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ABSTRACT
This research project presents a comparative study of some geotechnical properties of laterite soils obtained from two distinct locations—Oshin in Ilorin South Local Government Area and Alagbaa in Ilorin East Local Government Area, both in Kwara State, Nigeria. The primary objective is to evaluate and compare the engineering properties of the lateritic soils to determine their suitability for various construction purposes, such as roadworks and foundation materials. Soil samples were collected from both locations and subjected to standard laboratory tests, including natural moisture content, Atterberg limits (liquid limit, plastic limit, and plasticity index), grain size distribution, compaction test (Maximum Dry Density and Optimum Moisture Content), California Bearing Ratio (CBR), and permeability test. The results revealed significant differences in some geotechnical parameters, which can be attributed to variations in soil formation processes, mineral composition, and environmental conditions in the two locations. Generally, the laterite soil from Alagbaa exhibited higher strength and bearing capacity, making it more suitable for subgrade and sub-base construction. In contrast, the soil from Oshin showed moderate plasticity and lower CBR values, suggesting the need for stabilization before use in structural applications. The findings of this study highlight the importance of site-specific soil investigation prior to construction and provide useful data for engineers and planners working on infrastructural development within Kwara State.
Keywords: Laterite Soil, Geotechnical Properties, Comparative Study, Ilorin South, Ilorin East, Soil Suitability.










CHAPTER ONE
INTRODUCTION
1.1   Background of the Study
Lateritic soils are products of intense chemical weathering of rocks in tropical and subtropical regions. They are highly variable in composition and properties, depending largely on the nature of the parent rock, drainage conditions, climate, and the extent of weathering (Gidigasu, 1976). These soils often contain high amounts of iron and aluminum oxides, giving them their characteristic reddish or brownish color. In Nigeria, laterite is extensively used in both rural and urban construction due to its wide availability and cost-effectiveness.
The engineering performance of lateritic soil can, however, vary significantly. In some locations, the soil exhibits high bearing capacity and good compaction properties, making it suitable for road bases and sub-bases. In other areas, it may be too clayey or silty, requiring stabilization or improvement before use. According to Osinubi and Eberemu (2006), the physical and engineering characteristics of lateritic soils must be thoroughly evaluated before they are used for structural purposes.
This project focuses on the comparative analysis of lateritic soils from Oshin in Ilorin South and Alagbaa in Ilorin East, both in Kwara State, Nigeria. These locations were chosen due to observed differences in performance during construction activities within the region. The study evaluates parameters such as grain size distribution, Atterberg limits, moisture content, compaction, specific gravity, and California Bearing Ratio (CBR), which are critical for assessing the geotechnical behavior of lateritic soils (Bello, 2012; Das, 2010).

By examining these properties, the study aims to determine the suitability of the soils from both areas for engineering works such as road construction, embankment fill, and foundation support. This comparison will help inform better construction practices and material selection within the region
1.2 Location and Accessibility
Oshin is located in ilorin South L. G.A, Kwara State Nigeria, approximately 08.5282° N latitude and 004. minor road branching 6430°E longitude. It has along a minor road branching from offa Garage road, accessible via Paved and laterite reads. The area is Semi-urban, with residential buildings, farmlands and Open Plots.
Alagbaa in Contrast is situated in ilorin East L.G.A car Kwara State, at about 8.5112° N and 4.6330° E. It is accessed through the Sawmill-Olorunsogo axis and extends into areas with active lateritic excavation the route is motor able but mostly unpaved, Particularly Closer to the excavation site.
The selection of the locations was based on their accessibility, ongoing usage of laterite for Construction and Contrasting environmental and geological conditions.
1.3Climate and Vegetation
The Climate in back oshin and Alagbaa falls under the tropical wet and dry (Aw) zone according to koppen Classification. The regions experience two main seasons: The rainy season (April to October) and the dry season (November to March) Annual rainfall ranges between 7,100 mm to 1,300mm, with average daily temperatures between 24°C Land 32°C.
Vegetation in Oshin Consists of Savanna grassland mixed with shrubs and Scattered tress. In Alagbaa, however, vegetation is more disturbed due to Urbanization and laterite mining activities, leading to Sparse grass Cover and exposed topsoil.
1.4   Drainage and Relief
The Drainage and Relief of Oshin lies on a gently undulating terrain with an average elevation of 290- 320 meters above sea level. The area is drained by season but dry up afterword. Water infiltration is moderate. Contributing to weathering and soil Profile development.
Alagbaa is located on a more elevated and steeper terrain, approximately 310-340 meters above sea level. Drainage is Characterized by higher run off and slightly deeper gullies due to soil erosion, the topography influence the degree of laterization and affects soil particle Sorting and strength.
1.5 Aim and Objectives
Aim
The Aim is to compere the geotechnical Properties of laterite soil in oshin (ilorin South) and Alagbaa (ilorin East) to evaluate their suitability for Construction works.
Objectives
· To Identify and Classify the lateritic Soil based on visual and index properties.
· To determine specific geotechnical Parameters (e.g. moisture Content, Atterberg limits, Compaction, Permeability, and Strength). 
· To Compare the test results between the two sites.
· To evaluate the potential use of each soil type in engineering application (e.g., road Subbase foundations). 
1.6. Statement of Problem
In kwara State, laterite is widely used for Construction Without Proper geotechnical testing, often resulting in structural failures or poor road Conditions. Despite its abundance, lateritic soil varies greatly in strength, Plasticity, and Compaction behavior depending on the local environment. These is a need to establish a Comparative understanding of how location-specific factors affect these geotechnical Properties 1. This research addresses the gap in Systematic evaluationof lateritic Soils in oshin and Alagbaa, aiming to Promote. Safer and more efficient Construction practice.
1.7 Justification of the study.
The Justification for this research lies in the growing demand for reliable and Cost-effective Construction materials within Kwara State.
Lateritic Sails are among the most commonly Sourced fill and foundation materials. A detailed geotechnical Comparison will provide engineers, Contractors and Policy-makers with vital data for selecting appropriate Soil Sources. Additionally, I will contribute to academic knowledge on regional soil behavior and support future infrastructural Planning.
1.8 Scope and Limitation Scope
The study Cover two location in ilorin: Oshin (South L.GA and Alagbaa Last L.G.A). Soil Samples are Collected at various depths 10.5m to 1.6m) and Subjected to laboratory analysis for parameters such as:
· Natural moisture Content
· Particle Size Distribution
· Atterberg limits
· Compaction Characteristics Permeability
· Shear Strength CBR or unconfined Compressive Strength).
Limitation!
• The study does not cover the chemical Composition or mineralogical analysis of the soils.
•Testing is limited to disturbed Soil samples. 
• Field testing like Cone Penetration or In-situ vane Shear was not carried out due to logistical Constraints
 •Seasonal Variations in soil moisture or Properties are not fully as sampling was done during the dry season.








CHAPTER TWO
LITERATURE REVIEW
2.1 Review of Previous Studies.
Several Studies have examined the geotechnical Proper ties of lateritic Soils across Nigeria. Researchers such as Gidigasu (1976) and ola (1983) highlighted that lateritic Soils are residual soil formed under tropical Construction. Adebayo (2000) Compared Soil in Ilorin and Ibadan, finding Vacation in strength due to mineralogical composition. Localized studies in Kwara State Leg Yusuf &amp; Ajiboye, 2015 Showed differences in Compaction shear strength, and permeability between regions due to geology and vegetation.
Gidigasu (1976) Classified lateritic Soils based on their pedological and engineering behaviors, highlighting their Variability in strength and permeability depending on their Origin and environment conditions His work remains a foundation reference in tropical Soil engineering.
Ola (1983) investigated the geotechnical Characteristic of (lateritic Soil in western Nigeria and noted that their engineering behavior is strongly influenced by the degree of weathering and the Parent rock.
He emphasized the need for local testing before use in Construction, even within Similar regions.
 Adebayo (2000) Conducted a Comparative study on lateritic Soil in ilorin and Ibadan concluding that while both location Produce Similar Sail types, their bearing capacities, Plasticity indices, and Compaction Characteristics differ due to geological and Climatic variations.
Ogunribido (2012) evaluated the engineering Suitability of lateritic Soils in Parts of Southwestern Nigeria, confirming that even soils from that the same geological formation can exhibit different behaviors, depending on microclimatic and mineral logic differences.
Yusuf and Ajiboye (2015) studies the properties of lateritic Soil in different parts of Kwara State and observed that soil samples from ilorin South L. G.A had highest natural moisture Content and Plasticity than those from ilorin. East. They attributed the differences to variations in drainage Conditions, vegetation Cover, and proximity to bedrock Out Crops.
2:2 Overview of Lateritic Soil
Lateritic Soil are residual soil formed in tropical region with high rainfall and temperatures, where intense weathering and leaching processes remove silica and bases, leaving behind iron and aluminum oxides. These Soil are common in west Africa, including Nigeria, and are known for their reddish-brown color and Variable texture (Osinubi &amp; Eburemu, 2006).
Lateritic soil develops from Various Parent Rocks Such as granite, gneiss, or sandstone, and their Characteristic depend on the local geology, Climate and drainage Condition (Adeyemi, 2002) They are often used in construction for road bases embankments, and fill materials, because of their good bearing Capacity when Compacted and stabilized (Amu et al 2002).
However, Lateritic soils may exhibit high plasticity, low Permeability, and reduced strength when et especially if the Clay Content is high. As such Stabilization using lime, Cement, or Pozzolcax materials is often necessary to improve their Performance in engineering applications (Bello et al, 2010).
In Nigeria, lateritic Soil Play a vital role in Construction due. to their abundance but understanding their geotechnical behavior is essential to ensure structural safety and durability. 
2.3 GEOLOGY OF NIGERIA
Nigeria Geology has a Complex and diverse geological structure that is broadly Classified into four main geological components: 
· The Basement Complex 
· The Younger Granites
· The Sedimentary Basins 
· Volcanic Rocks
The geology of Nigeria Spans from the Archean to the Recent and is composed of two Mayor lines: the Precambrian Basement Complex and the sedimentary Basins (Obaje 2009). The Basement Complex covers about 50% of the Country and consists of ancient Crystalline Rocks Such as gneisses, migmatites, schists, and granites. These rocks are the Parent materials for many lateritic soil, Particularly in Southwestern and Central Nigeria.
The Sedimentary basing which include the Niger Delta, Benue Trough, Chad Basin, and Sokoto Basin, developed Primarily due to the rifting events associated with the Opening of the South Atlantic Ocean during the Cretaceous period, these basins were shaped by tectonic forces and filled with Sediment during the Cretaceous and Cenozoic eras (Tse & Goki, 2014).
Nigeria geology Plays a vital role in supporting The groundwater reserves mineral resources and the development of Soil Profiles like lateritic especially in tropical regions such as Kwara State, (Olorunfemi & fasunwon, 1997). The geological framework strongly influences soil Composition for, weathering Patterns, and geotechnical behavior across different regions.
The Basement Complex areas, especially in Kwara state, where the Study locations (Oshin and Alagbaa) are situated typically weather into residual lateritic soil. These soil reflect the Mineralogical Composition of their parent rocks and are often rich in iron and aluminum Oxides [image: C:\Users\dell\Desktop\mechanical project\IMG-20250722-WA0000.jpg]due to intense Chemical Weathering Processes. (Olorunfemi &Fasunwon 1992).

Figure 2.1    Geology of Nigeria


2.4 Geology of the Study Area
The geology of a study area refers to the earth materials, rock formations and geological Processes and Sub-Soil Characteristics.
The study areas, Oshin and Alagbaa are both located. within the Morin region of Kwara state, Nigeria but fall under. different local government areas - ilorin South and ilorin East respectively. Geologically, these areas lie with the Basement Complex terrain of south western Nigeria, which is predominantly Composed of Precambrian crystalline rock such as granite, gneiss. and Schist (Rahaman, 1988).
 The rock has undergone Prolonged weathering under tropical Climatic Conditions, resulting in thick lateritic soil Profiles. Despite being in the Same broader region, local Variation in geomorphology, drainage, and weathering depth. Can Influence the differences in Soil behavior observed between oshin and Alagbaa. The Base Complex Geology Plays the mineralogical and mechanical Characteristic of the Soil Such as strength, permeability and Compaction behavior which are vital to geotechnical studies (Obaje, 2009), (Olorunfemi&fasuyi, 1993).
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Figure 2.2   Geology of the Study Area (Oshin & Alagbaa)
2.5 Origin of Lateritic Soil 
Lateritic soil is the result of intense and prolonged weathering of rocks in tropical and Subtropical regions, Under Specific Climatic and environmental Conditions. Their formation involves the leaching of silica and the accumulation of iron and aluminum oxide in the Soil Profile, a Process known as laterization (Gidigasu 2009).
The key factors influencing the origin of lateritic include Climate, Parent rock, topography, drainage, and time in areas like ilorin, Nigeria, the alternating valet and dry season, high temperature, and heavy rainfall promote Chemical weathering and leaching, which enrich the soil with iron and aluminum hydroxides. Over time these Compounds give the soil it's distinct reddish-brown coloration and granular texture (Osinubi& Eberamu 2010).
The parent rock type strongly determines the mineral Composition of the resulting laterite. In Southwestern Nigeria Igneous and metamorphic rock such as granite, gneiss, and Schist Contribute Silica, feldspars, and shish Contribute Silica, feldspars, and micas w which break down into kaolinite and sesquioxides under prolonged leathering (Agheimelu & Okogbue, 2011). The residual Soil formed are highly variable but generally Contain low amounts of organic matter, moderate Plasticity, and high iron Content.
Lateritic Soil may appear in different forms- lateritic gravel, nodules, or hardened Crust laterite hardpan)- depending I on the depth and maturity of the soil profile. these Variations influence their geotechnical behavior and usability. in Construction Adeyemi, 2002).
2.6 Formation of Lateritic Soil
The formation of lateritic soil is a result of Intense and prolonged Chemical weathering of rock in tropical and Subtropical Climates. The process, called laterization, leads leaching of Silica and bases (like Calcium, Sodium and Potassium), while iron and aluminum oxides accumulate in the Soil Profile (Gidigasu, 2009).
Lateritic soil typically forms in regions, with!
· High rainfall
· Warm temperature
· Well drained terrain
These environmental Conditions accelerate the hydrolysis of Silicate minerals such as feldspar and mica, leading to the development of secondary minerals like kaolinite, goethite, and hematite (Aghamelu & Okogbue 2011).
The typical formation process involves
i. Weathering of Parent rock (igneous, metamorphic, Or sedimentary)
ii. Leaching of soluble Constituents by infiltrating rainwater
iii. Accumulation of insoluble oxides of iron and aluminum.
iv. Cementation and hardening, forming lateritic Crusts under prolonged dry Conditions.
In Nigeria, the laterization Process is Commonly Observed in areas like ilorin due to its tropical Savanna Oshin and Alagbaa. Climate the Parent rock types in area mainly granite and gneiss - also influences the natural and Properties of the resulting later tic Soils Adeyemi 2002).
2.7 Strength of lateritic Soil
 The Strength of lateritic meter in geotechnical engineering especially for Construction applications such as road subgrades foundation, embankments, and retaining structures. Lateritic soil generally exhibits good strength Characteristics when properly Compacted and dried. However, their strength is highly variable and depends on several factors such as mineralogical Composition degree of weathering, moisture Content and Compaction Conditions (Gidigasu, 1916, Ola 1983).
Caidigasu, M.A 1996). Lateritic Soil Engineering. Elsevier Scientific Publishing Company.
Ola, SA 1983 Geotechnical Properties and Behavior of Nigerian Lateritic Soils. Engineering Geology, 1942), 133-148
Lateritic soil derives much of their strength from the Presence of Iron and aluminum oxides, which act as natural Cementing agents binding the soil particles together (Gidigasu 2009.). When Compacted at optimum moisture Content; lateritic soil exhibits high Shear Strength and bearing Capacity, making it suitable for use in Pavement layers’ embankments, and subgrade (Osinubi & Nwaiwu, 2006).
However, Strength Properties vary with soil structure, degree of weathering and drainage, for example, unconfined Compressive Strength (UCS) can range from 100 to 800 KN/m2 depending on these variables (Adeboyo et al. 2018).Moreover, stabilized lateritic soil Leg, with lime or Cement Shows even better strength performance, often used in road Construction (Amu 8 Adetubery, 2010).
In the Context of the study areas - Oshin and Alagbaa in ilorin Kwara State the strength of the lateritic Soil is expected to Cary Slightly due to local geology. Mineral Composition and degree of laterization.


CHAPTER THREE
MATERIALS AND METHOD
3.1 Materials and Method.
This Chapter Outlines the procedures used in Collecting Preparing and testing the lateritic soil sample Obtained from Oshin and Alagbaa in Kwara State. the laboratory test was conducted using Procedures. in accordance with Nigeria civil engineering practice Particularly the guidelines from the federal ministry of works and Housing (FMWH, 1991), Nigerian Building and Road Research institute (M.BRRI) and local Soil mechanics textbooks.
3.2 Sample Collection and Preparation
Soil Samples Were Collected from trial Pits at a depth of approximately 1.0m at both Oshin and Alagbaa location. The disturbed Sample we were obtained using a hand auger stored in labeled Polythene bags. to Prevent moisture loss in the laboratory Samples were air-dried, Pulverized, and sieved through a 4.75mm sieve to remove debris and organic materials before testing BS 1377-1:1990).
According to (Osinowo et al. (2012), Soil Sampling is a Crucial step in geotechnical investigation. Disturbed Soil samples were Collected at depth intervals between 0.5m and 1.5m using hand augers. the Samples were immediately sealed in polythene bags to prevent moisture loss and were labeled. based on location and depth.
3.3 Laboratory Analysis
Laboratory test were Carried out to determine the geotechnical Properties of the soil, these include.
i. Particle size distribution
ii. Atterberg limit (Liquid limit, Plastic limit, Plasticity Index
iii. Natural Moisture Content
iv. Specific Gravity
v. Bulk Density
vi. Compaction Characteristics.
vii. California Bearing Ratio (CBR)
Ola 1983) emphasized that laboratory test must conform to standard procedures to ensure accuracy. In this study, laboratory analyses were performed in accordance with British standard BS 1377/1990) Test Conducted include: Atterberg limit Sieve analysis, specific gravity, moisture content, bulk. density, CBR, and Compaction.
3.4 Grain Size Distribution
 The Grain Size distribution was determined using sieve analysis for particles larger than 0.075mm in size. The dried. Soil was placed in a mechanical Standard Sieves arranged on each sieve was used to calculated the Cumulative percentage. Passing. According to Adeleke (2001) stated that sieve analysis help Classify Soil based on Particle Sizes. the mechanical sieve method was used with a 500g Oven-dried sample, Passed Chrough sieves. ranging from 4.78mm to 0.075mm.
1.mectiatical Sieve Analysis
The Sieve analysis method was used to determine the particle size distribution of the coarse and du medium fraction Particle greater than 45 microns The process involved the following Steps.
2.Air-drying and weighting: Approximately Bony of each disturbed Soil sample was air-dried and weighted
3. Sieving Procedure: The soil was placed in of standard BB Sieves arranged in descending order of aperture size Pranging from (4.76mm to 76 Nm). The Sieve Stack mechanicalshankes and agitated for 10-15 minutes.
4. weighting retained materials: The soil retained on each sieve was carefully weight, and the Cumulative Percentage retained was Calculated.
5. Plotted grain Size Curse: The percentage Passing was plotted against the Sieve Size on a semi-logarithm graph to obtain the particle size distribution curve.
The outcome of the test was used Classify the sail based on the relative Proportions of gravel Sand and fines. According to (Ojetia (2022), this 46 method is effective in identifying well-graded and poorly-graded Soils, which is essential for Engineering we such as Pavement layers
earth dams.
3.5 Compaction Test
The Compaction test is a fundamental geo technical test used to determine the maximum dry density (man) and Optimum Moisture Content (OMC) of Soil.
These two parameters are essential for assessing a Soil Can Be Compacted in the field to achieve maximum strength and stability. BS 1377. Part 4 (2016)
Compaction improves soil Properties such as strength Stiffness and permeability, making of suitable for foundationwork, roads Subgrades, embankment, and eat earth dam. Mustapha (2005), discussed Compaction test that help determine the optimum moisture Content (OMC) and maximum Dry Density (MDD) of soil. The standard Proctor test {2.5kg Rammer) was adopted.
3.6 Determination of Compaction Ratio
The Compaction Ratio also referred to as relative Comparation or degree of Compaction as a Critical Parameter used to assess the effectivities of Soil Compact on in the field. It is defining as the ration of the field dry density to the maximum dry density Obtained from 4 Laboratory Compaction test (Holtz Kovacs, 1998). This ratio is essential for evaluating whether Compaction efforts satisfy design specifications, particularly in geotechnical application such as highway Construction, embankments,and foundation works.
Achieving and adequate Compaction ratio fundamental to enhancing Soil performance, as it Contributes to Improved shear, strength, reduce. Compressibility, lower permeability and overall stability under structure loads (Das, 2010), the test procedures were carried Out in accordance with BS 1377 (2016) and ASTM Di557(2012) Consistent with methodologies applied in studies by Ojuri (2013) and Etuke et al. 2013.
3.7 California Bearing Ratio (CBR) Test
The California Bearing Ration test is a penetration test developed by the California State Highway Department to evaluate the strength of Subgrade materials. It is widely used to determine the bearing Capacity of Soil used in road and Pavement Construction the test Compares the Penetration resistance of a soil sample to that of a Standard Crushed stone under Controlled moisture and density Conditions.
The CBR value is expressed as a Percentage and is Calculated by dividing the pressure required to Penetrate the soil sample by the pressure required for the standard material.
According to Arora (2003) the CBR test helps in the Classification of soil and determines their Suitability for Pavement design.Gidigasu (1976) also emphasized the importance of the CBR test in evaluating the engineering behavior of lateritic Soils especially in tropical regions. British BS 1377(1990) outlines The Standard BS 1377 (1990) Outlines the standard procedure for Conducting the test laboratory Setting.


CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results of Natural Water Determination
The results of natural water determination are shown in table 4.1 below.
Table 4.1: Natural Water Content Determination for Sample A and B
		SAMPLE A						SAMPLE B
	Boring no.
	
	
	
	
	

	Container no (Cup)
	
	
	
	
	

	Wt of cup + Wet soil (g)
	134.5
	135.0
	
	162.5
	118.0

	Wt of cup + dry soil (g)
	128.0
	129.5
	
	154.5
	112.5

	Wt of cup (g)
	25.5
	25.0
	
	34.5
	24.5

	Wt of dry soil. (g)
	102.5
	104.5
	
	120.0
	88.0

	Wt of water (g)
	6.5
	5.5
	
	8.0
	5.5

	Water content %
	6.3
	5.3
	
	6.7
	6.3


 Average water content (%) = 5.8%					6.5%
4.2	Discussion on Natural Water Determination
The natural water determination for sample A and Sample B is 5.8% and 6.5% respectively. It is to determine the amount of water present in a quantity of soil in terms of its dry weight. The natural water determination of various soils varies generally ranging from about 10 to15% for sand, 15 to 30% for silt and 30 to 50% for clay. The low value of natural water determination content for Sample A and B indicates that the water table fluctuates during the dry season (Sidi et al., 2015). 

4.3	Results of Specific Gravity
The results of Specific Gravity is shown in Fig. 4.2 below
Table 4.2. Specific Gravity Determination for Sample A and B
			SAMPLE A      SAMPLE B
	SAMPLE LABEL
	
	
	

	WT OF EMPTY BOTTLE (g) (W1)
	103.0
	103.0
	

	WT OF EMPTY BOTTLE+1/3 OF SOIL (g) (W2)
	153.0
	153.0
	

	WT OF EMPTY BOTTLE+1/3 OF SOIL+WATER (g) (W3)
	229.5
	230.0
	

	WT OF EMPTY BOTTLE+WATER ONLY (g) (W4)
	198.0
	198.0
	

	SPECIFIC GRAVITY = 
	2.70
	2.78
	



4.4	Discussion on Specific Gravity Determination
The specific gravity of the soil depends on the amount of sand and also depends on their mineral constituents and mode of formation of the soil. The results of the specific gravity analysis on soil samples of Sample A and Sample B are 2.70 and 2.78 respectively. Comparing these specific gravity values to some common soil types from (Lambe, 1969). (Table 4.3) shows the specific gravity of each soil type.It can be deduced from Table 4.3 that the specific gravity of soil sample A and B can be described as inorganic soil.


Table 4.3. Typical Values of Specific Gravity of Soil Samples (Lambe and Whiteman, 1969)
	
SOIL TYPES
	
SPECIFIC GRAVITY

	
Sand
	
2.65 – 2.67

	
Silty sand
	
2.67 – 2.70

	
Inorganic soil
	
2.70 – 2.80

	
Soil with mica or iron
	
2.75 – 3.00

	
Organic
	
Variable but may be under 2.0




4.5	Results of Grain Size Analysis
The results of grain size analysis are shown in table 4.4 below.
Table 4.4: Grain Size Analysis for Sample A and B
Sieve analysis and Grain Size A                                    Sieve analysis and Grain Size B
	Sieve No
	Diam. (mm)
	Wt. retained
	% retained
	% passive
	Diam. (mm)
	Wt. retained
	% retained
	% passive

		
	19.00
	
	
	
	19.00
	0.0
	0.0
	100.0

	
	16.00
	0.0
	0.0
	100.0
	16.00
	12.5
	2.5
	97.5

	
	8.00
	68.5
	13.7
	86.3
	8.00
	67.0
	13.4
	84.1

	
	4.75
	141.0
	28.2
	58.1
	4.75
	111.0
	22.2
	61.9

	
	2.36
	134.0
	26.8
	31.3
	2.36
	149.5
	29.9
	32.0

	
	1.00
	88.0
	17.6
	13.7
	1.00
	124.0
	24.8
	7.2

	
	0.50
	37.0
	7.4
	6.3
	0.50
	29.0
	5.8
	1.4

	
	0.425
	-------
	---------
	--------
	0.425
	---------
	---------
	---------

	
	0.30
	12.0
	2.4
	3.5
	0.30
	3.0
	0.6
	0.8

	
	0.25
	5.0
	1.0
	2.9
	0.25
	0.2
	0.04
	0.76

	
	0.150
	6.5
	1.3
	1.6
	0.150
	0.2
	0.04
	0.72

	
	0.090
	-------
	-------
	-------
	0.090
	-------
	-------
	-------

	
	0.75
	5.5
	1.1
	0.5
	0.075
	1.0
	0.2
	0.52

	
	PAN
	2.0
	0.4
	
	PAN
	1.0
	0.2
	



4.6	Discussion of Grain Size Analysis
The graphical representation of the results of the grain size analysis (Fig. 4.1) of Sample A indicates that the Gravel is of high dominance with percentage of 72%, followed by Sand with percentage of 28% while Sample B (Fig. 4.2) contains 73% gravel and the sand is 27%, this as such is classified as sandy gravels in accordance to the USCS classification (Table 4.5).
In accordance to the USCS classification.On the Unified Soil Classification Chart (Table 4.5), sample A and Sample B have the group symbol SW and are classified as pervious, and it has an excellent shear strength when compacted and saturated, negligible compressibility when compacted and saturated and has excellent workability as construction material which can resist erosion. 





































Fig. 4.1: Grain Size Analysis for Sample A
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Fig. 4.2: Grain Size Analysis for Sample B


TABLE 4.5: Unified Soil Classification System (USCS)
	Major divisions
	Subdivisions 
	USCS Symbol
	Typical names
	Laboratory classification criteria

	Coarse gained soils   (more than 50% retained on no. 200 sieve)
	Gravels (more than 50% of coarse fraction retained on no. 4 sieve
	GW
	Well graded gravels or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	GP
	Poorly graded gravels or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	GM
	Silty gravels, gravel-sand-silt mixtures
	More than 12% fines

	
	
	GC
	Clayey gravels, gravel-sand-clay mixtures
	More than 12% fines

	
	Sands (50% or more coarse fraction passing no. 4 sieve
	SW
	Well graded sands or gravel-sand, little or no fines
	Less than 5% fines

	
	
	SP
	Poorly graded sands or gravel-sand mixture, little or no fines
	Less than 5% fines

	
	
	SM
	Silty sand, sand-silt mixture
	More than 12% fines

	
	
	SC
	Clayey sand, sand-clay mixture
	More than 12% fines

	Fine grained soils (50% or more passes the no. 200 sieve)
	Silts and Clays
(liquid limit less than 50%)
	ML
	Inorganic silts, rock flour, silts of low plasticity
	Inorganic soils

	
	
	CL
	Inorganic clays of low plasticity, gravelly clays, sandy clays, etc
	Inorganic soils

	
	
	OL
	Organic silts and organic clays of low plasticity
	Organic soils

	
	Silts and Clays (liquid limit 50% or more)
	MH
	Inorganic silts, micaceous silts, silts of high plasticity
	Inorganic soils

	
	
	CH
	Inorganic highly plastic clays, fat clays, silty clays, etc
	Inorganic soils

	
	
	OH
	Organic silts and organic clays of high plasticity
	Organic soils

	Peat 
	Highly organic
	PT
	Peat and other highly organic soils
	Primarily organic matter, dark in colour and organic odour





4.7	Results of Atterberg Limit Determination
The results of Atterberg Limit Determination are shown below.
Table 4.6: Liquid Limit Determination for Sample A 
	Can no.
	26
	12
	K5
	AA
	

	Container no (Cup)
	
	
	
	
	

	Wt of Wet soil + can (g)
	36.5
	35.5
	35.5
	32.5
	

	Wt of dry soil + can (g)
	34
	32.5
	33
	30
	

	Wt can (g)
	24.5
	24
	25.5
	24
	

	Wt moisture (g)
	9.5
	8.5
	7.5
	6
	

	Water content, w%
	26.3
	37.5
	33.3
	41.7
	

	No of blows N
	45
	34
	22
	16
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Flow index F1 = 
Liquid limit = 37.0%
Plastic limit = 16.1%
Plasticity Index Ip = 20.9%
IP = LL - PL= 37 - 16.1 = 20.9
Table 4.6.1.  Plastic Limit Determination for Sample A
	Can no.
	25
	E1

	Wt. of Wet soil + can (g)
	31
	30

	Wt. of dry soil + can (g)
	30
	29

	Wt. of can (g)
	23.5
	23

	Wt.  of dry soil
	6.5
	6

	Wt. of moisture (g)
	1
	1

	Water content. w% = w
	15.4
	16.7






Table 4.6.2: Liquid Limit Determination for Sample B
	Can no.
	T1
	A1
	H3
	G2

	Wt. of Wet soil + can (g)
	34
	32.5
	32.5
	31.5

	Wt. of dry soil + can (g)
	31.5
	29.5
	30
	29

	Wt. can (g)
	25
	22.5
	25.5
	24

	Wt. of dry soil
	6.5
	7
	4.5
	5

	Wt. moisture (g)
	2.5
	3
	2.5
	2.5

	Water content, w%
	38.5
	42.9
	55.6
	50.0

	No of blows N
	40
	22
	20
	10


 (
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60
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Flow index F1 = 
Liquid limit = 43.0%
Plastic limit = 21.1%
Plasticity index Ip = 21.9%
IP = LL - PL
= 43.0% - 21.1% = 21.9%
Table 4.6.3: Plastic Limit Determination for Sample B
	Can no.
	D4
	24

	Wt. of Wet soil + can (g)
	24
	24.5

	Wt. of dry soil + can (g)
	23
	23.5

	Wt. of can (g)
	18.5
	18.5

	Wt.  of dry soil
	4.5
	5

	Wt. of moisture (g)
	1
	1

	Water content. w% = w
	22.2
	20.0



4.8	Discussion on Atterberg Limit Determination
The results of Atterberg consistency limits carried out on the soil sample, Sample A gave the following values: liquid limit of 37.0%, plastic limit of 16.1%, plasticity index of 20.9%, while Sample B has the following values for each of the parameter: liquid limit of 43.0%, plastic limit of 21.1% and plasticity Index of 21.9%. According to Holtz and Cubbs, Volume change potential, 1936) as having a moderate volume change (Table 4.6.4). Drawing inferences from these values, the soil samples suggests that they have moderate potential to swell or shrink (Madedor, 1983). The plot of the result on the plasticity chart for both samples A and B falls within the CL zone (Fig. 4.3). According to engineering use chart (Table 4.6.5) they are impervious, inorganic clays which can be used as a dam construction. 
[image: C:\Users\MUSTARD-GATE\Desktop\cl group.jpg]
Fig. 4.3: Plots of Sample A and B on Plasticity Chart
Table 4.6.4:  Relationship between Atterberg limit and Volume Change Potential (After Holtz and Cubbs, 1936)                
	
Volume Change
     Potential
	
       Plasticity Index Ip
	

    Shrinkage

	
	Arid Area
	Humid Area
	

	Little
	0 – 15
	0 – 30
	< 12

	Moderate
	15 – 30
	30 – 50
	10 – 12

	
High
	
>30
	
>50
	
>10






Table 4.6.5: Engineering Used Chart (After Wagner, 1957)
	Typical names of Soil groups
	Group Symbols
	Important Properties

	
	
	Permeability when compacted
	Shearing strength with compacted and saturated
	Compressibility when compacted and saturated
	Workability as a construction material

	Well graded gravels or gravel-sand mixture, little or no fines
	GW
	Pervious
	Excellent
	Negligible
	Excellent

	Poorly graded gravels or gravel-sand mixture, little or no fines
	GP
	Very pervious
	Good
	Negligible
	Good

	Silty gravels, gravel-sand-silt mixtures
	GM
	Semi-pervious to impervious
	Good
	Negligible
	Good

	Clayey gravels, gravel-sand-clay mixtures
	GC
	Impervious 
	Good to fair
	Very low
	Good

	Well graded sands or gravel-sand, little or no fines
	SW
	Pervious
	Excellent
	Negligible
	Excellent

	Poorly graded sands or gravel-sand mixture, little or no fines
	SP
	Pervious
	Good
	Very low
	Fair

	Silty sand, sand-silt mixture
	SM
	Semi-pervious to impervious
	Good
	Low
	Fair

	Clayey sand, sand-clay mixture
	SC
	Impervious 
	Good to fair
	Low
	Good 

	Inorganic silts, rock flour, silts of low plasticity
	ML
	Semi-pervious to impervious
	Fair
	Medium
	Fair

	Inorganic clays of low plasticity, gravelly clays, sandy clays, etc
	CL
	Impervious
	Fair
	Medium
	Good to fair

	Organic silts and organic clays of low plasticity
	OL
	Semi-pervious to impervious
	Poor
	Medium 
	Fair

	Inorganic silts, micaceous silts, silts of high plasticity
	MH
	Semi-pervious to impervious
	Fair to poor
	High 
	Poor

	Inorganic highly plastic clays, fat clays, silty clays, etc
	CH
	Impervious
	Poor
	High
	Poor

	Organic silts and organic clays of high plasticity
	OH
	Impervious
	Poor 
	High
	Poor











4.9	Results of Compaction tests
The results of Compaction tests are shown below for Sample A and B
Table 4.7: Compaction Tests for Sample A (Standard Proctor)
	Sample no
	1
	2
	3
	4

	Moisture can no
	7
	P8
	TB
	33
	P14
	Y2
	E8
	4

	Wt. of can + wet soil
	73
	1/7
	72.5
	78
	178
	173.5
	169.5
	179.5

	Wt. of can + dry soil (g)
	68.5
	11.2
	67.5
	72.5
	162
	158
	148.5
	158

	Wt. of can (g)
	4.5
	5
	5
	5.5
	16
	15.5
	21
	21.5

	Wt. of can (g)
	20
	51.5
	23.5
	24.5
	58.5
	57
	25
	34

	Wt. of dry soil (g)
	48.5
	54.5
	44
	48
	103.5
	101
	123.5
	124

	Water content w%
	9.3
	9.2
	11.4
	11.5
	15.5
	15.3
	17.0
	17.3

	DENSITY DETERMINATION

	Assumed water content (g)
	9.5
	11.5
	15.5
	17.0

	Average water content%
	9.3
	11.5
	15.4
	17.2

	Wt. of soil + mould  (g) 
	4693
	4912
	5044
	4961

	Wt. of mould (g)
	2976
	2976
	2976
	2976

	Wt. of soil in mould (g)
	1717
	1936
	2068
	1985

	Wet Density, DW (g/cm3)
	1.717
	1.936
	2.068
	1.985

	Dry density (g/cm3)
	1.571
	1.736
	1.792
	1.694












	
	
	
	
	
	
	
	














Fig. 4.4: Compaction Curves for Sample A











Table 4.7.1: Compaction Tests for Sample A (Modified Proctor)
WATER CONTENT DETERMINATION
	Sample no
	1
	2
	3
	4

	Moisture can no
	Bo
	J
	3
	LA
	1
	5
	2
	4

	Wt of can + wet soil
	99.5
	94.5
	120.5
	122
	174.5
	206.5
	254.5
	246.5

	Wt. of can + dry soil (g)
	95
	89.5
	110
	110.5
	155.5
	184.5
	218.5
	210

	Wt of can (g)
	4.5
	5
	10.5
	11.5
	19
	22
	36
	36.5

	Wt of can (g)
	32.5
	25
	19
	15
	18.5
	18
	19
	19.5

	Wt of dry soil (g)
	62.5
	64.5
	91
	95.5
	137
	166.5
	199.5
	190.5

	Water of content w%
	7.2
	7.8
	11.5
	12.0
	13.9
	13.2
	18.0
	19.2




	DENSITY DETERMINATION

	Assumed water content(g)
	7.5
	11.8
	13.5
	18.5
	
	

	Average water content%
	7.5
	11.8
	13.6
	18.6
	
	

	Wt. of soil + mould (g) 
	4658
	4904
	5038
	4952
	
	

	Wt. of mould (g)
	2976
	2976
	2976
	2976
	
	

	Wt. of soil in mould (g)
	1682
	1928
	2062
	1976
	
	

	Wet density, DW(g/cm3)
	1.682
	1.928
	2.062
	1.976
	
	

	Dry density (g/cm3)
	1.565
	1.725
	1.815
	1.666
	
	
















Fig. 4.5: Compaction Curves for Sample B













Table 4.7.2: Presentation of Compaction Results
	  SAMPLE NO
	STANDARD PROCTOR
	MODIFIED PROCTOR

	
	Optimum    Moisture     Content (OMC) %
	Maximum Dry Density  (MDD)   g/cm3
	Optimum Moisture Content OMC (%)
	Maximum Dry Density (MDD)   g/cm3

	Sample A
	        15.0
	1.80
	        15.0
	        1.83

	Sample B
	15.0
	1.83
	15.0
	1.79



4.10	Discussion on Compaction results 
The relationship between the dry density and the optimum moisture content of the soil samples are shown in Fig 4.2. The compaction curves show that dry density increases with further increase water content. From compaction tests carried out, at the energy of standard proctor, sample A has 15.0% and 1.80 g/cm3 as optimum moisture content and maximum dry density respectively, while at the energy of modified proctor, it has 15.0 % and 1.83 g/cm3 as optimum moisture content and maximum dry density respectively. Sample B has 15.0% and 1.83 g/cm3 as optimum moisture content and maximum dry density respectively, while at the energy of modified proctor, it has 15.0 % and 1.79 g/cm3 as optimum moisture content and maximum dry density respectively.
The compaction characteristics and ratings of the Unified soil classification classes for soil construction (ASTM, 1557-91) (Table 4.7.2), from the values obtained, it can be concluded that soil samples A and B have a fair to good performance as an embankment material and can be used as a subgrade material with a good to fair performance as base course material.
Table 4.7.3: Compaction Characteristics and Rating of Unified Soil Classification Classesfor Construction (ASTM, 1557-91)
	Visual Description
	Maximum Dry-Weight Range (g/cm3) 
	Optimum Moisture Range (%)
	Anticipated Embankment Performance
	Valueas Subgrade Material
	Value as base  course

	Granular material
	  2.00-2.27
	7-15
	Good to excellent
	 Excellent
	   Good

	Granular material with soil 
	  1.76-2.16
	9-18
	 Fair to Excellent
	 Good 
	Fair to Poor

	Fine sand and sand 
	 1.76-1.84
	        9-15
	  Fair to Good
	 Good to  fair 
	 Poor

	Sandy silts and silts
	 1.52-2.08
	       10-20
	  Poor to Good 
	Fair to Poor
	Not suitable

	Elastic silts and Clays
	 1.36-1.60
	      20-35 
	Unsatisfactory
	  Poor 
	 Not suitable

	 Silty-Clays
	 1.52-1.92
	      10-30
	Poor to Good
	 Fair to Poor
	Not suitable





4.11	Results of California Bearing Ratio
The results of California Bearing Ratio tests are shown below for Sample A and B
Table 4.8.1: California Bearing Ratio tests for Sample A

	Penetration of Plunger (mm)
	TOP Piston Load on Plunger (KN)
	BOTTOM Piston Load on Plunger (KN)

	0.00
	2.9
	0
	0
	0

	0.50
	26
	76
	33
	96

	1.00
	51
	149
	60
	175

	1.50
	67
	196
	75
	219

	2.00
	81
	237
	92
	269

	2.50
	90
	263
	106
	310

	3.00
	96
	281
	114
	334

	4.00
	103
	301
	121
	354

	5.00
	108
	316
	126
	359

	6.00
	11.6
	339
	130
	380

	7.00
	120
	351
	134
	392
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Fig. 4.7: Plots of California Bearing Ratio for Sample A











Table 4.8.2: California Bearing Ratio tests for Sample B
	Penetration of Plunger (mm)
	TOP Piston Load on Plunger (KN)
	BOTTOM Piston Load on Plunger (KN)

	0.00
	0
	0
	0
	0

	0.50
	19
	55
	27
	79

	1.00
	37
	108
	48
	140

	1.50
	53
	155
	69
	202

	2.00
	70
	205
	87
	254

	2.50
	83
	243
	99
	290

	3.00
	89
	260
	105
	307

	4.00
	94
	275
	112
	328

	5.00
	99
	290
	116
	339

	6.00
	102
	298
	121
	354

	7.00
	107
	313
	125
	366
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Fig. 4.8: Plots of California Bearing Ratio for Sample B
Table 4.8.3: Summary of CBR Results for Standard Proctor
	 SAMPLE NUMBER
	CBR VALUES
	  PENETRATION AVERAGE              VALUE (%)

	
	
	      2.5mm
	 5.0mm

	         Sample A
	       SOAKED 
	       2
	 2

	         Sample A
	       UNSOAKED 
	       4
	 3

	 Sample B
	       SOAKED 
	       2
	 1

	 Sample B
	      UNSOAKED 
	       3
	2





Table 4.8.4: Summary of CBR Results for Modified Proctor
	 SAMPLE NUMBER
	               CBR VALUES
	  PENETRATION AVERAGE              VALUE (%)

	
	
	      2.5mm
	 5.0mm

	Sample A
	       SOAKED 
	       2
	 2

	         Sample A
	       UNSOAKED 
	    5
	 4

	 Sample B
	       SOAKED 
	       2
	 2

	Sample B
	      UNSOAKED 
	       4
	 3





Table 4.8.5: General Rating for Soil Based on CBR Values (After The Asphalt Institute, 
1962)
	CBR NO
	GENERAL RATING
	        USES 
	CLASSIFICATION UNIFIED
	SYSTEM AASTHO

	0-3
	Very poor
	Sub-grade
	OH, CH, MH, OL
	A5, A6, A7

	3-7
	Poor-fair
	Sub-base
	OH, CH, MH, OL
	A4, A5, A6, A7

	7-20
	Fair
	Base
	OL ,CL, ML, SC, SM, SP 
	A2, A4, A6, A7 

	20-50
	Good
	Asphalt material
	 GM, GL, SIN, SM, SP,       GP, W,GM
	Aib,A2-5, A3,              Al,A2-4 ,A3





4.12	Discussion of CBR Results
The CBR values for Sample Aunsoaked sample for Standard Proctor and Modified Proctor were4% and 5% respectively. For Sample A SOAKED for standard Proctor and modified Proctor were2% and 2% respectively. For UNSOAKED sample B for Standard Proctor and Modified Proctor were 3% and 4% respectively,while for SOAKED Sample B Standard Proctor and modified Proctor were 2% and 2% respectively.Table 4.8.3 shows the general rating of soil materialbasedon the CBR values of the material. Soil meet requirement better when they are classified based on the CBRvalue of soaked materials. Sample A CBR indicate a very poor general rating based on it CBR values which means that it can only be used as subgrade material in road construction. Sample B also have a general poor rating based on its soaked CBRvalues means it is only good for subgrade material in road construction. The UNSOAKED modified CBR test result shows that Sample A can be used as a sub base material in road construction and Sample B can be used as both subgrade and sub base material in road construction based on the UNSOAKED modified CBR value of both sample which were 5% and 4% respectively.


CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1	CONCLUSION
Comparative studies of laterite has been carried out in compliance with the regulatory standard. Grain size distribution for Sample A and Sample B obtained shows that they are poorly graded and on the basis both soil samples will be suitable for use as a road sub-base materials. The Atterberg consistency limits, shows that the both samples meet the requirement to be used as a sub-base material. The compaction properties possessed by Sample A and Sample B makes them good engineering construction materials based on the MDD and OMC values obtained at both energies Standard Proctor and Modified Proctor. According to The Asphalt Institute (1962), both Sample A and Sample B have CBR which are considered to be very poor to poor and can only be used as sub-grade and sub-base material and also both samples possess fairly high initial and long term stability when used in dam or embankment construction. In conclusion from the tests carried out, it can be deduce that Sample A and Sample B can be used as construction material such as road, dam, foundation and embankment.
5.2	RECOMMENDATION 
i.	Geotechnical properties of laterite soil should be analyzed and recommended as a 	suitable material for civil engineering purpose particularly for construction of 	infrastructural facility.
ii.	Further investigation and analysis such as Triaxial test and permeability should be 	carried out on laterite soil before construction begins.
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