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ABSTRACT 

The research carried out was aimed at improving the properties of expansive soils while 

using river sand for use in the subgrade soil layer. The research was guided by three 

specific objectives which included determining the engineering properties of the neat 

soils, determining the engineering properties of river sand and lastly determining the 

engineering properties of the river sand stabilized mix. The case study of the research 

was Moroto-Nadunget road section located in Moroto District and the river sand was 

bought along the banks of river Kangole from the locals. Furthermore, the study 

discussed about the sampling and preparation of the materials used. Different 

laboratory tests were carried out at Sterling labaratory while following the specific 

objectives stated in reference with the required standards of British Standards, General 

Specification MOW and others. Lastly different tests of CBR, MDD, PI were carried out 

on the stabilized river sand mix and at optimum river sand content of 20%, the mix had 

an MDD value of 1.889gm/cm3, CBR value of 33.8%, PI value of 16.1% which all lied in 

the required range for a subgrade soil layer. Hence making river sand a good mechanical 

stabilizer for expansive soils. For this research, some conclusions were drawn and as 

well recommendations for further research were given. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background  

Relatively low bearing capacity, poor permeability, high compressibility, and a large 

volume change with changes in moisture conditions are characteristics of expansive 

soils (Jefferson & Lee D, 2012). The considerable amount of montmorillonite clay 

mineral present in expansive soil attributes to the high swelling and shrinkage 

properties (Etim, 2017). Because of their lattice structure, which permits water 

molecules to be absorbed between the layers, these clays have an expansive quality. 

The significant harm done to infrastructure—such as buildings, roads, and other 

manmade structures located on broad soil terrains—highlights these difficulties 

(Puppala & Congress, 2019). The detrimental impact of expansive soils is particularly 

evident in pavement structures, where the damage is estimated to reach staggering 

figures in the billions of dollars, surpassing even the economic losses attributed to 

natural disasters like floods (Lopez-Laza, et al., 2017).  

Subgrade soils, or the soil beneath roads, are a major source of concern in Uganda. 

Changes in moisture cause the soil to expand and compress, causing cracks and 

uneven roads. Due to this instability, expensive repairs are required on a regular 

basis, which causes traffic jams and road closures. Structures constructed on 

expansive soils typically require $9 to $15 billion in upkeep each year, which is a 

very high cost (Tanyıldızı & Gökalp, 2023). 

In Moroto district, the abundant number of rivers present and posses a very large 

amount of river sand provide a source of river sand that can act as an alternative 

for the unavailable borrow pit material which must be sourced from more distant 

places making the projects much more expensive in terms of transporting the borrow 

pit material and buying the borrow pit material. A need to mine this river sand and 
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use it in stabilising the expansive soils looks to be a much more viable reason to 

favour this research.   

Owing to the increase in population coupled with the reduction of available land, a 

number of civil engineering structures are being established on weak or soft soils 

since the areas are all sitted on expansive soils making it hard to avoid the need to 

stabilise the soils (Kavish S, 2014).These soils can also, be found in arid or semi-arid 

soils where soils of even moderate expansiveness are seen to cause significant 

damage (Jefferson & Lee D, 2012). This research aims to investigate the 

effectiveness of using river sand as soil stabilizer for expansive soils in Uganda. The 

research will involve laboratory testing to evaluate the engineering properties of 

expansive soils treated with river sand. The tests will include the determination of 

soil strength, swelling potential, and permeability, among others. The results will be 

compared with those obtained from untreated expansive soils to assess the 

effectiveness of the soil stabilizers. This research will contribute to the development 

of sustainable and cost-effective solutions for the stabilization of expansive soils in 

Uganda. The findings of this research will be relevant for engineers, contractors, 

and policymakers involved in construction and infrastructure development in Uganda 

and other regions with similar soil conditions.  

1.2 Problem statement  

The swelling and shrinkage of subgrade layer composed of expansive soils results 

into pavement failure inform of the differential settlements and cracking 

(Ikechukwu, et al., 2021).Roads established on expansive subgrade soils have failed 

to fulfill their intended functions of accessibility and mobility, owing to their poor 

condition resulting from the pavement failure, to which the nature of the soil 

contributes to some extent (Ikeagwuani, 2019).    
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From the site visits carried out during the period between July-August, 2023, the 

section between Nadunget and Moroto town of the Soroti- Moroto road was seen to 

have experienced failure in the pavement evidenced by the cracks, extensive 

depressions and upheavals in the bituminous surfacing as shown in fig 1; below. From 

preliminary tests conducted on soil samples from different locations along the failed 

section at chainages of Km 0+900, Km 1+100, Km 4+400 and Km 7+000 while using 

the AASHTO standards, the Plastic Index values ranged from 23-32 which indicated 

a greater potential for soil to undergo significant volume changes (swelling and 

shrinking) with changes in moisture content. Liquid limit ranged from 56-64 which 

signified greater moisture sensitivity of the soils hence more prone to expansion. 

Percentage of particle passing the No. 200 sieve ranging from 70-85% and very low 

California Bearing Ratio value ranging from 1-2 at the 95 % compaction which meant 

that the soil has poor loadbearing capacity, which is a characteristic of expansive 

soils. A geological map showing the weak soils present in Moroto area gives a picture 

of the soil pattern in the location. This pattern points out the fact that the soils in 

this area of Moroto- Nadunget road section have extremely weak soils with a high 

clay content as demonstrated in the key on the map below; 
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Figure 1 Pattern of the soil distribution in Uganda. 

Source (European Commission, 2020). 

The area highlighted with a circle on the map shows that the area of Moroto has soils 

is rich in high clay content making it highly expansive. 

There is an interest to investigate the action of sand and other materials in 

stabilization trials (Fang, et al., 2019). This research therefore intends to investigate 

the use of river sand in the stabilization of expansive soils.  
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Figure 2 Pavement failure of one or the road sections of the Soroti Moroto road 

taken during one of the site visits. 

1.3 Objectives   

1.3.1 Main objective  

To investigate the use of river sand in stabilising expansive soils.  

1.3.2 Specific objective  

1. To determine the engineering properties of the expansive soil.  

2. To determine the engineering properties of river sand.  

3. To determine the engineering properties of the river sand stabilized soil.  

1.3.3 Research questions  

1. What are the engineering properties of expansive soils?  

2. What are the engineering properties of river sand?  

3. What the engineering properties of the river sand stabilized soil?  

1.4 Justification  

Areas such as North eastern Uganda were most of soil cover is expansive, face the 

challenge of replacement of the problematic soils by suitable soil to obtain stable 
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subgrade layer onto which the other pavement layers are to be constructed. This is 

due to the high costs incurred in transportation of material from the borrow pit 

coupled with the long stretches for which the soil is to replaced (Nagudi, 2020). In 

order to save these costs for transportation of material for the other pavement 

layers, engineers result to stabilization or modification of the existing problematic 

soils. Owing to the presence of abundant rivers in the area which have a lot of river 

sand deposit (Kibuka, A.A & Jjuuko, 2023). This locally available material can be 

used to stabilize the expansive soil thus solve the challenge of looking for suitable 

soils from borrow pit in other regions. (Elsawy & Schanz, 2017).  

Using the hydrological map of Karamoja Turkana region, a number of 7 major rivers 

namely River Moroto, River Kangole, River Depeth, River Kitorosi, River Acolcol, 

River Okere and River Okot (Swidiq M., 2014). These rivers dry up during the dry 

season leaving behind a large deposit of river sand that can be used for stabilising 

expansive soils (A. A. Kibuka & S. Jjuuko, 2023; Water Journalists Africa, 2020). 

Below is a hydrological map of the rivers in Moroto District as shown in the area 

highlighted; 
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Figure 3 Map Karamoja sub-region, Uganda. Map of rivers in Moroto district 

Uganda. 

Source: (Alan & Samuel, 2021). 

River sand exhibits high load bearing capacity under confined conditions and can be 

used in varying proportions as an admixture to cohesive soils altering properties of 

plasticity, compaction and strength of the mixture (Khemissa, M, 2015). River sand 

decreases the plasticity of expansive soils through changes in particle size 

distribution and inter-particle interactions since plasticity in soils is associated with 

their ability to deform without fracturing (Zhang, et al., 2022). Expansive soils, rich 

in fine-grained clay particles, exhibit high plasticity due to the small size of these 
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particles and their ability to attract and hold water molecules, leading to swelling 

and shrinkage behaviors. When river sand is introduced to these soils it alters their 

composition by adding coarser and non-cohesive particles lowering the soil's overall 

plasticity because the sand particles do not exhibit the same water-attracting 

characteristics as clay. 

The addition of sand also disrupts the close packing of clay particles, reducing their 

ability to bond tightly and form strong, water-retaining structures (Cuthbertson, et 

al., 2018).This modification reduces the soil's capacity to absorb and retain water, 

which is a significant contributor to the plasticity of clay-rich soils. Consequently, 

by diluting the fine-grained clay content and altering the soil structure, river sand 

effectively decreases the plasticity of expansive soils. 

Additionally, river sand also has a well-graded particle size distribution which will 

be more effective in filling the voids between clay particles hence adding much-

needed drainage and increasing the soil's permeability, allowing excess water to flow 

through the soil more easily. When used river sand will improve its drainage, the soil 

grading, strength and reduce the risk of surface cracking (Chian & Bi, 2021). 

1.5 Scope  

1.5.1 Geographical Scope 

The soil sample was picked from Moroto-Nadunget road section located in Moroto 

District. 

1.5.2 Content Scope 

This research was focused on stabilising expansive soils with river sand by carrying 

out tests carried from Sterling laboratory to determine the weak properties present 

in the soil to be improved.The river sand from River Kangole was as well tested to 
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determine its properties and see whether it could be used to stabilise the expansive 

soils at Moroto-Nadunget road section. 

1.5.3 Time Scope 

The research project was conducted from October 2023 to April 2024 making a total 

of 6 months.  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

10 
 

CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction 

Soils are complex natural resources with varying physical and chemical properties. 

They are comprised of mineral particles, organic matter, water, and air, and their 

composition greatly influences their engineering behavior. The study of soil 

mechanics is crucial in various civil engineering projects, especially in construction, 

as the stability and durability of structures depend significantly on the properties of 

the underlying soil (Aboudi Mana, et al., 2017). 

2.1.1 Expansive Soils  

Expansive soils, also known as shrink-swell soils, are types of clay soils that 

significantly change in volume with changes in moisture content (Jefferson & Lee D, 

2012). This property makes them highly problematic for construction projects, as 

they can exert immense pressure on foundations during wet periods and shrink 

during dry periods, leading to structural damage. The expansive nature of these soils 

is primarily due to the presence of minerals like smectite clays, which have a high 

affinity for water molecules, causing the soil to swell when hydrated and shrink 

when dehydrated. Both illite and montmorillonite are widespread in nature, though 

they tend to occur in different geological settings. Illite is commonly found in 

sedimentary rocks such as shale and in weathered volcanic rocks. On the other hand, 

montmorillonite is often abundant in soils derived from volcanic ash deposits and 

sedimentary rocks like bentonite. These minerals play essential roles in soil 

formation and composition, with their presence influencing the physical and 

chemical properties of the surrounding environment 



 

11 
 

 

Figure 4 Structure of Kaolinite, Illite, Chlorite of clay. 

Source (Firoozi & Baghini, 2016). 

2.1.2 Subgrade   

Subgrade soil, in the context of civil and geotechnical engineering, refers to the 

natural or compacted layer of soil that lies beneath a pavement structure, such as 

roads, highways, or other construction projects. It serves as the foundation for the 

overlying pavement and plays a crucial role in distributing loads from traffic and 

external forces (Kazmee & Tutumluer, 2015). The subgrade must possess sufficient 

load-bearing capacity to support the weight of vehicles and structures, preventing 

excessive settlement and deformation. Engineers focus on achieving proper 

compaction of the subgrade, managing moisture content, and ensuring uniformity in 

soil properties to enhance its stability and strength. The type of soil, whether it's 

clay, silt, sand, or gravel, influences its engineering characteristics, and in some 
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cases, additional treatments or improvements may be applied to optimize the 

subgrade's performance. Overall, the quality of the subgrade soil is fundamental to 

the long-term durability and stability of the entire pavement structure (Jegatheesan 

& Gnanendran, 2016). The performance of subgrade depends on upon the load 

bearing capacity, moisture content, strength of the subgrade soil and the additional 

base layers. The properties of the subgrade are key in the design of the pavement, 

thus weak subgrade material require higher thickness to protect it from pavement 

load. The subgrade properties and drainage are key influences to pavement 

deformation. The subgrade strength is normally assessed in terms of the California 

Bearing Ratio (CBR) which is dependent on the soil type, moisture content and its 

density (Nandiraju & Palat, 2020). 

The table below summaries the minimum properties required for a soil to qualify as 

a subgrade material in pavement design.  

Table 1 Specifications of subgrade material 

Properties   standard  

Soaked CBR after 4 days  15% minimum  

Material class  G15 minimum  

Plasticity index  6% max  

Source; MoWT General Specifications, 2005  

2.2.1 Categories of subgrade 

There are three categories of subgrade and they include; 

2.2.1.1 Category 1 

These are subgrades in which the water table is sufficiently close to the ground 

surface to control the subgrade moisture content (Romanoschi . S.A, 2017). 
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1. In non-plastic soils the water table will dominate the subgrade moisture 

content when it rises to within 1 m of the road surface, 

2. In sandy clays (PI<20 per cent), when it rises to within 3m of the road surface,  

3. In heavy clays (PI>40 per cent), within 7m of the road surface. 

2.2.1.2 Category 2 

These subgrades are those with deep water tables and where rainfall is sufficient to 

produce significant changes in moisture conditions under the road. The rainfall in 

such areas is usually greater than 250 mm per year and is often seasonal (Romanoschi 

. S.A, 2017). 

2.2.1.3 Category 3 

These are subgrades in areas with no permanent water table near the ground surface 

and where the climate is dry throughout most of the year with an annual rainfall of 

250 mm or less (Romanoschi . S.A, 2017). 

2.2.2 Tests carried out to determine strength of subgrade.  

Different tests can be carried out to determine the strength of subgrade and they 

include the following below ( Shabbab Ajmi, et al., 2015). 

2.2.2.1 Standard Penetration Test (SPT) 

The Standard Penetration Test (SPT) is a widely used in-situ soil testing method to 

assess the subsurface conditions and the relative density of soils. It involves driving 

a thick-walled sampler (split-barrel sampler) into the ground at regular intervals 

using a standard weight dropped from a specific height. The number of blows 

required for the sampler to penetrate the soil by 300 mm is recorded and termed 

the "blow count" or "N-value." The SPT provides information about soil resistance at 

different depths, which aids in stratifying soil layers, evaluating soil consistency, 

determining soil bearing capacity, and assessing liquefaction potential. It is 
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commonly utilized in geotechnical investigations for foundation design, retaining 

walls, and evaluating the stability of slopes and embankments (Yusof & Zabidi, 

2018). 

The standard penetration test as already stated above enables engineers to obtain 

and know the parameters of soil in-situ e.g. to know the approximate strength of 

cohesive soils. It helps them to obtain the bearing capacity of soil and CBR of the 

soil in-situ.  

The end goal of SPT is to obtain the SPT N value which is the sum of the number of 

blows required to drive the split spoon sampler into the drilled bore hole for the last 

300mm every 150 mm (Osman. S, 2021).   

It is from the SPT N Value that the bearing capacity and CBR of the soil in-situ is 

obtained.  

2.2.2.2 California Bearing Ratio (CBR) Test 

The California Bearing Ratio (CBR) test evaluates the load-bearing capacity of 

subgrade soils for pavement design and construction. It involves subjecting a soil 

sample compacted at specified moisture content and density to incremental loading 

using a standard piston. The test measures the penetration resistance of the soil and 

compares it to the penetration of a standard material (typically crushed stone) to 

determine the CBR value. Higher CBR values indicate greater strength and better 

load-bearing capacity of the soil. CBR testing is crucial in designing flexible 

pavements, road construction, and determining the necessary thickness of pavement 

layers, ensuring adequate support and durability for traffic loads (Fondjo & Theron, 

2021). 



 

15 
 

2.2.2.3 Dynamic Cone Penetrometer (DCP) 

The Dynamic Cone Penetrometer (DCP) is a portable field test used to assess the in-

situ strength and compactness of soils, particularly for preliminary evaluations of 

pavement subgrades, embankments, and shallow foundations. It involves driving a 

steel cone into the soil using repeated blows from a hammer dropped from a fixed 

height, measuring the penetration depth for each blow. The DCP provides a rapid 

assessment of the soil's stiffness, compactness, and bearing capacity by correlating 

the penetration depth to the number of blows. It is a quick, cost-effective method 

for assessing the relative strength of soils in the field and is often used for initial 

site investigations, quality control during construction, and in road maintenance to 

identify areas needing improvement or reinforcement (Zimar & Robert, 2022). 

2.3 STABILISATION 

Soil stabilization is the alteration of soils to enhance their physical properties by 

improving the engineering properties of soil, making it more stable, durable, and 

suitable for construction purposes (Michael, et al., 2014). 

2.3.1 Guide for selection of stabilizers. 

There are different parameters followed when selecting a chemical stabilizer 

(General Specification MOW, 2005). 

For a material more than 25% passing through a 0.075mm sieve; 

1. If the material is less than 10% use cement preferably. 

2. If the material is between 10% and 20% use lime and or cement. 

3. If the material is more than 20% use lime preferably. 

2.3.2 Methods for Stabilizing Expansive Soils.  

2.3.2.1 Chemical Stabilization 

1. Hydrated Lime stabilisation 
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Hydrated lime, or calcium hydroxide, is a widely used chemical additive for soil 

stabilization. The process begins with the careful mixing of lime with the soil at pre-

determined proportions based on engineering requirements. Lime reacts with the 

clay minerals in the soil, initiating pozzolanic reactions. In this reaction, lime reacts 

with the silica (SiO₂) and alumina (Al₂O₃) present in clay minerals to form calcium 

silicate hydrates and calcium aluminate hydrates , similar to the hydration products 

in Portland cement. This effectively reduces the plasticity and swell-shrink behavior 

of the soil. When mixed with expansive soils, hydrated lime reacts with clay 

minerals, modifying their properties (Siddharth, et al., 2019). It reduces the 

plasticity and swelling potential of clay soils, making them more stable for 

construction. The chemical reaction between hydrated lime and clay minerals alters 

the mineralogy of the soil, enhancing its loadbearing capacity and reducing its 

susceptibility to moisture changes. The overall stabilization mechanism involves a 

combination of pozzolanic reactions and lime hydration, resulting in the formation 

of stable compounds that enhance the geotechnical properties of expansive soils 

(Poulose & Babu, 2018).  

 

Figure 5 Different percentages of lime and how much they improved the expansive 
soil when blended. 

Source (Beetham & Dijkstra, 2015). 
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2. Cement stabilisation 

Stabilizing expansive soil using cement is a widely employed geotechnical 

engineering technique that aims to mitigate the detrimental effects of soil 

expansion and contraction. Expansive soils, often rich in clay minerals, exhibit 

significant volume changes in response to variations in moisture content, leading to 

undesirable swelling and shrinkage behavior. Cement stabilization involves the 

addition of cementitious materials to the soil, typically in the form of Portland 

cement, to enhance its engineering properties such as by reducing the plasticity and 

also creating an agglomerated structure of calcium silicate hydrates which bound 

the surrounding particles strongly hence reducing its susceptibility to moisture-

induced movements (Mahedi, et al., 2018). 

The process begins by thoroughly mixing the cement with the expansive soil at 

predetermined proportions based on engineering specifications. The cementitious 

material binds with the clay particles, creating a more stable matrix that is less 

prone to volume changes (Chikyala, et al., 2023). The chemical reactions between 

the cement and soil particles result in the formation of cement hydrates, which 

strengthen the soil structure and improve its load-bearing capacity. This treatment 

effectively reduces the soil's plasticity and swelling potential, transforming it into a 

more stable and resilient foundation material. 

Additionally, cement stabilization enhances the soil's resistance to erosion and 

improves its durability over time. The treated soil becomes less susceptible to water 

penetration, minimizing the adverse effects of moisture fluctuations. The success of 

cement stabilization depends on factors such as the type and dosage of cement used, 

proper mixing techniques, and adequate curing conditions. According to past 

research, cement has been added to lime while stabilizing expansive soils to curb 
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the challenge of sulphate attack that is responsible for failure of subgrade soils 

stabilized by lime alone.The cement acts as a pozzolan which reacts with the excess 

calicium ions that remained unreacted after the hydration process (Puppala, et al., 

2014). 

This method is commonly employed in road construction, foundation engineering, 

and other civil engineering projects to create a solid and reliable foundation on 

expansive soils. Overall, cement stabilization offers a cost-effective and sustainable 

solution to address the challenges posed by expansive soils in geotechnical 

engineering. 

3. Fly Ash stabilisation 

The utilization of fly ash for stabilizing expansive soils is a well-established 

geotechnical practice that involves several key steps to mitigate the detrimental 

effects of soil expansion and contraction (Mahdi, et al., 2020). The process is 

typically carried out in the following detailed manner; 

Soil Analysis: Before stabilization, a comprehensive analysis of the expansive soil's 

properties is conducted. This includes assessments of plasticity, grain size 

distribution, mineralogy, and moisture content. Understanding the soil's 

characteristics is crucial for determining the appropriate dosage and treatment 

methodology (Zhou & Giustozzi, 2022). 

Selection of Fly Ash Type: Different types of fly ash exist, primarily Class C and 

Class F, each with distinct chemical compositions. The selection depends on factors 

such as the soil type and project requirements. Class C fly ash contains a significant 

amount of lime, contributing to both pozzolanic and cementitious reactions. Class F 

fly ash is low in lime but high in silica and alumina, enhancing its pozzolanic 

characteristics (Mahdi, et al., 2020). 
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Mix Design: Based on the soil analysis and fly ash type, a mix design is established 

to determine the optimal ratio of fly ash to soil. This ratio influences the chemical 

reactions and physical properties of the stabilized soil. Laboratory tests, including 

compaction and unconfined compressive strength tests, help establish the most 

effective mix design. 

Application of Fly Ash: The selected fly ash is uniformly mixed with the expansive 

soil using conventional construction equipment, such as graders or mixers. The 

mixing process ensures thorough distribution of fly ash throughout the soil matrix. 

Curing: After mixing, the stabilized soil is subjected to a curing period, allowing the 

chemical reactions between the fly ash and soil minerals to take place. Curing 

duration is crucial for the development of strength and stability in the treated soil. 

Testing and Quality Control: The stabilized soil is subjected to various laboratory 

tests, including California Bearing Ratio (CBR) tests, triaxial tests, and swell-shrink 

tests, to assess changes in engineering properties such as strength, compressibility, 

and volumetric stability. Quality control measures are implemented to ensure the 

effectiveness of the stabilization process (Zhou & Giustozzi, 2022). 

2.3.2.2 Mechanical stabilization   

Owing to the fact that most of the chemical stabilization techniques are costly and 

are inhibited by a number of environmental conditions such as temperature, 

sulphides, freeze-thaw and dry-wet effect and organic matter (Sherwood P., 2016), 

for example, calcium-based stabilizers such as lime and cement are susceptible to 

sulphate conditions (Sridharan A., 2023). 

Mechanical stabilization is accomplished by mixing or blending soil of two or more 

gradation to obtain a material that meets the required soil properties. The main 

objective is to improve the stability and load bearing capacity of soil. Mechanical 
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stabilization produces the desired engineering properties by compaction of the soil 

aggregate particles to achieve a dense soil mass. Additional fines may be blended 

before compaction to form a uniform, well-graded, dense soil-aggregate mixture 

after compaction. The choice of methods should be based on the gradation of the 

material.  

Mechanical stabilization on the other hand is the process of enhancing the properties 

of soil by changing its gradation and thus not susceptible to environmental 

conditions. The soil’s stability in this method relies on the inherent properties of the 

soil material. Stabilization is accomplished by mixing or blending two or more types 

of natural soils of more gradation to obtain a composite material which is superior 

to any of its components (Habita A., 2017).  

2.3.3 Engineering Properties of river sand. 

Some of the properties possessed by river sand include (Wijepala & Jayakody, 2019). 

1. Porosity  

River sand typically has a high porosity, allowing water and air to pass through 

easily.  

This characteristic aids in drainage and reduces the risk of waterlogging in the 

soil (Wijepala & Jayakody, 2019). 

2. Density  

The density of river sand is relatively high, contributing to the stability of the 

soil structure when used as a stabilizing agent. Compacted sand enhances the 

load-bearing capacity of the soil (Wijepala & Jayakody, 2019). 
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3. Cohesion and Internal Friction  

River sand particles generally have low cohesion but exhibit internal friction, 

which provides stability to the soil mass. This internal frictional resistance is vital 

in preventing soil erosion and landslides (Wijepala & Jayakody, 2019). 

2.3.3.1 Composition of river sand. 

The chemical composition of river sand can vary depending on its geological source. 

However, typical river sand is primarily composed of silica, which is usually in the 

form of quartz. The main components of river sand include (Pearson & Verney, 2021). 

1. Quartz: This is a dominant component of river sand that is a hard and 

transparent mineral resistant to weathering. 

2. Aluminum Oxide: River sand may contain varying amounts of aluminum oxide, 

which is commonly present as minerals like feldspar or clay minerals (Pearson 

& Verney, 2021). 

3. Iron Oxide: The presence of iron oxide imparts a color to the sand with 

different shades of beige to light brown or red depending on the amount of 

iron present. 

4. Calcium Oxide: The small amounts of calcium oxide may be present in river 

sand especially in minerals like calcite. 

5. Magnesium Oxide: Similarly, small amounts of magnesium oxide may be found 

in river sand, often associated with minerals like olivine. 

6. Potassium Oxide and Sodium Oxide: These alkali oxides may be present in 

minor amounts, commonly associated with feldspar minerals. 

7. It's important to note that the exact composition of river sand can vary widely 

based on the geological characteristics of the riverbed from which it is 

sourced. Local variations in mineral content, weathering processes, and 
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geological history can influence the specific composition of river sand in 

different regions. Analytical techniques such as X-ray diffraction (XRD) or 

chemical analysis can provide more precise information about the mineral 

content of a particular sample of river sand (Schneider & Hornung, 2016). 

2.3.3.2 Formation process of river sand. 

River sand originates through a natural progression of geological processes. It all 

begins with the weathering of rocks, where external forces like wind, water, and 

temperature changes break down rocks into smaller particles. These weathered rock 

pieces, including sand-sized grains, are then carried downstream by rivers or 

streams. During this journey, water acts as a vital agent, smoothing and rounding 

the particles. As the river's flow slows down, sediment, including sand, is deposited 

along the riverbed. In these lower energy areas, sand particles undergo sorting based 

on size and density. Over time, additional layers of sediment accumulate, and the 

weight of the overlying material compacts the lower layers (Bello-Palacios & 

Almenningen, 2021). This compaction, along with potential cementation by minerals 

like silica or calcium carbonate, binds the sand grains together. With ongoing 

pressure and compaction, loose sand sediment transforms into sandstone through a 

process called lithification. Eventually, exposed sandstones undergo erosion, 

releasing sand particles back into the sediment cycle and continuing the geological 

journey of river sand (Yang & Shi, 2019). 

2.3.3.3 Role of river sand in soil Stabilization  

Sand is a naturally occurring granular material. Since it exhibits high load bearing 

capacity in confined conditions, it can be used in varying proportions as an admixture 

to cohesive soils altering properties of plasticity, compaction and strength of the 

mixture (Khemissa M., 2015). According to findings there was a substantial 
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improvement in strength with the addition of sand percentage up to 60% by weight 

of soil, as well as noticeable alteration in Atterberg limits, with decrease in linear 

shrinkage by 42% (Kallaros G. & Athanasapoulou A., 2016). Thus recommended the 

mix to be used as subgrade for construction of flexible pavements in rural roads with 

low traffic volume. 

River sand is commonly used in soil stabilization techniques due to its excellent 

drainage properties, high compaction ability, and compatibility with various soil 

types. When mixed with expansive soils, river sand improves the soil's engineering 

properties, mitigating issues related to swelling and shrinkage (Khemissa, M, 2015). 
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CHAPTER THREE: METHODOLOGY 

3.0 Introduction  

This chapter gives a brief account on how the materials will be acquired, the 

sampling and the laboratory tests in order to achieve the objectives of the research 

project. In order to yield results to aid explain the research phenomenon, standard 

tests and procedures will be executed during the study and are further broken down 

below.  

3.1 Material acquisition and preparation   

3.1.1 Expansive soil  

The expansive soil samples were extracted from the Moroto-Nadunget road section 

of the Soroti- Moroto road, with each sample weighing approximately 200kg, it was 

then securely packed in air-tight sacks immediately after collection, ensuring that 

the samples remain uncontaminated and undisturbed during transportation. These 

sacks were carefully labeled with crucial information, including the date of 

sampling, the specific depth at which the samples were collected during open 

excavation (0m to 1m below ground level), and a concise description of the soil's 

color, texture, and moisture content. Careful attention was taken to prevent spillage 

and maintain the integrity of the samples during transportation to the Sterling 

laboratory. Upon arrival at the laboratory, the sealed sacks were opened under 

controlled conditions to avoid any potential contamination. Subsequently, the soil 

samples were spread uniformly on trays to undergo a thorough air-drying process, 

allowing them to reach a consistent moisture level. Following the drying process, 

any lumps or aggregates within the soil samples were carefully broken down into 

smaller particles to prepare the samples adequately for the subsequent tests. These 

systematic procedures guaranteed the reliability and accuracy of the soil analyses 
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conducted at the laboratory, ensuring that the results were a representative of the 

actual soil conditions at the specified locations and depths.  

3.1.2 River sand 

60 kilograms of sand were bought from the miners located at the banks of River 

Kangole with co-ordinates 2°18' 54'' N and 34°36' 49'' E were after the sand was 

transported to the Sterling laboratory in Mukono after being carefully packed and 

sealed in appropriate containers.   

3.2 Sample preparation  

3.2.1 Soil sample  

The soil sample was spread on trays and left to air dry for about 3 days and 

partitioned for various tests.  

 

Figure 6 Air drying of the river sand. 

3.3 Experiments 

In order to achieve the objective of the study, various tests will be carried out.  
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3.3.1 Tests on the expansive soils.  

3.3.1.1 Particle size distribution using the wet sieving method with reference to BS 

1377: part 2:1990  

The test was to aid in the classification of the soil since it provided an overview of 

the relative portions of the different sizes of particles present in the soil sample. 

From this we could determine whether the soil consists of predominantly gravel, 

sand, silt or clay particle sizes and which of these particles is likely to influence the 

engineering properties of the soil.  

 

Figure 7 Weighing of the sample retained on the sieves during gradation. 

3.3.1.2 Liquid limit test using cone penetration method as per BS. 1377 part 2:1990  

The liquid limit was the moisture content for which the soil passed from liquid state 

to plastic state. It enabled the identification and classification of fine-grained 

cohesive soils. 
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Figure 8 Preparation of the sample for the atterberg limits. 

3.3.1.3 Plastic limit with reference with BS. 1377: part 2:1990  

The plastic limit was the moisture content for which the soil became plastic. It was 

used together with the liquid limit to determine the plasticity index. The plasticity 

index when plotted against the liquid limit on the plasticity chart provided a means 

of classifying cohesive soils. The plasticity index was the difference between the 

liquid limit and the plastic limit.  

3.3.1.4 Linear shrinkage test with reference to BS. 1377: part 2 1990  

Shrinkage in soil occurs due to drying and it is significant in clays and less 

experienced in silts and sands. Linear shrinkage is decrease in the length of wet soil 

after drying. The test is a way of quantifying the amount of shrinkage likely to be 

experienced especially when dealing with expansive soils.   

The test provided a means of quantifying the amount of shrinkage that is likely to 

be experienced by the soil. The shrinkage limit test works under the principle that 

the water retaining soil type undergoes significant decrease in size when the water 

contained within dries up. The level of shrinkage can be measured relative to a 

standard half cylindrical shrinkage mould 140mm long with 40mm diameter.  



 

28 
 

3.3.1.5 Compaction test (proctor) with reference to BS. 1377: part 4:1990  

The degree of compaction applied together with the moisture content determined 

the dry density which could be achieved for a soil.   

The moisture content which gave the highest dry density was referred to as the 

optimum moisture content for that type of compaction. The test aimed at obtaining 

the relationship between the compacted density and soil moisture content. The test 

provided a guide for specifications on field compaction.  

3.3.1.6 California bearing ratio, using the one-point method with reference to BS. 

1377 part4:1990  

To test for strength of a soil sample the CBR test was used especially when designing 

for pavement material of natural gravel. The strength of materials of natural gravel 

was expressed in terms of their CBR value. The CBR value was the resistance chosen 

at a penetration of 2.5mm or 5mm of a standard cylindrical plunger of 50mm 

diameter, expressed as a percentage of the known resistance of the plunger to 

2.5mm in penetration in crushed aggregate. 

 

Figure 9 Four days soaking of CBR. 
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3.3.1.7 CBR swell with reference to BS. 1377 part4:1990. 

The CBR swell methodology, investigated the systematic analysis of expansive 

subgrade soils to determine their swell potential. Laboratory testing, encompassing 

careful sample preparation and comprehensive data collection, was conducted to 

evaluate the relationship between California Bearing Ratio (CBR) values and soil 

swell under varying moisture conditions. The study aimed to establish a reliable 

method for assessing subgrade soil stability, providing valuable insights into the soil's 

ability to withstand swelling pressures.  

In this test, a soil specimen was compacted at standard Proctor moisture content 

and density is subjected to increasing compressive loads at a constant rate. 

 

Figure 10 Trimming of the mould after compaction. 

3.3.2 Tests on sand   

Sand was tested to ensure that it meets the required specifications and standards 

for its intended use. For the research study, the tests considered include; specific 

gravity, grain size analysis, finess modulus and silt content.  

3.3.2.1 Bulk specific gravity test in reference with ASTM C 128-97  

Bulk specific gravity is the ratio of weight of a given volume of aggregates to the 

weight of an equal volume of water. When it comes to road construction the specific 

gravity of fine aggregates normally used ranges from 2.4-3.0 with an average of 
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about 2.68. It is a measure of the quality of the material aggregates having low 

specific gravity are generally weaker than those with high specific gravity. It 

informed of the sand’s potential to support structural loads and its porosity.  

3.3.2.2 Grain size analysis in reference with BS 882-1992  

The test was conducted to determine the particle size distribution of the sand. It 

reflected on the sand’s particle size and shape, and these parameters were 

responsible for its strength, stability and porosity. The grading of sand was classified 

considering the percentage of sand that passed through the different sieve sizes. 

Sand that has a uniform particle size distribution is classified as well graded, on the 

other hand sand that contains a wide range of particle sizes is classified as poorly 

grade.  

3.3.2.3 Silt content in reference with ASTM C40  

The test was conducted to determine the amount of silt particles present in the 

sand. Silts refers to fine –grained particles that are smaller than sand particles but 

lager than clay particles. They are known to affect the strength of sand and can 

result into poor compaction, reduced shear strength and increased settlement. The 

ASTM standard limits the silt content of sand used for construction purpose to a 

maximum of 8%.  

3.3.2.4 Water Absorption in reference with ASTM C 128-97 

Water absorption test on river sand involved immersing a sample of the sand in water 

and measuring the amount of water absorbed over a specific period. The process 

was carried out by placing a known quantity of dry river sand into a container and 

adding water until the sand was fully submerged. After a predetermined soaking 

time, typically ranging from a few minutes to several hours, the sand was removed 

from the water, and any excess water on the surface was carefully drained. The wet 
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sand was then weighed to determine the increase in weight, indicating the amount 

of water absorbed. This test provided valuable information about the porosity and 

permeability of the river sand, which is crucial for various engineering and 

construction applications, such as determining its suitability for concrete or mortar 

mixes, filtration systems, or landscaping projects. 

3.3.3 Experiments on stabilised mix  

3.3.3.1 Particle size distribution using the wet sieving method with reference to BS 

1377: part 2:1990  

Since the test gave a general picture of the relative amounts of the various sizes of 

particles contained in the soil sample, it helped with the stabilised soil mix 

classification. This allowed us to ascertain whether the river sand was able to 

stabilize the blended mix and whether the soil is now mostly composed of gravel, 

sand, silt, or still more clay particle sizes.  

3.3.3.2 Liquid limit test using cone penetration method as per BS. 1377 part 2:1990  

The liquid limit was the moisture content for which the stabilised soil mix passed 

from liquid state to plastic state. It enabled the identification and classification of 

the stabilized soil mix.  

3.3.3.3 Plastic limit with reference with BS. 1377: part 2:1990  

The moisture content at which the stabilized soil mixture turned plastic was known 

as the plastic limit. To calculate the plasticity index, it was combined with the liquid 

limit. Cohesive soils could be categorized using the plasticity index by plotting it 

against the liquid limit on the plasticity chart. The difference between the liquid 

and plastic limits was known as the plasticity index.  
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3.3.3.4 Linear shrinkage test with reference to BS. 1377: part 2 1990  

Shrinkage in soil occurs due to drying and it is significant in clays and less 

experienced in silts and sands. Linear shrinkage is decrease in the length of wet soil 

after drying. The test is a way of quantifying the amount of shrinkage likely to be 

experienced especially when dealing with expansive soils.   

The test provided a means of quantifying the amount of shrinkage that is likely to 

be experienced by the soil. The shrinkage limit test works under the principle that 

the water retaining soil type undergoes significant decrease in size when the water 

contained within dries up. The level of shrinkage can be measured relative to a 

standard half cylindrical shrinkage mould 140mm long with 40mm diameter.  

3.3.3.5 Compaction test (proctor) with reference to BS. 1377: part 4:1990  

The degree of compaction applied together with the moisture content determined 

the dry density which could be achieved for the stabilized soil mix.   

The moisture content which gave the highest dry density was referred to as the 

optimum moisture content for that type of compaction. The test aimed at obtaining 

the relationship between the compacted density and soil moisture content. The test 

provided a guide for specifications on field compaction.  

3.3.3.6 California bearing ratio, using the one point method in reference with BS. 

1377 part4:1990  

The CBR test was utilized, particularly when developing for stabilized mix material, 

to determine the strength of a soil sample. The CBR value of stabilized mix materials 

was used to express their strength. The CBR value was the resistance, given as a 

percentage of the known resistance of the plunger to 2.5mm in penetration in 

crushed aggregate, selected at a penetration of 2.5mm or 5mm of a conventional 

cylindrical plunger of 50mm diameter.  
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It informed of the highest axial compressive stress that, in the absence of 

constraining tension, a cohesive soil specimen could bear. It is a measurement for 

stabilised soil mix strength. The specimen that had been prepared, mixed, 

compacted, and cured was subjected to increasing loads until it failed.  

3.3.3.7 CBR swell with reference to BS 1377 part4:1990. 

The river sand stabilized mix's swell potential was examined through a thorough 

investigation using the CBR swell approach. The association between California 

Bearing Ratio (CBR) values and soil swell under various moisture conditions was 

assessed through laboratory research that involved meticulous sample preparation 

and thorough data gathering. In addition to offering important insights into the soil's 

capacity to tolerate swelling pressures, the study sought to develop a dependable 

technique for evaluating subgrade soil stability.  
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CHAPTER FOUR: RESULTS AND DISSCUSSIONS. 

4.0 Introduction 

This chapter explains the test results and analysis of the different experimental 

works while stabilizing expansive soils with river sand. 

4.1 Engineering properties of the expansive soils. 

4.1.1 PARTICLE SIZE DISTRIBUTION 

 

Figure 11 A graph of the PSD of the neat soil sample. 

The shape of the curve appears like a c shape rather than a straight horizontal line 

is because it represents a full range of different particle sizes of the neat soil sample 

unlike if there was a uniform particle size in the whole neat sample where it would 

appear as one straight line. 

At sieve size 0.075mm, the percentage passing is 71.44% while the percentage 

retained is 28.56% indicating that the particles are more of fine grained than coarse 

since the percentage of 71.44% passing is larger than percentage of 28.56% retained. 
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In accordance to the Unified Soil Classification System (USCS), the soil was 

determined to be fine grained since the percentage passing through the 0.075mm 

sieve (71.44%) was more than that retained on the 0.075mm sieve (28.56%). 

 

Figure 12 Unified Classification System 

Source (Das, 2019). 

4.1.2 GRADING MODULUS. 

A high grading modulus signifies that a wide range of particle sizes fall within the 

gravel fraction while a low grading modulus signifies that the soil has a more 

distribution of fine particles. 

The value 0.41 is lower than 0.5 signifying that the soil has a more distribution of 

fine particles (RG, et al., 2019). 
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4.1.3 LIQUID LIMIT 

 

Figure 13 Liquid limit of the neat soil sample. 

The liquid limit is a property of soils that represents the moisture content at which 

a soil changes from plastic state to liquid state. In this case the moisture content at 

which the neat soil sample changes state from semi solid to liquid is at 62.2% which 

is greater than 50%, with reference to table 2 indicates that the soils are of high 

plasticity. Thus the soil absorbs a lot of water hence causing the swelling effect in 

the soil.  

4.1.4 PLASTIC LIMIT 

This is property of soil that represents the moisture content at which the soil while 

transition from a plastic to a semi solid state. The plastic limit is 31.0% which 

indicates that the soil transitions from plastic to semi solid at 31.0% of moisture 

content. 

4.1.5 LINEAR SHRINKAGE  

This is a property that gives an understanding about how the change in length and 

height of the soil is affected after it has lost all its moisture content. The value of 
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linear shrinkage is 18.0% which indicates that the soil undergoes high degree of 

shrinkage in conditions of very high temperatures. 

4.1.6 PLASTICITY INDEX 

This is the difference between the Liquid Limit and the Plastic Limit of a soil sample. 

The relevancy of plastic index is that it helps determine the plasticity of the soil 

sample. A higher plasticity index indicating that the soil has a substantial plasticity 

and undergoes significant volume changes with variation in moisture content while 

the lower plasticity index indicates the soil has a lower plasticity and undergoes less 

volume changes with variation in moisture content. 

Plastic Index = 62.2% - 31.0%  

                    = 31.2% 

From the standards, the required Plasticity index should be a maximum of 25% which 

doesn’t comply with the 31.2% of the tested neat soils. Therefore, the plasticity of 

the soil needs to be reduced to fall within the range  (General Specification MOW, 

2005). 

Using the graph below, the Plasticity index corresponding to the liquid limit was 

above the A line; 
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Figure 14 An A line chart.   Source (Das, 2019). 

The plasticity index was as well above 7% indicating that it is an inorganic clay hence 

being given a prefix “C”. Lastly, the liquid limit of the soil is 62.2% which is greater 

than 50% hence it is classified to be of high plasticity thus attaining a suffix “H”.  

The soil is classified as a fine-grained inorganic clay of high plasticity. 

4.1.7 PROCTOR TEST.  

 

Figure 15 Graph of dry density against moisture content. 
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4.1.7.1 MAXIMUM DRY DENSITY  

A plot of dry density against moisture content was drawn and the peak value of the 

graph is extended to the dry density axis and that value represents the maximum 

dry density which is 1.625gm/cm3. 

4.1.7.2 OPTIMUM MOISTURE CONTENT.  

The point having the peak value of dry density on the graph is extended to the 

moisture content axis which gives a value of 21.4% which gives the optimum moisture 

content.  

4.2 CALIFORNIA BEARING RATIO 

 

Figure 16 A plot of Force against penetration 

At 2.5mm penetration force for bottom and top was 1.0KN and 0.4KN respectively. 
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The CBR value obtained during the one-point test at the penetration of 2.5mm was 
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material which is 15% after 4days of soaking (General Specification MOW, 2005). 

Therefore, the soil must be stabilized to improve the CBR of the existing expansive 

subgrade soils. 

4.2.1 CBR SWELL 

This helps to monitor how much the soil sample swells. The value 1.40% is how much 

the neat soil sample was able to swell under adverse wet conditions. The standard 

CBR swell should be a maximum of 1.5% which complies with the standards (General 

Specification MOW, 2005). 

However the soil needs to be improved because the CBR swell is at the verge of the 

minimum limits. 

4.3 ENGINEERING PROPERTIES OF THE RIVER SAND.  

4.3.1 Grading  

 

Figure 17 Grading curve for river sand. 

The grading curve for the river sand lies within the grading envelope for fine 

aggregates in reference with (BS, 1992). This means the river sand qualifies to be 

used as a mechanical stabilizer for the expansive soils in accordance to the standards 
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since it has well graded particle sizes allowing it to fine content in the expansive 

soils and reduce the overall plasticity of the soil when blended together (ASTM, 

1997). 

Table 2 Summary of test results conducted on the river sand 

Engineering property Test result Standard Units 

Water Absorption 1.6 Maximum of 3% % 

Silt content 3.0 Maximum of 8% % 

Bulk specific gravity 2.5 2.4 – 3.0  Dimensionless 

The test results of the sand fall in the range of the required standard indicating that 

the sand is of good quality and can therefore be used to stabilise the expansive soils. 

4.3.2 Silt content 

The value for silt content was 3.0% indicated the amount of silt in the river sand 

which was also falling in the allowable range therefore allowing the river sand to be 

used as a stabilizer for expansive soils (ASTM, 1997). 

4.3.3 Water absorption 

The value 1.6% indicates the amount of water absorbed by the river sand. In 

reference to the standards, the obtained test result of 1.6% is within the required 

range for water absorption (ASTM, 1997). Therefore qualifying the river sand as a 

good stabilizer for expansive soils. 

4.3.4 Bulk specific gravity 

The value 2.5 indicates the ratio of weight of a given volume of aggregates to the 

weight of an equal volume of water. In reference to the standards, the obtained test 

result falls within the range of 2.4 to 3.0 hence qualifying the river sand to be used 

as a stabilizer in the expansive soils (ASTM, 1997).  
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4.4 ENGINEERING PROPERTIES OF RIVER SAND STABILIZED MIX. 

4.4.1 Atterberg limits 

4.4.1.1 Liquid Limit 

 

Figure 18 A graph of Liquid Limit against river sand percentages. 

The trend of the Liquid Limit increases with increase in river sand content. 

At 10% sand content, there is a moderate reduction in liquid limit primarily due to 

the dilution effect and some improvement in drainage, leading to a slight decrease 

in plasticity. With an increase to 20% sand content, the dilution effect becomes more 

significant, further reducing the clay content and plasticity of the soil mixture. 

Additionally, drainage is significantly improved, promoting more efficient water 

movement and contributing to a notable decrease in liquid limit. Finally, at 30% sand 

content, the dilution effect is maximized, resulting in a substantial reduction in clay 

content and plasticity. Drainage is optimized, facilitating rapid water flow and 

decreasing the water content required for liquid limit attainment (Ikeagwuani & 

Nwonu, 2019). Moreover, the alteration of particle size distribution and soil structure 

becomes more pronounced, leading to a pronounced decrease in liquid limit 
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compared to lower sand percentages. Overall, as the percentage of river sand 

increases from 10% to 20% and then to 30%, the trend of decreasing liquid limit 

intensifies due to the cumulative effects of dilution, improved drainage, and 

changes in soil structure (Soltani & Taheri, 2017). 

4.4.1.2 Plastic limit 

 

Figure 19 A graph of Plastic Limit against river sand content. 

The plastic limit reduced considerably with increase in the content of the river sand 

content which is due to the reduced fines in the material with the addition of the 

coarse river sand thus reduction in the plastic nature of the soil (Fondjo & Theron, 

2021). 

4.4.1.3 Plastic index 

The plasticity index (PI) is a fundamental measure in geotechnical engineering 

indicating the range of moisture content over which a fine-grained soil exhibits 

plastic behavior. It is determined by calculating the numerical difference between 

the liquid limit (LL), the moisture content at which the soil transitions from a plastic 

to a liquid state, and the plastic limit (PL), the moisture content at which the soil 

can no longer be molded into a thread without crumbling.  
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Figure 20 A graph of Plasticity Index against River sand content. 

From the graph mixing the neat soil sample with 10% sand causes a slight fall in the 

PI value of the material while the increase in the percentage of sand up to 20% 

causes a gentle fall in the PI value and further addition of sand up to 30% causes a 

sharp drop as well in the PI value of the neat sample. 

This trend is because adding sand to the soil results in the reduction of overall fines, 

making the soil less plastic. Therefore making the number of bonds between the clay 

particles to decrease as the sand-clay particle bond increases. In addition, the sand 

particles are more angular in shape than the clay particles, which can result in an 

interlocking structure that decreases the plasticity of the soil and increases its 

strength (Mousavi & Karamvand, 2017).    
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4.4.1.4 Linear shrinkage 

 

Figure 21 A graph of Linear Shrinkage against river sand percentages. 

The linear shrinkage of the soil also reduces substantially with the increase in the 

river sand content.  

This is attributed to the gradual improvement in the soil texture with the addition 

of the river sand (Mousavi & Karamvand, 2017). 

4.4.2 Proctor test 

4.4.2.1 Maximum Dry Density 

 

Figure 22 A graph of MDD against river sand percentages used. 
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The trend in the graph shows an increase in Maximum Dry Density (MDD) observed 

with the sequential addition of 10%, 20%, and 30% of river sand to stabilize expansive 

soils which can be attributed to a combination of factors. Initially, with the addition 

of 10% river sand, the mixture experiences improved particle packing due to the 

interlocking nature of the sand particles, leading to a reduction in voids and 

enhanced compaction efficiency. This results in a moderate increase in MDD. As the 

percentage of river sand is further increased to 20%, the mixture's cohesion and 

drainage properties improve significantly, reducing the swelling potential of the 

expansive soils and further enhancing compaction efforts. This results in a more 

substantial increase in MDD as the mixture becomes denser and more stable. Finally, 

at 30% river sand addition, the mixture's particle characteristics, including shape 

and size distribution, are optimized, leading to maximum particle interlocking and 

improved drainage. This allows for the most efficient compaction, resulting in the 

highest MDD among the three stages of sand addition. In summary, the incremental 

increase in MDD with successive additions of river sand is a result of progressively 

improved particle packing, enhanced cohesion, reduced swelling potential, and 

optimized drainage, ultimately leading to a denser and more stable material 

(Kollaros & Athanasopoulou, 2016). 
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4.4.2.2 Optimum Moisture Content 

 

Figure 23 A graph of OMC against river sand percentages. 

The trend of the OMC sharply decreased with addition of 10% river sand content 

followed by a gentle decrease with addition of 20% river sand content and then at 

addition of 30% river sand content the OMC slightly dropped. 

The OMC decreased in trend from 21.4% to 13.9% because the addition of the 

stabilizer reduced the soil's porosity making it less permeable to water. This meant 

that less water could penetrate the soil, resulting in a reduction in the OMC as the 

trend continued (Cheng & Huang, 2018). Additionally, the process of soil stabilization 

led to an increase in the soil's strength and stiffness, which further reduced its 

compressibility and made it more resistant to deformation. This caused the soil to 

require less water to achieve the same level of compaction and MDD, resulting in a 

lower optimum moisture content (Ash-Shu’ara & Wale, 2018). 

4.4.3 CBR test 

4.4.3.1 CBR Value   

The modification of soils in which case now the expansive soil is the soil binder 

undergoing a mechanical stabilisation type. River sand is inert and doesn’t react 
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with the expansive soil  but it rather possesses unique properties of providing much-

needed internal friction and incompressibility therefore improving the properties of 

the expansive soils. In such a case the CBR test results are enough to give conclusive 

strength property of the stabilized mix unlike the soil stabilized chemically which 

requires time for the chemicals to react and stabilise the soil making it fall under 

the Unconfined Compressive Strength test (General Specification MOW, 2005). 

 

Figure 24 A graph of CBR against river sand content. 

The CBR value gently increases with addition of 10% river sand and sharply increases 

with an addition of 20% river sand. The trend at addition of 30% river sand then rises 

slightly.  

The graph shows that as the amount of river sand increases, the CBR value gradually 

rises. With the addition of 0%, 10%, 20%, and 30% of river sand, respectively, the CBR 

value increased from 8% to 14.2% to 29.1% to 33.8%. This rise is ascribed to the soil 

particles within the material rearranging from fine-grained soil to a more granular 

nature. The soil offers the much-needed cohesiveness, flexibility, and 

imperviousness, resulting in an interlocking structure between the soil particles, 

while the river sand supplies the skeletal framework, which in turn gives internal 
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friction and incompressibility to the soil mix. As a result, the material's strength 

attribute increases as its density rises. The greater density of the material, the 

higher the CBR values are due to its increased resistance to penetrating force 

(Sudrajat & Isradi, 2023). 

4.4.3.2 CBR swell  

 

Figure 25 A graph of CBR swell against river sand percentages. 

The trend of CBR Swell decreases with increase in river sand content from 0% to 10% 

to 2% to 30% respectively. 

This is due to reduction of the plasticity of the soil indicating a decrease in its water 

retention ability (Soltani & Taheri, 2017). 

4.5 Design proportions. 

This design proportion tends to guide people that may apply river sand for 

stabilization of subgrade use. The river sand shall be used for the subgrade soils 
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having the following properties; Plasticity index above 7 and a Liquid limit above 

50% as well as those materials with CBR values less than 15. 

Table 3 Summary of the proportion mix design. 

 

Table 4 Relationship between the test results and standard requirements for 
subgrade material 

Parameter Test standard Value Test result 

CBR  BS 1377 : Part 4 Minimum 15% 29.1% 

CBR swell BS 1377 : Part 4 Maximum 1.5% 0.7% 

PI BS 1377 : Part 2 Maximum of 25% 22.5% 

 

Comparing the requirements for G15 material for subgrade with the test results of 

the subgrade soils in table 3, the mixed proportion of 20% river sand and 80% 

expansive soil fulfills all the requirements and is taken as the optimum river sand 

content. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

This study focused on the use of river sand to stabilise expansive soils for subgrade 

construction and the following conclusions were drawn based on the test results and 

discussions; 

It was found that the soil collected from the Moroto-Nandugent road section was 

classified as a “CH”; inorganic clays of high plasticity with a plasticity index of 31.2%, 

71.44% fines passing the 0.075 mm sieve, a liquid limit of 62.2% and Linear shrinkage 

of 18%. While the strength properties gave the MDD as 1.625gm/cm3 with an OMC of 

21.4%, CBR of 8% compacted to a dry density of 1.688gm/cm3, and CBR swell of 

1.4%. The neat soil does not meet the minimum requirements for subgrade 

construction as per the (General Specification MOW, 2005). 

The observation of the river sand's grading curve lying in line with the grading 

envelope suggests that the sand is properly graded. Given that the bulk specific 

gravity of 2.5, the silt content of 3.0% 8%, and the water absorption of 1.6%<3 all 

fall within the acceptable range of 2.4–3.0, the river sand employed in the research 

study appears to have favorable properties for stabilising the expansive soil in 

reference to (ASTM, 1997). 

Lastly, different percentages of river sand at 10%, 20% and 30% were able to increase 

the strength parameters i.e. CBR of 20% river sand after 4 days of curing was 29.1% 

which met the minimum requirements as required by (General Specification MOW, 

2005). In summary there was a general reduction in the atterberg limits, OMC, CBR 

swell and an increase in the MDD and CBR with increasing percentages of river sand. 

This therefore indicated that river sand can be added to cohesive soils in different 

amounts to change the mixture's strength, compaction, and plasticity. It also 
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demonstrated a high load-bearing capability in restricted spaces given that a soil's 

flexibility is determined by its capacity to undergo deformation without breaking 

allowing the river sand to reduce the plasticity of expansive soils by altering the 

distribution of particle sizes and the interactions between individual particles. 

Because fine-grained clay particles are small in size and can draw and retain water 

molecules, expansive soils that include a high concentration of these particles 

display great flexibility, resulting in swelling and shrinking tendencies. The addition 

of coarser, non-cohesive particles from river sand changes the composition of these 

soils, reducing their overall flexibility because the sand particles don't have the same 

ability to draw water as clay. Comparing the requirements for G15 material for 

subgrade with the test results of the subgrade soils, the mixed proportion of 20% 

river sand and 80% expansive soil fulfills all the requirements and is taken as the 

optimum river sand content. 

5.2 Recommendation 

More research be done on the use of other sand types, such as lake sand and lateritic 

sand with different gradations. 

Additional research should be conducted to explore the long-term effects of river 

sand stabilization on expansive subgrade soils because investigating the durability 

and sustainability of this technique over an extended period could provide valuable 

insights for future infrastructure projects. 

Performing a comprehensive cost-benefit analysis to evaluate the economic 

feasibility of using river sand for soil stabilization. This should include an assessment 

of initial costs, maintenance expenses, and potential savings over the project's 

lifecycle. 
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Tests on the erosion and weathering resistance of river sand-stabilized soils, 

especially in regions prone to extreme weather conditions should be carried out to 

provide valuable insights into the durability and longevity of the stabilization 

technique. 
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APPENDIX 

Appendix A: Laboratory tests on the engineering properties of the expansive soils 
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Appendix B: Laboratory tests on the river sand used 
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Appendix C: Laboratory test results on the stabilized soil 
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