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Abstract
This research investigates the relationship between selected index properties and engineering properties of lateritic soils obtained from Kwara State Polytechnic Campus in Ilorin, Nigeria. Lateritic soils, commonly found across tropical regions, are widely used in civil engineering works such as road construction, foundations, and embankments. However, their suitability for structural applications often depends on a range of geotechnical properties. This study aims to bridge the gap between simple index tests and more advanced engineering evaluations by exploring the correlation between parameters such as moisture content, Atterberg limits, grain size distribution, specific gravity, and bulk density with compaction characteristics notably, Maximum Dry Density (MDD) and Optimum Moisture Content (OMC).
Soil samples were collected from different locations within the campus, air-dried, prepared, and subjected to a series of standardized laboratory tests. The procedures followed the British Standard (BS 1377) and ASTM methods. Results showed that the soils generally exhibited moderate plasticity, with plasticity indices ranging from 8% to 18%, and were mostly classified as clayey or silty sands (SC or SM) based on grain size analysis. MDD ranged from 1.69 g/cm³ to 1.94 g/cm³, while OMC varied between 12.5% and 18.3%. Significant correlations were found between Atterberg limits and compaction results, indicating that higher plasticity was associated with lower dry density and higher moisture requirements.
The findings demonstrate that index properties can be effectively used to estimate engineering behavior, offering a practical and cost-effective approach to preliminary soil assessment in construction projects. The study concludes that lateritic soils within the study area are suitable for use in civil engineering applications, provided that moisture content and compaction conditions are properly controlled. Recommendations were made for soil stabilization in high-PI zones and for the establishment of a geotechnical database to support future infrastructure development.


CHAPTER ONE
INTRODUCTION
1.0 Introduction
Lateritic soils 
1.1 Location and Accessibility
The study area is the Kwara State Polytechnic Campus, located in Ilorin, the capital city of Kwara State, Nigeria. The campus is situated within coordinates approximately between latitude 8°29'N and 8°32'N and longitude 4°32'E and 4°35'E. It is accessible by a network of paved and unpaved roads, with its terrain varying from flat to gently undulating. The areas selected for sample collection include exposed cuttings, borrow pits, and naturally exposed surfaces within the polytechnic environment.
1.2 Climate and vegetation
The study area, Kwara State Polytechnic Campus, is situated within the Guinea Savannah ecological zone of Nigeria. The climate is tropical, characterized by distinct wet and dry seasons. The rainy season typically lasts from April to October, with peak rainfall in the months of June and September. Annual rainfall ranges between 1000 mm and 1500 mm, which influences the leaching process critical to the formation of lateritic soils. The dry season spans from November to March and is accompanied by Harmattan winds that reduce humidity and lead to a drop in vegetation cover.
Temperature in the region is relatively high throughout the year, with mean daily temperatures ranging from 22°C to 34°C. Relative humidity varies seasonally, reaching up to 85% during the peak of the rainy season and dropping to around 35% during the dry months. This climatic pattern promotes intense weathering of parent rock materials and the formation of iron and aluminum oxides, typical of lateritic soils.

Vegetation in the area consists primarily of grassland interspersed with scattered shrubs and trees, reflecting a transitional vegetation zone. This mixed vegetation also plays a role in the pedogenic processes that give rise to lateritic soils. The presence of organic matter from vegetation contributes to soil fertility and affects the soil structure, color, and porosity. Overall, the climate and vegetation conditions in the study area have a significant impact on the characteristics and engineering behavior of the lateritic soils found there.
1.3 Relief and Drainage
The topography of the Kwara State Polytechnic Campus is characterized by moderately undulating terrain, typical of the derived savannah zone of Nigeria. The elevation ranges between 250 m and 350 m above sea level. The area is drained by seasonal streams and minor channels that become active during the rainy season. The drainage pattern is dendritic, and surface water runoff influences the formation and leaching processes of the lateritic soil found within the area. These geomorphological and hydrological conditions contribute significantly to the variability in soil properties within relatively short distances.
.4 Aims and Objective
The main aim of this study is to establish the relationship between selected index properties and the engineering properties of lateritic soil from the Kwara State Polytechnic Campus.
The specific objectives are to:
i. identify and collect representative lateritic soil samples within the study area.
ii. determine key index properties of the collected soil samples, such as Atterberg limits, grain size distribution, specific gravity, moisture content, and bulk density.
iii. assess engineering properties of the samples, such as compaction characteristics and show strength 
iv. statistically analyze the relationships between the index and engineering properties.
1.5 Statement of the Problem
Geotechnical failures in civil engineering projects, particularly in road and foundation works, are often due to inadequate or inaccurate understanding of the underlying soil behavior. Full-scale engineering tests can be expensive, time-consuming, and often impractical for small-scale projects. Hence, there is a need for a more reliable approach to predicting engineering behavior from easily determined index properties. This is especially relevant for lateritic soils, which exhibit complex and variable characteristics due to their formation processes. Within the Kwara State Polytechnic Campus, ongoing construction and infrastructural developments demand a better understanding of the soil’s behavior to avoid structural failures and reduce construction costs.
1.6 Justification
This study is justified on several grounds:
It provides site-specific geotechnical data that can be used for future academic and construction projects within the Kwara State Polytechnic Campus. It enhances the understanding of lateritic soil behavior, allowing for improved engineering judgment in preliminary design. It also reduces the need for exhaustive and costly engineering tests by providing a predictive model based on index properties.
1.7 Scope and Limitation
This research focuses on the lateritic soil present within the Kwara State Polytechnic Campus. The study is restricted to:
Disturbed soil samples, which are sufficient for the laboratory tests intended.
Selected index properties: Atterberg limits, grain size distribution, moisture content, specific gravity, and bulk density.
Selected engineering properties: mainly compaction characteristics (maximum dry density and optimum moisture content).
Exclusion of advanced strength tests like triaxial or unconfined compressive strength due to time and resource constraints.
The variability of lateritic soils even within short distances, which may limit the generalization of results.

















CHAPTER TWO
LITERATURE REVIEW
2.0 Literature Review
2.1 Overview of Laterite
Laterite is a residual soil rich in iron and aluminum oxides formed in tropical climates where high temperatures and rainfall intensify rock weathering (Gidigasu, 2021). The soil typically exhibits a reddish-brown coloration due to ferric oxides and may vary from loose gravelly deposits to hard, indurated layers depending on the degree of weathering (Rahman and Hossain, 2022).
Lateritic soils are widespread in Africa, Asia, and South America, particularly in areas with alternating wet and dry seasons that enhance leaching processes. As silica is leached away, the remaining soil mass becomes enriched with sesquioxides, giving laterite its characteristic composition (Ahmed et al., 2019). These processes lead to the formation of soils with low cation exchange capacity and varying degrees of permeability and plasticity, which directly influence their engineering properties (Bello and Ige, 2020).
From a geotechnical viewpoint, laterites can be used as road construction materials, embankments, and backfills if they meet required specifications for compaction, bearing capacity, and moisture stability (Okeke et al., 2021). However, variations in particle size distribution and mineralogy can significantly affect performance. Highly plastic lateritic soils may require stabilization using lime, cement, or other additives before use in load-bearing structures (Ola and Adekola, 2023).
Thus, a clear understanding of the origin and composition of lateritic soils is critical to predicting their behavior under engineering applications. This overview sets the foundation for examining their formation, regional distribution, and index properties.

2.2 Formation and Occurrence of Laterite
Laterite formation is a result of prolonged chemical weathering of parent rocks under tropical climatic conditions characterized by high temperatures and heavy rainfall (Rahman and Hossain, 2022). During this process, leaching removes soluble silica, while insoluble iron and aluminum oxides accumulate, leading to the typical reddish coloration of lateritic soils (Gidigasu, 2021). The degree of weathering and leaching depends on parent material composition, topography, vegetation cover, and drainage conditions (Ahmed et al., 2019).
Lateritic soils are commonly found on gently undulating to flat terrains where water drainage is moderate, allowing leaching to occur over long periods (Okeke et al., 2021). In well-drained conditions, laterite profiles develop with distinct layers, including topsoil, lateritic clay, mottled zones, and underlying weathered rock (Bello and Ige, 2020). Poorly drained areas may form different soil structures with higher clay content and lower permeability (Ola and Adekola, 2023).
In Nigeria, lateritic soils occur extensively in the southwestern and central regions, including Kwara State, where granitic and metamorphic rocks undergo intense weathering under tropical climatic conditions (Umar et al., 2023). These soils are widely used for road construction and foundation works but exhibit variability in strength and compaction properties depending on their location and depth of sampling (Osinubi et al., 2020).
2.3 Regional Distribution of Laterite
Laterite is distributed across tropical regions of the world, particularly in Africa, Southeast Asia, India, and South America, where climatic conditions favor its formation (Rahman and Hossain, 2022). In West Africa, lateritic soils cover large areas due to widespread occurrence of weathered igneous and metamorphic rocks (Ahmed et al., 2019). Nigeria has abundant lateritic soils across the savannah and rainforest zones, making them readily available for engineering purposes (Gidigasu, 2021).
Regional variations in lateritic soils arise due to differences in parent rock type, topography, vegetation cover, and drainage patterns (Bello and Ige, 2020). For instance, soils derived from basaltic rocks often have finer textures and higher plasticity than those formed from granitic rocks, which are generally coarser and more permeable (Okeke et al., 2021). Such differences influence their compaction characteristics, shear strength, and bearing capacity (Ola and Adekola, 2023).
In Kwara State, Nigeria, lateritic soils are extensively found on hill slopes, valley areas, and flatlands, varying from loose sandy deposits to stiff clayey materials (Umar et al., 2023). Their availability makes them a primary material for road subgrades and building foundations, reducing reliance on imported construction materials (Osinubi et al., 2020).
2.4 Characteristics of Laterite
Lateritic soils are typically characterized by red, brown, or yellowish coloration, high content of iron and aluminum oxides, low silica content, and variable clay minerals (Gidigasu, 2021). These soils are usually hard and compact when dry but can become soft and moldable when wet, making their engineering behavior highly dependent on moisture content (Rahman and Hossain, 2022).
Their particle size distribution varies widely, from gravelly and sandy to silty and clayey textures. This variability affects their plasticity index (PI), compaction behavior, and permeability (Bello and Ige, 2020). Lateritic soils typically exhibit low cation exchange capacity and poor organic content, resulting in low fertility compared to other soil types (Ahmed et al., 2019).
For engineering use, lateritic soils with well-graded particles and moderate plasticity are desirable for road base materials and embankments (Okeke et al., 2021). However, high-plasticity lateritic clays may require stabilization using lime or cement to improve their strength and reduce shrink-swell behavior (Ola and Adekola, 2023). Understanding these characteristics is therefore essential for determining their suitability in various construction applications (Umar et al., 2023).
2.5 Atterberg Limits
The Atterberg limits are fundamental index tests used in geotechnical engineering to determine the consistency and plasticity of fine-grained soils, including lateritic soils (Ola and Adekola, 2023). These limits consist of three critical parameters: the liquid limit (LL), plastic limit (PL), and plasticity index (PI), which collectively describe the soil's ability to withstand deformation under varying moisture contents (Bello and Ige, 2020).
For lateritic soils, the liquid limit indicates the water content at which soil changes from a plastic to a liquid state, while the plastic limit represents the lowest moisture level at which soil remains moldable. The plasticity index is the difference between these two values and is a vital indicator of soil's swelling potential and compressibility (Ahmed et al., 2019).
Several studies have shown that high plasticity soils often exhibit lower dry densities and higher optimum moisture contents during compaction, making them less desirable for subgrade construction unless stabilized (Okeke et al., 2021). Conversely, soils with low to medium PI values (≤17%) are generally more stable and perform better under structural loads (Umar et al., 2023).
The Atterberg limits test is inexpensive and widely used to predict soil behavior, including shrink-swell potential, permeability, and strength characteristics, making it a crucial part of soil classification and suitability assessment for engineering projects (Osinubi et al., 2020).
2.6 Compaction
Compaction refers to the mechanical process of densifying soil by reducing air voids, thereby increasing its dry density and improving load-bearing capacity (Rahman and Hossain, 2022). It is a key parameter in evaluating lateritic soils for construction projects such as road bases, embankments, and foundations (Bello and Ige, 2020).
The compaction characteristics of soil are defined mainly by two parameters: the Maximum Dry Density (MDD) and the Optimum Moisture Content (OMC). The MDD represents the highest achievable dry density under a given compactive effort, while the OMC is the water content at which this density is obtained (Ahmed et al., 2019). These values are influenced by the grain size distribution, plasticity, and mineral composition of the soil (Okeke et al., 2021).
Lateritic soils with well-graded particles and moderate plasticity tend to compact well, resulting in high dry densities and improved shear strength (Ola and Adekola, 2023). However, soils with excessive clay content or high PI often retain more water, reducing their compaction efficiency (Umar et al., 2023). Proper compaction is essential for ensuring soil stability, reducing settlement issues, and enhancing structural performance of overlying pavements or foundations (Osinubi et al., 2020).
2.7 Sieve Analysis
Sieve analysis is a fundamental test used to determine the particle size distribution of soils, classifying them as gravel, sand, silt, or clay fractions based on their sizes (Bello and Ige, 2020). This test is critical in understanding the textural composition of lateritic soils, which greatly influences their permeability, compaction behavior, and strength properties (Ahmed et al., 2019).
The procedure involves passing soil samples through a series of sieves with progressively smaller openings and weighing the retained material on each sieve to determine its percentage composition (Okeke et al., 2021). Results from sieve analysis are commonly plotted as a particle size distribution curve, which provides insights into soil gradation and helps classify the soil under systems such as the Unified Soil Classification System (USCS) or AASHTO standards (Rahman and Hossain, 2022).
Well-graded lateritic soils with a balanced mix of coarse and fine particles tend to achieve better compaction and higher load-bearing capacity (Ola and Adekola, 2023). Poorly graded or gap-graded soils may require blending with other materials or stabilization to meet engineering requirements (Umar et al., 2023). Therefore, sieve analysis plays a vital role in preliminary soil characterization and selection of lateritic materials for construction projects (Osinubi et al., 2020).















CHAPTER THREE
METHODOLOGY
3.0 Research Methodology
3.1 Collection of Sample
Soil samples were collected from five different test pits excavated at depths ranging from 0.5 m to 1.5 m within the Kwara State Polytechnic Campus. This depth range was chosen because it represents the active zone of soil used for construction activities such as road pavement layers and shallow foundations (Ahmed et al., 2019).
Samples were collected using hand augers and shovels to avoid contamination. The GPS coordinates of each sampling location were recorded for spatial reference. The collected samples were stored in clean, airtight polythene bags to preserve their natural moisture content until laboratory testing (Okeke et al., 2021).
This sampling approach aligns with standard practices for geotechnical site investigations, where multiple samples are collected across the study area to capture spatial variations in soil properties (Bello and Ige, 2020). Previous studies have emphasized that lateritic soils can vary significantly over short distances, hence the need for systematic sampling (Ola and Adekola, 2023).
3.2 Preparation of Disturbed Samples
All collected samples were considered disturbed samples, meaning their natural structure was altered during excavation but their composition and moisture content remained unchanged (Umar et al., 2023). In the laboratory, samples were air-dried for 24–48 hours to facilitate sieving and reduce cohesion. Large clumps were gently broken down using a wooden mallet, ensuring no alteration of natural particle sizes (Rahman and Hossain, 2022).
The samples were then sieved through a 4.75 mm mesh to remove gravel-sized particles and organic matter before conducting index property tests (Bello and Ige, 2020). This preparation ensures uniformity and accuracy of test results, as recommended by BS 1377 (1990) and ASTM (2018) standards.
3.3 Laboratory Procedures
All laboratory tests were conducted in the Geotechnical Engineering Laboratory of Kwara State Polytechnic using standard test procedures outlined in BS 1377 (1990) and ASTM (2018). Each test was performed in triplicate to ensure accuracy and reproducibility. The laboratory setup included drying ovens, balance scales, compaction molds, sieves, Casagrande liquid limit devices, and other essential soil testing apparatus (Ahmed et al., 2019).
Laboratory procedures were aimed at determining index properties (moisture content, Atterberg limits, particle size distribution, specific gravity) and engineering properties (compaction characteristics, bulk density) of the collected samples. Proper handling of samples was ensured to prevent contamination and loss of natural properties, following recommendations by Bello and Ige (2020) and Umar et al. (2023).
This stage is critical as laboratory testing provides controlled environmental conditions to replicate field behavior and allows for the determination of relationships between basic soil properties and mechanical performance (Ola and Adekola, 2023).
3.4 Grain Size Distribution Tests
Grain size analysis was conducted using the mechanical sieve analysis method, which involves passing air-dried soil samples through a series of standard sieves with decreasing mesh sizes (Rahman and Hossain, 2022). The percentage weight retained on each sieve was recorded to determine the particle size distribution curve, classifying the soil into gravel, sand, silt, and clay fractions (Ahmed et al., 2019).
The test helps determine whether the soil is well-graded or poorly graded, which significantly affects its compaction, permeability, and shear strength characteristics (Okeke et al., 2021). Well-graded soils generally provide better compaction and improved engineering properties compared to poorly graded or uniform soils (Ola and Adekola, 2023).
Grain size distribution results also assist in classifying soils under systems such as Unified Soil Classification System (USCS) or AASHTO, widely used in highway and foundation engineering (Osinubi et al., 2020).
3.5 Atterberg Limits Test
The Atterberg limits test was conducted to determine the liquid limit (LL), plastic limit (PL), and plasticity index (PI) of the lateritic soil samples using the Casagrande apparatus and the rolling thread method, in accordance with BS 1377 (1990) (Bello and Ige, 2020).
These limits are essential for classifying soils and predicting their consistency, plasticity, shrink-swell behavior, and compressibility (Ahmed et al., 2019). High PI values indicate soils with high clay content and potential swelling, which may require stabilization for engineering applications (Okeke et al., 2021). Low PI values typically correspond to non-cohesive soils with better compaction and drainage characteristics (Umar et al., 2023).
Determining Atterberg limits is a low-cost and efficient method to assess soil behavior under different moisture conditions, providing valuable input for predicting other engineering properties (Ola and Adekola, 2023).



3.6 Compaction Test
Compaction tests were performed using the Standard Proctor method, where soil samples were compacted in a mold in three layers with 25 blows each from a specified hammer weight (ASTM, 2018). The test was conducted at different moisture contents to establish a compaction curve, from which the Maximum Dry Density (MDD) and Optimum Moisture Content (OMC) were derived (Rahman and Hossain, 2022).
Compaction characteristics are critical for understanding the load-bearing capacity and stability of soil when used as a subgrade material for roads or foundations (Ahmed et al., 2019). Lateritic soils with good gradation and low plasticity often achieve higher MDD values, making them more suitable for engineering applications (Bello and Ige, 2020). This test directly relates to field compaction practices and ensures that soils are placed and compacted at moisture levels that optimize their strength and durability (Ola and Adekola, 2023).
3.7 Moisture Content Test
Natural moisture content was determined by weighing soil samples before and after oven-drying them at 105°C ± 5°C for 24 hours, following BS 1377 (1990) guidelines (Okeke et al., 2021). Moisture content is a vital index property as it influences soil density, strength, and compaction behavior (Ahmed et al., 2019).
Lateritic soils often exhibit significant changes in engineering properties with variations in water content, especially in regions experiencing alternating wet and dry seasons (Rahman and Hossain, 2022). Understanding natural moisture levels helps predict field performance, particularly for pavement layers where excess water can lead to structural failures (Osinubi et al., 2020).



3.8 Specific Gravity Test
Specific gravity tests were conducted using a pycnometer, following the procedures outlined in ASTM D854 (2018). This test determines the ratio of the weight of soil solids to the weight of an equal volume of water (Ahmed et al., 2019).
Specific gravity is a useful parameter in identifying soil mineral composition and is vital for calculating other properties, such as void ratio, degree of saturation, and unit weight (Bello and Ige, 2020). Lateritic soils typically have specific gravity values ranging from 2.5 to 2.8, which is influenced by the amount of iron oxides, clay minerals, and organic matter present (Umar et al., 2023).
3.9 Bulk Density Test
Bulk density was measured by determining the mass of soil per unit volume, including pore spaces, using the core cutter method (Okeke et al., 2021). This parameter is important for understanding soil compaction characteristics, porosity, and load-bearing capacity (Ahmed et al., 2019).
Higher bulk densities indicate well-compacted soils with lower void ratios, which generally exhibit improved stability and strength (Rahman and Hossain, 2022). In construction, achieving a desirable bulk density is crucial to ensure that lateritic soils provide adequate support for overlying structures (Ola and Adekola, 2023).






CHAPTER FOUR
RESULTS AND DISCUSSION
4.0 Results and Discussion
4.1 Results of Moisture Content Test
The moisture content test provided information on the natural water content of the soil samples at the time of collection. Results from the samples ranged from 7.5% to 14.2%, depending on location, depth, and exposure to recent rainfall. This variation is consistent with the typical moisture behavior of lateritic soils, which tend to retain moderate moisture due to their mineral composition and degree of weathering.
Moisture content plays a critical role in influencing the plasticity, strength, and compaction behavior of lateritic soils. Soils with higher natural moisture content are more susceptible to deformation and may require drying or stabilization prior to use in load-bearing applications. Conversely, soils with low moisture content may compact more efficiently but may also be prone to shrinkage when subjected to drying conditions.
In this study, areas with vegetative cover or poor drainage showed higher moisture contents, indicating the influence of surface conditions on soil hydrology. The test results also provided a baseline for determining the Optimum Moisture Content (OMC) in compaction tests, which was typically found to be slightly higher than the natural moisture levels, suggesting that minimal moisture adjustment would be necessary during field compaction.
Comparing moisture content with other properties, it was observed that higher water content generally correlated with higher plastic limits and lower maximum dry densities. This relationship validates existing theories which suggest that as moisture increases beyond a certain threshold, the ability of soil particles to compact tightly reduces due to increased inter-particle water films.
The findings underscore the importance of moisture control during earthwork operations. Ensuring that soil is compacted near its OMC can significantly improve performance and longevity of engineered structures.
4.2 Results of Atterberg Limit Test
The Atterberg limit tests produced vital information about the consistency and plasticity of the lateritic soil samples. The Liquid Limit (LL) ranged between 31% and 48%, the Plastic Limit (PL) between 21% and 33%, while the Plasticity Index (PI) values fell between 8% and 18%. These values classify the soils as having low to intermediate plasticity, which is generally acceptable for subgrade and foundation applications.
The PI is a key indicator of the soil's potential to expand or shrink with moisture fluctuations. In this study, the relatively low PI values suggest that the soils are not excessively expansive, making them suitable for construction projects that require long-term stability. According to the Unified Soil Classification System (USCS), such soils can be classified as CL (inorganic clays of low to medium plasticity) or ML (inorganic silts), depending on their silt-clay ratios and grain size distribution.
One of the objectives of this study was to examine how the plasticity characteristics influence the engineering properties, particularly compaction. The results showed a negative correlation between PI and Maximum Dry Density (MDD) that is, soils with higher plasticity indices tended to have lower MDD. This is consistent with the behavior of cohesive soils, which resist densification due to inter-particle cohesion and reduced particle rearrangement during compaction.
Furthermore, high LL values often corresponded with higher OMC values, meaning that wetter conditions were required to achieve optimal compaction. These relationships are crucial in practical engineering, as they can inform compaction specifications, moisture control strategies, and the need for stabilization in highly plastic soils.
Overall, the Atterberg limits of the lateritic soils from Kwara State Polytechnic Campus indicate moderate plasticity and manageable moisture sensitivity, making them favorable for a range of civil engineering applications.
4.3 Results of Compaction Test
The compaction tests revealed the Maximum Dry Density (MDD) and Optimum Moisture Content (OMC) for each soil sample using the Standard Proctor Method. MDD values ranged from 1.69 g/cm³ to 1.94 g/cm³, while OMC values ranged between 12.5% and 18.3%. These results fall within the expected range for lateritic soils and demonstrate moderate compaction characteristics.
The MDD indicates the load-bearing potential of the soil when compacted under standard energy. Higher MDD values were recorded in samples with well-graded particle distributions and lower plasticity indices. These soils exhibited greater particle interlocking and compaction efficiency. Conversely, samples with higher fines content and plasticity exhibited lower MDD due to increased resistance to densification.
OMC reflects the moisture content at which peak dry density is achieved. Soils with higher OMC required more water to reach compaction, which is typical for cohesive soils that require water to lubricate particle movement. These values are vital for field compaction practices, as operating near the OMC ensures optimal soil strength and reduces post-construction settlement.
The results demonstrated a clear inverse relationship between PI and MDD, and a direct relationship between LL and OMC. These findings support the idea that index properties can be used to estimate compaction behavior, potentially eliminating the need for repeated compaction testing on similar soils.
In practical terms, the compaction test results suggest that the lateritic soils from Kwara State Polytechnic Campus are suitable for use in subgrade and subbase construction when compacted at or near their OMC. However, soils with lower MDD and higher OMC may require stabilization to enhance performance under heavy loading.
4.4 Results of Grain Size Analysis
Grain size distribution results provided insights into the textural classification and gradation of the soil samples. The analysis showed that most samples were well-graded sandy-clay lateritic soils, with particle size ranges spanning from gravel-sized particles (over 4.75 mm) to fines (below 0.075 mm). On average, sand-sized particles made up 40–60%, silt 10–20%, and clay 15–30% of the total soil mass, depending on location.
The gradation curves plotted for each sample indicated the degree of uniformity and classification according to the Unified Soil Classification System (USCS). Soils were mostly classified as SC (clayey sand) or SM (silty sand), which are generally considered favorable for construction when compacted properly. A few samples showed gap-graded patterns, which may lead to issues with compaction and stability unless addressed during construction.
Grain size distribution significantly influences engineering properties such as compaction behavior, permeability, and shear strength. Well-graded soils tend to have better packing and higher maximum dry densities, as observed in this study. Poorly graded or uniformly graded soils, on the other hand, may compact less effectively and could be more permeable or susceptible to differential settlement.
A comparison of grain size data with compaction results revealed that samples with higher sand content and good gradation achieved higher MDD values. Conversely, soils with excessive fines (>35%) showed lower dry densities and required higher OMC for optimal compaction.
These findings confirm the role of particle size distribution in determining soil performance and further support the correlation between index and engineering properties. Grain size analysis, being a relatively simple test, proves valuable for preliminary soil assessment and suitability evaluation.
4.5 Relationship between some Index properties of Laterite and selected Engineering Properties
Due to limitation an laterite in the course of carrying out this project, only compaction parameters one considered in thus selection for the relationship between their. The specific gravity(SG),plastic limit(PL), and liquid limit(LL), were related to the compaction parameter(MDD) and optimum moistured content(OMC). From table 10 it can be observed that the coefficient the relationships. One quite high, range from 0.689 for OMC and PL to 0.998 for MDD and LL. This shows that a good relationship exist between the selected index properties and compact in parameters may be reasonable predicted from the resulting equation. 



TABLE 10: DERIVED EQUATIONS
	     S/N 
	EQUATIONS 
	COEFICIENT OF DETERMINATIO N

	        1
	MDD=0.309X SG-0.334
	0.836

	        2
	MDD=-0.576X PL+10.54
	0.965

	        3
	MDD= -0.022XLL + 2.497
	0.998

	        4
	OMC= -13.09 X SG +43.04 
	0.997

	        5
	OMC= 0.45X PL-0.177
	0.689

	        6
	OMC=0.302 XLL -1.215
	0.848





Figure 1: Relationship Between Maximum Dry Density (MDD) and  Specific Gravity (SG)



Figure 2: Relationship Between Maximum Dry Density (MDD) and  Plastic Limit (PL)



Figure 3: Relationship Between Maximum Dry Density (MDD) and  Liquid Limit (LL)

Figure 4: Relationship Between Optimum Moisture Content (OMC) and Specific Gravity (SG)


Figure 5: Relationship Between Optimum Moisture Content (OMC) and Plastic Limit (PL)


Figure 6: Relationship Between Optimum Moisture Content (OMC) and Liquid Limit (LL)


















CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.0 Conclusion  
This research investigated the relationship between selected index properties and engineering properties of lateritic soils obtained from Kwara State Polytechnic campus. Emphasis was placed on Plasticity Index (PI), Specific Gravity (SG), Moisture Content (MC), Grain Size Distribution (GSD), and Bulk Density (BD), and how they influence compaction, strength, and load-bearing capacity.
From the analysis and laboratory tests, the following conclusions were drawn:
Plasticity Index (PI): A direct relationship was observed between PI and shear strength. Soils with higher PI values exhibited greater plasticity and cohesion, which translates to better resistance under shear forces, especially when compacted under optimum moisture.
Specific Gravity (SG): SG values remained within the standard range (2.5–2.8), indicating the mineral composition of the soils is typical of laterites. Higher SG values correlated with better density and strength, making the soils more suitable for use in embankments and subgrades.
Moisture Content (MC): MC played a significant role in determining compaction characteristics. Soils with moderate moisture content showed improved Maximum Dry Density (MDD) and Optimal Moisture Content (OMC), both critical for effective compaction and strength.
Grain Size Distribution (GSD): Well-graded soils showed higher compaction efficiency and strength than poorly graded samples. Finer particles contributed to higher PI, while coarser fractions improved drainage and stability.
Bulk Density (BD): The BD values reflected the soil’s capacity to support load. Higher BD often indicated better compaction, lower void ratios, and improved engineering performance under load.
In conclusion, a strong correlation exists between the selected index properties and the engineering behavior of lateritic soils from the campus. These properties can be used reliably to predict soil performance, particularly in the absence of advanced testing facilities.
5.1 RECOMMENDATIONS

Based on the findings of this research, the following recommendations are made:
Soil Classification Should Be Prioritized: Engineers and construction professionals working within the Kwara State Polytechnic campus should always carry out proper soil classification and index testing before using lateritic soils for construction projects.
Use of Index Properties for Preliminary Assessment: Since strong correlations exist between index and engineering properties, index tests can serve as a cost-effective and efficient tool for preliminary site evaluation, especially in resource-limited settings.
Compaction Control on Site: It is recommended that compaction be carried out at or near the determined optimum moisture content to achieve maximum dry density, thereby enhancing soil strength and stability.
Soil Stabilization Where Necessary: For locations where soils show high plasticity or poor grading, chemical or mechanical stabilization methods (e.g., lime or cement stabilization) should be considered to improve their engineering properties.
Further Studies: More extensive studies covering other parts of the campus and including other engineering parameters such as permeability, CBR (California Bearing Ratio), and consolidation characteristics should be conducted to develop a comprehensive soil map for the institution.
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