43.00
	45.00
	38.00
	39.00

	Mass of water (g)
	2.00
	2.00
	3.00
	5.00
	8.00

	Mass of dry soil
	22.00
	23.00
	25.00
	18.00
	19.00

	Moisture content (%)
	9.09
	8.69
	12.00
	27.80
	42.10



A.V.M. Content % = 20.0%


Table 4.2	Sieve Analysis Test Result for Sample A (Oke-Oyi)
	S/N
	Sieve size (mm)
	Weight of sieve (g)
	Weight of sieve soil sample (g)
	Weight retained (g)
	Percentage retained
	Cumulative % retained
	Cumulative % passing

	1.
	6.7
	520
	649
	129
	120
	13.2
	86.875

	2.
	4.75
	536
	660
	124
	244
	26.9
	73.1

	3.
	3.6
	440
	805
	365
	609
	67.2
	32.8

	4.
	2.36
	422
	516
	94
	703
	77.6
	22.4

	5.
	1.00
	392
	443
	51
	754
	83.2
	16.8

	6.
	5.00
	366
	459
	93
	847
	93.5
	6.5

	7.
	3.50
	324
	335
	11
	858
	94.7
	5.3

	8.
	0.75
	487
	493
	6
	864
	95.4
	4.6



EMPTY CONTAINER = 333g
CONTAINER + SAMPLE = 1239g
WEIGHT OF SAMPLE = 906g
Calculation from the result obtained in the table 4.2 after its being plotted on the graph in figure 4.2
D10 = 1.0, D30 = 3.40,	D60 = 4.30
Coefficient of uniformity Cu = 
Coefficient of curvature Cc = 


Table 4.2.1	Sieve Analysis Test Result for Sample B (Agbeyangi)
	S/N
	Sieve size (mm)
	Weight of sieve (g)
	Weight of sieve soil sample (g)
	Weight retained (g)
	Percentage retained
	Cumulative % retained
	Cumulative % passing

	1.
	6.7
	520
	660
	140
	140
	14.2
	85.8

	2.
	4.75
	536
	797
	261
	401
	40.6
	59.4

	3.
	3.6
	440
	919
	479
	880
	89.2
	10.8

	4.
	2.36
	422
	457
	35
	915
	92.7
	7.3

	5.
	1.00
	392
	413
	21
	936
	94.8
	5.2

	6.
	5.00
	366
	396
	30
	966
	97.9
	2.1

	7.
	3.50
	324
	328
	4
	970
	98.3
	1.7

	8.
	0.75
	487
	490
	3
	973
	98.6
	1.4



EMPTY CONTAINER = 333g
CONTAINER + SAMPLE = 1320g
WEIGHT OF SAMPLE = 987g
Calculation from the result obtained in the table 4.2.1 after its being plotted on the graph in figure 4.2.1
D10 = 1.0, D30 = 4.00,	D60 = 4.50
Coefficient of uniformity Cu = 
Coefficient of curvature Cc = 


Table 4.2.2	Sieve Analysis Test Result for Sample C (Iponrin)
	S/N
	Sieve size (mm)
	Weight of sieve (g)
	Weight of sieve soil sample (g)
	Weight retained (g)
	Percentage retained
	Cumulative % retained
	Cumulative % passing

	1.
	6.7
	520
	591
	71
	71
	9.6
	90.3

	2.
	4.75
	536
	633
	97
	168
	22.8
	77.2

	3.
	3.6
	440
	782
	342
	510
	69.1
	30.9

	4.
	2.36
	422
	525
	103
	613
	83.1
	16.9

	5.
	1.00
	392
	422
	30
	643
	87.1
	12.9

	6.
	5.00
	366
	420
	54
	696
	94.4
	5.6

	7.
	3.50
	324
	326
	2
	699
	94.7
	5.3

	8.
	0.75
	487
	489
	2
	701
	94.1
	5.9



EMPTY CONTAINER = 333g
CONTAINER + SAMPLE = 1071g
WEIGHT OF SAMPLE = 738g
Calculation from the result obtained in the table 4.2.2 after its being plotted on the graph in figure 4.2.2
D10 = 1.0, D30 = 3.8,	D60 = 4.2
Coefficient of curvature = 


COMPACTION TEST RESULT FOR THE DETERMINATION
The following results were obtained after the samples have gone through the procedure for a compaction test.
No of blows = 25
No of layers = 3
Weight of rammer = 2.5kg
Height of the drop = 450mm
Volume of the mould = 1943.86cm3
Table 4.3: Compaction test result for sample A (Oke - Oyi) 
	Test No 
	1
	2
	3
	4
	5

	Empty mould (kg)
	2635
	2635
	2635
	2635
	2635

	Mould+ wet soil (kg)
	5966
	6216
	6531
	6801
	6806

	 Wet soil (W2-W1)
	3331
	3581
	3896
	4166
	4171

	Bulk density  (mg/m3)
	1.71
	1.84
	2.00
	2.14
	2.15



Determination of moisture content 
	
	A1
	A2
	A3
	A4
	A5

	Empty tin (g)
	25
	25
	25
	25
	25

	Tin + Wet soil (g)
	52
	61
	68
	72
	86

	Tin + Dry soil
	49
	57
	64
	66
	79

	Moisture (g)
	3
	4
	4
	6
	7

	Mass of dry soil (g)
	24
	32
	39
	41
	54

	Moisture content (g) 
	12.5
	12.5
	10.3
	14.6
	12.1

	Average moisture content (%)
	
	
	12.4
	
	

	Dry density (kg/m3) d =
	1.52
	1.64
	1.81
	1.87
	1.92




n


Table 4.3.1: Compaction Test Result for Sample B (Agbeyangi)
	Test No 
	1
	2
	3
	4
	5

	Empty mould (kg)
	2635
	2635
	2635
	2635
	2635

	Mould+ wet soil (kg)
	5924
	6073
	6469
	6906
	7001

	 Wet soil (W2-W1)
	3289
	3438
	3834
	4271
	4366

	Bulk density  (mg/m3)
	1.69
	1.77
	1.97
	2.20
	2.25



No of Blows = 25
No of layers = 3
Weight of rammers = 2.5kg
Height of the drop = 450mm
Volume of the mould = 1943.86cm3
	
	B1
	B2
	B3
	B4
	B5

	Empty tin (g)
	25
	25
	25
	25
	25

	Tin + Wet soil (g)
	50
	54
	56
	68
	78

	Tin + Dry soil
	45
	44
	48
	55
	70

	Moisture (g)
	5
	10
	8
	13
	8

	Mass of dry soil (g)
	20
	19
	23
	30
	45

	Moisture content (g) 
	25.0
	52.6
	34.8
	43.3
	17.8

	Average moisture content (%)
	
	
	34.7
	
	

	Dry density (kg/m3) d =
	1.35
	1.16
	1.46
	1.54
	1.91




Table 4.3.2: Compaction Test Result for Sample C (Iponrin)
	
Test No 
	1
	2
	3
	4
	5

	Empty mould (kg)
	2635
	2635
	2635
	2635
	2635

	Mould + Wet Sample
	5830
	6107
	6520
	6696
	6819

	Wet Sample (kg)
	3195
	3472
	3885
	4061
	4184

	Bulk density,   (mg/m3)
	1.64
	1.79
	2.00
	2.09
	2.15



	
	C1
	C2
	C3
	C4
	C5

	Empty tin (g)
	25
	25
	25
	25
	25

	Tin + Wet soil (g)
	56
	59
	71
	78
	82

	Tin + Dry soil
	54
	54
	58
	59
	64

	Moisture (g)
	2
	5
	13
	19
	18

	Mass of dry soil (g)
	29
	29
	33
	34
	39

	Moisture content (g) 
	6.9
	17.2
	39.4
	55.9
	46.2

	Average moisture content (%)
	
	
	33.12
	
	

	Dry density (kg/m3) d =
	1.53
	1.53
	1.43
	1.34
	1.47



No of Blows = 25
No of layers = 3
Weight of rammers = 2.5kg
Height of the drop = 450mm
Volume of the mould = 2300cm3






ATTERBERG LIMIT TEST RESULT FOR EACH SAMPLES

Table 4.4: Atterberg Limit Test Result for sample A (Oke-Oyi)
	Test No
	No of blows
	Average No of blows
	Empty Tin
	Tin + Wet soil
	Tin + Dry soil
	Moisture (g)
	Mass of dry soil (g)
	Moisture content (%)
	A.V.M.C (%)

	1
	20
	16
	11
	15.7
	25
	40
	35
	5
	10
	50
	

	2
	11
	9
	8
	9.3
	25
	47
	40
	7
	15
	46.7
	67.7

	3
	8
	6
	4
	6
	25
	58
	41
	17
	16
	106.3
	





Table 4.4.1: Atterberg Limit Test Result for sample B (Agbeyangi)
	Test No
	No of blows
	Average No of blows
	Empty Tin
	Tin + Wet soil
	Tin + Dry soil
	Moisture (g)
	Mass of dry soil (g)
	Moisture content (%)
	A.V.M.C (%)

	1
	23
	17
	14
	18
	25
	35
	33
	2
	8
	25
	

	2
	17
	15
	13
	15
	25
	43
	37
	6
	12
	50
	36.1

	3
	12
	10
	9
	10.3
	25
	49
	43
	6
	18
	33.3
	




Table 4.4.2: Atterberg Limit Test Result for sample C (Iporin)
	Test No
	No of blows
	Average No of blows
	Empty Tin
	Tin + Wet soil
	Tin + Dry soil
	Moisture (g)
	Mass of dry soil (g)
	Moisture content (%)
	A.V.M.C (%)

	1
	23
	16
	15
	18
	25
	55
	50
	5
	25
	20
	

	2
	12
	8
	6
	8.7
	25
	56
	49
	7
	24
	29.2
	24.0

	3
	5
	4
	3
	4
	25
	57
	51
	6
	26
	23.0
	




4.5	LIQUID AND PLASTIC LIMIT TEST RESULT FOR SAMPLE A (OKE-OYI )
	 Test number
	1
	2
	3
	4
	5

	Type of test
	L.L
	L.L
	L.L
	P.L
	P.L

	Number of blow (L.L)
	30
	25
	15
	
	

	Container number 
	A1
	A2
	A3
	A4
	A5

	Mass of tin+ wet soil (g) 
	40
	42
	42
	44
	45

	Mass of tin +dry soil (g)
	36
	38
	39
	40
	41

	Mass of tin (g)
	25
	25
	25
	25
	25

	 Mass of moisture (g)
	4
	4
	3
	4
	4

	Mass of dry soil (g)
	11
	13
	14
	15
	16

	Moisture content (%)
	36.4
	30.8
	21.4
	26.7
	25


Table 4.5: Liquid & plastic limit test result on sample A (Oke-Oyi)    










Average Liquid Limit, (L.L) =[image: ][image: ]

      = [image: ][image: ]

       = 29.5%

Average Plastic Limit (P.L) = [image: ][image: ]
				     =  [image: ][image: ]
                                               = 26%
Plasticity Index (P.I) = Liquid Limit (L.L) – Plastic Limit (P.L) 
                                  = 29.5- 26  = 3.5 %


Table 4.5.1: Liquid & plastic limit test result on sample B
                  (AGBEYANGI)
	Test Number
	1
	2
	3
	4
	5

	Type of test
	L.L
	L.L
	L.L
	P.L
	P.L

	Number of blow (L.L)
	30
	25
	15
	
	

	Container number 
	B1
	B2
	B3
	B4
	B5

	Mass of tin+ wet soil (g) 
	44.0
	52.0
	43.0
	46.0
	34.5

	Mass of tin +dry soil (g)
	38.0
	45.0
	37.0
	42.5
	30.5

	Mass of tin (g)
	20.0
	20.0
	20.0
	20.0
	20.0

	 Mass of moisture (g)
	6.0
	7.0
	6.0
	3.5
	4.0

	Mass of dry soil (g)
	18.0
	25.0
	17.0
	22.5
	10.5

	Moisture content (%)
	33.3
	28.0
	35.3
	15.6
	38.0



Average Liquid Limit, (L.L) = [image: ][image: ]
      = [image: ][image: ]
      = 32%
Average Plastic Limit (P.L)    = [image: ]
		=  [image: ]

                             =26.8%
Plasticity Index (P.I) = Liquid Limit (L.L) – Plastic Limit (P.L)
                                  = 32 -26.8
			  = 5.2%

Table 4.5.2: Liquid and Plastic Limit Test Result Sample C (Iponrin)
	Test Number
	1
	2
	3
	4
	5

	Type of test
	L.L
	L.L
	L.L
	P.L
	P.L

	Number of blow (L.L)
	30
	25
	15
	
	

	Container number 
	C1
	C2
	C3
	C4
	C5

	Mass of tin+ wet soil (g) 
	45.0
	50.0
	44.0
	48.0
	45.0

	Mass of tin +dry soil (g)
	41.0
	42.0
	40.0
	42.0
	38.0

	Mass of tin (g)
	25.00
	25.00
	25.00
	250.0
	25.00

	 Mass of moisture (g)
	4.0
	8.0
	4.0
	6.0
	7.0

	Mass of dry soil (g)
	15.0
	14.5
	15.0
	17.0
	13.0

	Moisture content (%)
	26.7
	55.2
	26.7
	35.3
	53.8


Average liquid unit, (L.L) 	= [image: ]
  = 36.2%
Average plastic Unit (P.L) 	= [image: ]
 = 44.6%
Plasticity index (P.L) = liquid unit (L.L) – Plastic Limit (P.L)
= 44.6 – 36.2
= 8.4%




Table 4.6:California Bearing Ratio Test Result on the Samples 
Result for Sample A (Oke-Oyi Garage) 
Ring Factor = 0.212.

DIAL			READINGS
	
	PENETRATIONS
	TOP READING
	BOTTOM READING

	S/N
	(MM)
	Guage readings 
	Load readings  
(kgf)
	Guage readings
	Load readings(kgf)

	1
	0.50
	27
	79.11
	35
	102.55

	2
	1.00
	35
	102.55
	58
	169.94

	3
	1.50
	39
	114.27
	77
	225.61

	4
	2.00
	50
	146.50
	95
	278.35

	5
	2.50
	58
	169.94
	100
	293.00

	6
	3.00
	65
	190.45
	112
	328.16

	7
	3.50
	72
	210.96
	125
	366.25

	8
	4.00
	86
	251.98
	144
	421.92

	9
	5.00
	99
	290.07
	160
	468.80


Corrected Load (KN)
	Mm
	Top reading
	Bottom reading

	2.50
	169.94
	293.00

	5.00
	290.07
	468.80


CBR % = 2.50mm
CBR VALUE OF THE TOP LAYER= 
CBR VALUE OF THE BOTTOM=  
Average CBR value at a penetration of   2.50mm = (12.40 /2 = 23.095%

AT  5.00mm
CBR VALUE OF THE TOP LAYER= 
CBR VALUE OF THE BOTTOM=  
Average CBR value at a penetration of   2.50mm = (21.17 /2 = 38.28%

Table 4.6.1: Result for Sample B (Agbeyangi) 
Ring Factor = 0.212.
DIAL		READINGS
	
	PENETRATION
	TOP READING
	Bottom Readings

	S/N
	(MM)
	Guage reading 
	LOAD
Readings(kgf)
	Guage readings
	LOAD
Readings(kgf)

	1
	0.50
	3.6
	0.763
	2.0
	0.424

	2
	1.00
	6.0
	1.272
	3.0
	0.636

	3
	1.50
	8.2
	1.738
	4.8
	1.018

	4
	2.00
	11.8
	2..502
	9.0
	1.908

	5
	2.50
	17.0
	3.604
	11.4
	2.417

	6
	3.00
	22.0
	4.664
	14.6
	3.095

	7
	3.50
	28.0
	5.936
	19.0
	4.028

	8
	4.00
	34.2
	7.250
	24.0
	5.086

	9
	4.50
	39.0
	8.268
	29.2
	6.190

	10
	5.00
	40.0
	8.480
	33.0
	6.996


Corrected Load (KN)
	Mm
	Bottom
	Top

	2.50
	3.604
	2.417

	5.00
	8.480
	6.996


CBR % = 2.50mm  [image: ][image: ] and 5.00mm [image: ]


	Mm
	Bottom
	TOP

	2.50
	27.221
	18.225

	5.00
	43.265
	35.694

	Actual
	43.265
	35.694

	Average 
	39.479








Califonia Bearing Ratio, C.B.R = 40%
Table 4.6.2: California Bearing Ratio Test Result on the Sample 
Result for Sample C (Iponrin)
Ring Factor = 0.212
DIAL		READINGS
	PENETRATION
	Bottom
	TOP

	(MM)
	DIAL 
	LOAD
	DIAL
	LOAD

	0.50
	6.0
	1.272
	5.9
	1.251

	1.00
	10.6
	2.247
	8.0
	1.696

	2.00
	21.3
	4.516
	18.6
	3.943

	2.50
	34.7
	7.356
	20.8
	4.409

	3.00
	38.6
	8.183
	23.8
	5.046

	3.50
	41.5
	8.798
	31.5
	6.678

	4.00
	48.6
	10.303
	37.0
	7.844

	4.50
	52.1
	11.045
	39.6
	8.395

	5.00
	58.2
	12.338
	41.3
	8.756


Corrected Load (KN)
CBR % = 2.50mm  [image: ][image: ] and 5.00mm   [image: ][image: ]
	Mm
	Bottom
	TOP

	2.50
	55.559
	33.301

	5.00
	62.949
	44.673

	Actual
	62.949
	44.673

	Average 
	53.811



4.7	DISCUSSION OF SIEVE ANALYSIS, COMPACTION, ATTERBERG LIMIT CALIFORNIA BEARING RATION RESULTS
From the laboratory test carried out, it was observed that nearly one hundred percent sand fractions are in the range between 0.3mm and 0.2mm grain size for the three samples.
It is also discovered that the coefficient of uniformity of the three samples are greater than four (4), hence it conforms to the AASHTO soil classification which says that D10/D60 greater than 4 are well graded clayed gravel with little sand.
AASHTO soil classification recommends that coefficients of curvature between 0.5 and 0.3 is said to be well graded for clayed gravel with little or no sand hence, from the result of coefficient of curvature, the soil in sample A, B and C did not conforms with the conditions and cannot be termed as well clayey gravel soil.
The result on the dry density ranges from 1980kg/m3 and the optimum moisture content ranges from 8 – 15%. The three samples conformed to the AASHTO soil classification and the three samples are adequate for road construction.
The test result shows that the liquid limit ranges from 29 – 36.2%. Plastic limit from 26.9 – 44.6% and plasticity index from 3.5 – 8.4%. Therefore, the samples conform to the standard classification of the highway subgrade materials according to “Public Roads Administration 1945” which says that any soil sample that is less than 50% is adequate for road construction.
The result of California Bearing Ratio ranges from 40 – 54%. This shows that sample A, B and C are not adequate for base material according to standard specification (75 – 100%), and hence they can be used as sub-base materials.
Sample C (Iponrin) should be adequately compacted at maximum dry density and optimum moisture content in order to attain adequate strength because it has a significant influence on the bearing capacity of the soil.
I hereby recommend in respect with the availability of the soil in Agbeyangi (Sample B) that it is most suitable and should be used or can be used for road construction, while sample A (Oke-Oyi) is the next suitable soil for road construction, then sample C (Iponrin) is the least suitable for the construction of road.

CHAPTER FIVE
5.1 CONCLUSION AND RECOMMENDATION 
5.2 CONCLUSION
As this project deals with the suitability of the available lateritic soil materials from selected trial pits in Ilorin East Local Government. The conclusion based on the result obtained after all the laboratory tests have been carried out, with respect to their conformity with the standard specifications.
Based on the tests carried out, it was observed that sample C (Iporin) is poorly graded due to sieve analysis result while sample A (Oke-Oyi) and sample B (Agbeyangi) are well graded soils.
The Atterberg limit test performed on the soil samples shows that the sample rtB from Agbeyangi has the highest plasticity index followed by Sample A (Oke-Oyi), but the sample from (Iporin) sample C has the least plasticity index, this shows that it has little quantity of clay particles and it means it has the highest value of the void ratio.
Furthermore, with the compaction test, it was also observed that sample ‘B’ has the highest bearing capacity compared to the other two samples and this was also confirmed in the results obtained from the CBR test. The result also shows that sample B (Agbeyangi) has the highest coefficient of uniformity (cu) followed by sample A (Oke-Oyi) while sample C (Iponrin) has the highest coefficient of curvature (cc)
5.3 RECOMMENDATION
	Based on the observation on the results and specification guiding each test. It was recommended majorly in view of the CBR that all the three samples are good as sub-base materials.
Sample C (Iponrin) should be adequately compacted at maximum dry density and optimum moisture content in order to attain adequate strength because it has a significant influence on the bearing capacity of the soil.
	I hereby recommend in respect with the availability of the soil in Agbeyangi (sample B) that it is most suitable and should be used or can be used for road construction, while sample A (Oke-oyi) is the next suitable soil for road construction, then sample C (Iponrin) is the least suitable for the construction of road.
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