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I 

 

ABSTRACT 

Expansive soils are known for their unpredictable expansion and contraction, low 

permeability, poor load transfer mechanism, high volume changes with variation in 

moisture content and high compressibility which renders them unsuitable for 

construction unless stabilized. Owing to the effect of environmental and physical 

factors to the efficient performance of the traditional methods of cement and lime such 

as pH, temperature and presence of sulphates, the research carried out aimed at 

investigating the physical process of adding an inert material (river sand) to expandible 

soils to stabilize them, a locally available material within the scope of study. The soil 

sample was blended with varying proportions of river sand (0%,10%, 20% and 30%). From 

the tests carried out on the neat soils, the soils were categorized as inorganic clays 

with high levels of plasticity with reference to the USCS. Incorporating river sand into 

the expansive soil, significant improvements in strength, reduction in plasticity index 

as well as swelling potential were seen. The application of 20% river sand increased the 

CBR of the neat soils from 8% to 29.1% and the plasticity index from 31.2% to 22.5% 

which satisfies the MoWT subgrade (G15 material) specifications requirements. Thus, 

the mix proportion of 20% river sand and 80% neat soils was considered as the optimum 

stabilizer content for expansive soils for subgrade. 
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CHAPTER ONE: INTRODUCTION 

1.1  Background  

Expansive soils are characterized by unpredictable expansion and contraction, low 

permeability, poor load transfer mechanism, high changes in volume owing to the 

variation in moisture content, and high compressibility (Amadi, 2018). The substantial 

amount of montmorillonite clay mineral available in expansive soil attributes to the 

high swelling and shrinkage properties (Etim, 2017). Expansive soils world over exhibit 

serious geotechnical and structural engineering challenges  (Jones, 2017). This is seen 

by the various damage to buildings, roads and other structures built on expansive soils  

(AlR061; Anand J. Puppala & Araviand Pedarla, 2017). The damage by expansive 

subgrade in pavement structures is estimated to be in billions of dollars, which is 

remarkably more than damages caused by floods (Lopez-Laza, 2017) . In addition, the 

annual average maintenance cost of structures built on expansive soils is estimated to 

range from $9 to $15 billion making the costs much expensive (Tanyıldızı, 2023).   

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 (Kavish 

S. M., 2014) especially in area that are susceptible to expansive soils. These soils can 

also, be found in semi-arid or arid soils where with even relatively low expansiveness, 

are known to inflict considerable harm (Lee D. & Ian J., 2012). For instance, in Uganda, 

the semi-arid Karamoja sub region in the North East is known to have most of its land 

cover occupied by expansive soils (A. A. Kibuka & S. Jjuuko, 2023), as seen in figure 1 

below. 
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Figure 1:Pattern of the soil distribution in Uganda. (European Commission, 2020) 

Though the replacement of problematic soils by suitable soil and compacting among the 

most recommended techniques for enhancing soil, the costs involved in this method are 

extremely high especially where the problematic soils are seen to occupy vast stretch 

of land. Thus, researchers are prompted to look-up for alternative methods such as soil 

stabilization with different additives which has proven to be effective. This research 

therefore intends to investigate the effectiveness of using river sand as a soil stabilizer 
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for expansive soils. The research involved laboratory testing to evaluate the engineering 

qualities of expansive soils when blended together with river sand. The research is 

intended to contribute to the development of sustainable solutions for expansive soil 

stabilization in Uganda.   

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 (Narasimha R., 

2020). Roads established on expansive subgrade soils have failed to fulfill their intended 

functions of accessibity and mobility, owing to their poor condition resulting from the 

pavement failure, to which the nature of the soil contributes to some extent 

(Ikeagwuani C. O., 2019).    

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 23-30 which indicates a greater 

potential for soil to undergo significant volume changes as a result of variations in 

moisture content. The liquid limit ranged from 46-56 which implies that the soils pose 

greater moisture sensitivity. The proportion of particles passing the sieve No. 200 

ranged from  
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70-85% which shows that most of the soil’s particle sizes are fines, and the California 

Bearing Ratio value ranged from 1-2 at the 95 % compaction which means that the soil 

has poor load-bearing capacity, which is a characteristic of expansive soils. This 

research therefore intends to investigate the effect of blending river sand with of 

expansive soils for their stabilization.  

 

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 the stabilization of expansive soils.  

1.3.2 Specific objectives  

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

2. To determine the engineering characteristics of river sand.  

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

1.4  Research questions  

1. What are the engineering characteristics of expansive soils?  
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2. What are the engineering qualities of river sand?  

3. What are the engineering qualities of the river sand stabilized soil?  

1.5  Justification  

Areas such as North eastern Uganda were most of soil cover is expansive (Nagasha, 2019; 

Egeru A., 2015), face the challenge of replacement of the problematic soils by suitable 

soil to obtain stable 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 (Melling 

H.C., 2017). 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 rivers such as Depeth, Okere, Kitorosi, 

Moroto, Kangole and Acolcol and other streams (Swidiq M., 2014) in the Karamoja sub-

region, are known to have a lot of river sand deposit especially during the dry spells 

when they dry up and all that remains of the once water rich channels is sand (A. A. 

Kibuka & S. Jjuuko, 2023; Water Journalists Africa, 2020), this can also be seen in fig.3 

below, which shows a number of 7 major rivers which include; River Depeth, River 

Okere, River Kitorosi, River Okot, River Moroto, River Kangole and River Acolcol which 

flow within the Karamoja region. 
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Figure 3:Map Karamoja sub-region, Uganda showing major rivers and streams (Alan & 
Samuel, 2021). 
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This locally available material when employed to stabilize the expanding soils address 

the challenge of looking for suitable soils from borrow pit in other regions.  

The primary basis for the stabilization of soils is its composition (Afrain, 2017) since the 

behavior of sands and clays exhibit different properties, sandy granular particles 

contribute to strength and hardness of the soil. However, since they lack of 

cohesiveness and binding qualities between their grains, they are susceptible to 

erosion. On the other hand, clay soils possess adequate properties for binding grains 

together but lacks the shear strength especially when fully soaked. Thus, though 

moisture is problematic with clay soils, it avails cohesion to the sandy particles. A 

composite material with improved engineering qualities is typically formed when the 

two different types of soil are blended together in appropriate proportions  (Archibong 

G. A., 2020). 

1.6  Project scope   

1.6.1 Geographical scope  

The study’s carried out within the geographical scope of Moroto-Nadunget section which 

lies along the Soroti-Moroto road, in North Eastern Uganda. The river sand was collected 

from River Kangole.   

1.6.2 Content scope  

The study centered on investigating expansive soil stabilization by blending it with river 

sand, with Moroto-Nadunget road section as the case study. The soil samples were 

extracted and transported in air tight bags to the Sterling material Laboratory in 

Mukono from where the tests will be conducted.  
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1.6.3 Time scope  

The research project was conducted with in a period of 6 month, from October, 2023 

to April, 2024.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction   

This chapter discusses the theories that inform the basis of this research. It gives a 

general overview of what expansive soils are and their properties, subgrade and 

different techniques and methods of soil stabilization. 

2.2 Soil  

Soils are the unconsolidated layers that cover the Earth’s surface and consist of particles 

with different sizes and shapes having minor bonds between them. Thus, soil forms a 

structure that can easily undergo deformation when subjected to forces (Harold M. Vans 

Es, 2017). Soil, as oppose to other materials used in construction is very sensitive to 

changes in moisture content. Thus, a number of the road failures are usually influenced 

by its behavior (Kisunge J., 2012). Most stabilization is undertaken for fine soils which 

include; silty, clayey and organic soils (Afrain, 2017). Stabilization of fine-grained soils 

or granular materials are the easiest since they have a substantial surface area relative 

to their particle dimension. In comparison to other fine soils, clay soils possess a wide 

surface area as a result of their elongated, particle shape (J. David Rogers, 2019). Silty 

soils are sensitive to minute changes in moisture thus are challenging to stabilize. Peat 

soils and organic soils are known to have a rich water content, high organic content and 

porosity (Nadhirah M.Z., 2018).  

2.3 Expansive soils  

Expansive soils are soils which are vulnerable to changes in volume which results from 

variation in moisture content. Due to the significant amount of swelling clay minerals 
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found in these soils, as the amount of moisture in them increases, they expand greatly 

and as they lose moisture, they shrink extensively leaving large void in the soil 

(Dharmendra B., 2022).   

Expansive soils are usually experienced in the semi-arid and arid regions of the world. 

This is attributed to the low rainfall experienced in these areas. This inhibits the active 

montmorillonite clay mineral which is responsible for the high swell-shrinkage 

potential, from degrading into the clay kinds with minimal activity such as kaolinite and 

illite (Lee D Jones, 2012). 

The swelling and shrinkage cycles experienced by expansive soils as a result of moisture 

variations pose significant recurrent stresses on the road structure bringing about early 

pavement failure. The soils tend to become exhausted and lose their potential to 

withstand structural loads and also pose elevated compressibility levels (John D., 2016). 

Thus, the engineering properties of these soils require improvement. A number of soil 

improvements such as soil replacement and chemical stabilization are carried out. 

However, for larger spans of areas covered with expansive soils, soil replacement is 

greatly expensive to achieve. In addition, some of the methods do not put into account 

the aspect of environmental compatibility (Ali, 2016). Thus, the use of river sand which 

is locally available and environmentally friendly.  

2.3.1 Pavement and expansive soils 

Reducing the stress levels transmitted to the subgrade to permissible levels within 

which the soils wouldn’t sustain significant deformation is one of the key functions of 

the pavement. Pavements pose a greater level of vulnerability to expansive soil damage 

in comparison to other engineering structures built on expansive soils. This is due to 
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their relatively lightweight and cover a comparatively vast area (Lee D Jones, 2012). 

Severe unevenness along significant lengths, longitudinal and lateral cracking resulting 

from substantial localized destructions are some of the major forms of deterioration 

caused to pavements built on soils characterized by expansiveness. 

2.3.2 Mineralogical aspect of expansive soils 

The swell-shrinkage behavior exhibited by expanding soils is caused by the presence of 

clay mineral, montmorillonite. The arrangement of the clay crystal sheets and the 

molecular structure gives them a strong attraction to retain water molecules within the 

crystalline layers. Water molecules possess an electrical dipole structure which bring 

about a chemical-electric pull of its molecules to the very tiny clay sheets through the 

process of adsorption. Compared to other clay minerals, montmorillonite has the ability 

to absorb significantly more water molecules between its clay sheets (Guru P.P., 2023). 

Therefore, it has a high swell-shrink potential. 

2.2  Subgrade   

Subgrade also referred to as the formation level is the native /insitu material 

underneath a pavement. For pavement structures, it’s the subgrade that constitutes 

the foundation material, thus the characteristics possessed by the subgrade influence 

the performance of the pavement. 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 which in turn increases the construction costs incurred in the 

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

pavement deformation.  
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The subgrade strength is normally examined by the California Bearing Ratio (CBR) test. 

The CBR value obtained is attributed to the type of soil, moisture content and density. 

The strength and durability of the subgrade poses a great impact when it comes to the 

design and performance of the pavement (Muhammed Tanyildizi, 2023).  In road 

construction, the greatest percentage of the pavement layers constitute of the soil or 

gravelley material. To achieve the required strength, the soils used in the pavement 

construction should meet the required specification (Afrain, 2017). Table 1 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  

2.3  Soil stabilization  

The process of changing one or more characteristics to improve a soil’s performance 

and engineering qualities is referred to as soil stabilization. The soil shear strength can 

be increased through stabilization which controls its shrinkage-swell properties and in 

turn improves on its bearing capacity. Soil stabilization also lowers the soil’s 

permeability and compressibility which in turn increases the soil’s shear strength hence 

minimizing the settling of structures built on them (Afrain, 2017). Stabilization is not a 
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guarantee for that every soil property within the soil can be improved. However, the 

choice on which properties of the soil to improve influences the decision on the 

stabilization technological usage. The key soil qualities of concern to engineers include; 

strength, permeability, stable volume, compressibility and durability (Ali A. F., 2017)  

2.3.1 Basic Principals of stabilizing soil 

A number of stabilization methods are influenced by distinct variables and factors. 

However, it’s generally acknowledged that before any soil stabilization method is used, 

certain criteria should be considered (Archibong G. A., 2020) which include; 

I. Evaluating the soil’s properties; this is the initial step for stabilization of any soil 

and it gives an overview of the engineering properties possessed by the soil which 

in turn guides on the selection of the appropriate stabilization method to be 

employed. 

II. Deciding the best affordable, efficient and appropriate stabilizing technique 

which will supplement or improve the properties identified. 

III. The soil mix design. 

IV. Taking into account the building process by effectively compacting the layers 

that are stabilized. 

2.3.2 Soil stabilization classification 

Basing on which additives are to be incorporated, soil stabilization is grouped into two 

groups; 

I. Stabilization of the native soils without incorporating any additives 

II. Stabilization of the native soils with the incorporation of additives 
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2.3.2.1 Types of additives 

These include additives such as; cementing, modifiers, water retarding, water 

retaining, and water proofing agents. Each of the additives behave differently hence 

each has particular appropriate application and restriction (Archibong G. A., 2020). 

Generally, cementing agents such as Portland cement, lime, lime-pozzolana and sodium 

silicates have been extensively employed to enhance existing gravel roads as well as 

stabilizing natural soils for road subgrade. However, one of the major downsides of 

using materials with cementing qualities in stabilizing soil is its cost, which in turn 

usually leads to the addition of small amounts of substance to the soil (Archibong G. A., 

2020). As a result, the soil is merely modified rather than undergoing actual cementing 

mechanism. 
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Table 2 : summery of types of additives   source: (Archibong G. A., 2020) 

 

2.3 Soil stabilization methods 

2.3.3.1 Lime stabilization 

Lime has been utilized for centuries due to its ability to enhance the soil’s ideal water 

content, shrinkage limit and strength limit and strength while lowering its swelling 

potential liquid limit, plasticity index and maximum dry density (Pei X., 2015) thus 
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enhances the subgrade soils to be compacted and worked. As sufficient amounts water 

and lime are added to the soil, its pH rises allowing the particles of the clay to 

dissociate. With the release of the silica and alumina, the calcium in the lime reacts 

with particles of clay forming calcium-silicate-hydrates and calcium-aluminate-

hydrates. These compounds formed possess cementing properties comparable to those 

present in Portland cement. Consequently, the soil changes into a hard impermeable 

layer that can support more weight. However, the rate at which the stabilization 

process occurs is dependent on the type clay present in the soil. Thus, a mellowing 

period of about 4 days is allowed to obtain a uniform and friable soil mix. Lime 

stabilization enhances engineering properties of soil such as strength, permanent 

deformation, and reduction in swelling. These improvements are usually noticed in 

clays with moderate to high plasticity  (Ali A. F., 2017). 

2.3.3.2 Cement stabilization 

The commonly employed chemical stabilization techniques is the use of cement forming 

a soil-cement material. Cement stabilization involves the mixing of pulverized Portland 

cement with soil together with water and the mixture then compacted to create a 

robust material with enhanced strength, durability and low moisture fluctuations  

(Anggraini V., 2014). Hydration takes place when cement and water are combined 

forming compound of calcium silicate hydrate and calcium aluminate hydrate with the 

release of excess calcium hydroxide (Khan TA, 2015). With the exception of soils with 

a PI value greater than 30 and those having an organic content higher than 2%, cement 

has shown to be an efficient means of stabilizing all soil types. However, with prior 
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addition of lime before cement is mixed to soils having very high PI can be done to keep 

the soils more workable (Firoozi AA T. M., 2014; Ronoh V, 2014).    

As compared to lime, cement hydrates more quickly than lime does, resulting in an 

instantaneous increase in strength. Therefore, when utilizing cement stabilization, 

there is no requirement for a mellowing time, the stabilized mix is compacted after 2 

hours of initial mixing. Over time, the material’s strength improves (Ali A. F., 2017). In 

addition, facts such as high temperature, low humidity and delayed compaction often 

result in insufficient strength increase (Ismail A, 2014). 

2.3.3.3 Stabilization using fly ash 

During the combustion of coal, fly ash is generated as a by-product of the process (Bose 

B., 2012). Fly ash is an aluminous, pozzolan-siliceous material. Fly ash constitutes of 

two classes; class F fly ash and class C fly ash. Class F fly ash doesn’t self-cement, it 

requires an activator of either lime or cement, which is why it’s not often used. (Firoozi 

AA T. M., 2015). Using class C fly ash and lime, a criterion was created to determine 

the structural layer coefficient for the flexible pavement’s base layer (Rupnow TD, 

2015), results indicated that the base layer lowered when the two additives were 

added, when combined with lime, fly ash can be used to stabilize most coas- and 

medium-grained soils with a PI of no more than 25.  

 Impacts of chemical stabilization on the environment 

Currently the world is experiencing a major challenge of global warming, and carbon 

dioxide is contributing greatly to the phenomenon (Du Y, 2015). During cement 

manufacturing large amounts of carbon dioxide is emitted which contributes to about 

10% of total carbon dioxide emission (Gao T, 2015). In addition, during lime 
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stabilization, calcium carbonate is calcinated during the process of producing material 

that contain calcium (Ibetehaj T. J., 2014), which happens at high temperatures and 

releases carbon dioxide into the atmosphere which negatively impacts the environment.  

The stabilization of soil using cement near aquatic areas may rise the pH of water, 

which will probably affect plant development and change the species composition 

(Archibong G. A., 2020). Furthermore, using it during stabilization may cause a localized 

rise in dust particles impacting the well-being of those using it. Fresh cement may also 

contain traces of hexavalent chromium, which is an allergen to certain individuals which 

impacts their well-being. Proper attention should be given to the implications of the 

stabilization decision on the environment, taking into account both the short- and long-

term impacts, even though some of those effects can be mitigated. 

2.3.3.4 Mechanical stabilization   

In order to create a composite material that meets the necessary soil qualities and has 

superior properties to any of its constituents, mechanical stabilization is achieved by 

combining soils of two or more gradation. The method combines the engineering 

properties of each of the blended materials to the soil mixture. With regard to 

mechanical stabilization, these soils can broadly be divided into two groups (Arora K. 

R., 2012); 

I. Aggregates; strong, well graded and angular sand and gravel particles 

characterize these soils. These give the soil a skeletal structure that addresses 

its internal friction and incompressibility. 
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II. Binders; they are soils composed mainly of clays and silts and are distinguished 

by an average grain size of less than 75 microns. They avail cohesion, plasticity 

and imperviousness to the soil.  

The soils when thoroughly mixed, obtain an improved gradation of the blended soil 

having properties of both materials in one mix  (Arora K. R., 2012). Through compaction, 

the void ratio of the mixture is reduced. In some cases, it’s been noted that certain 

soils display “show-skip grading”. This implies that the particle size distribution curve 

will display a horizontal section within the particle size rage showing absence of 

particles in that specific size range. In this case, adding the missing size particle range 

results in the application of mechanical stabilization. Cohesionless soils will be 

combined with cohesive soils for improved gradation and compaction  (Archibong G. A., 

2020). 

Factors affecting mechanical stabilization 

I. Aggregate strength; the stability of mixed soil increases with the increase in 

strength of aggregates. 

II. Mineral composition; the stability of the blended mix is largely dependent on the 

mineral composition of the soil mix.  

III. Gradation of the mixture; increasing mechanical stability of the soil mix requires 

proper gradation of the soil mix. This is achieved by finer binder particles being 

well encapsulated in the coarser grain pore spaces.  

Fuller’s law can be used to guide the design of soil mixes and it stipulates that the 

granular soil mass achieves a very high density after compaction if the distribution 

of particle size is as follows; 
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𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑎𝑛𝑦 𝑠𝑖𝑒𝑣𝑒 = 100 × √𝐷
𝐷𝑚𝑎𝑥

⁄  

Where; D= opening of a particle size, 𝐷𝑚𝑎𝑥= size of the largest particle 

Although according to (Arora K. R., 2012), ideally the mixture should contain roughly 

25% binder, but it’s crucial to have more particles pass the 75-micron sieve than 

what Fuler’s calculations suggest. 

IV. Plasticity characteristics of the soil mixt; the plasticity of the soil mixture should 

meet the requirements for the intended use. For intense according to MoWT, 

general specifications, 2005. 

Table 3: plasticity specification for different soil categories (MoWT, 2005)  

soil Maximum plasticity index BS 1377: 

Part 2 

G7  30 

G15 25 

G30 16 

G45 14 

G60 10 

G80 8 

 

V. Adequate compaction of soil mixture; in the field, the compaction level 

determines the soil’s mechanical stability. 
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One of the easiest ways to stabilize soil is through mechanical means. Usually, subgrade 

qualities are improved with it. The environmental impact of this technology is negligible 

(Archibong G. A., 2020). 

2.3.4 Engineering properties of river sand 

Sand is an extensively utilized building material worldwide. River sand in particular is 

a common source of sand used for construction works. According estimates by the 

industry, river sand contributes to more than 60% of the overall sand used in 

construction world over (Dinh, 2022). River sand is a naturally occurring material often 

found at the bottom of river channels that is widely used in the field of engineering for 

its unique physical properties which include; 

i. Particle size distribution: it consists of a varying range of particle sizes, ranging 

from fine sand to coarse sand. The grain size distribution of river sand is 

important since to a large extent it influences its strength and durability.  

(Bosboom J., 2021; Jayakody S., 2020). 

ii. Bulk density: this property influences the weight and volume of the material it 

is added to. The river sand’s bulk density basically ranges from 1.4 to 1.6 g/cm3 

(Bosboom J., 2021). 

iii. Absolute density: this is expressed as unit volume of sand and serves as a measure 

of its compactness. River sand’s absolute density varies from 2,4 to 2.7 g/cm3 

(Bosboom J., 2021). 

River sand is an all-purpose material that has a number of applications in 

construction and other engineering fields. Due to its mechanical and physical 
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properties, it makes it the most preferred for the stabilization of expansive soils 

(Muhindo W. M. A., 2023). 

2.3.4.1 Formation process of river sand  

The naturally occurring sequence of geological events results in the production of river 

sand. Rocks weathering is the initial stage in the process, which involves the breaking 

down of rocks into smaller particles by factors such as wind, water and temperature 

variations. This is followed by transportation of these particles by river or stream. 

Water serves as an essential component in the transportation, bringing together the 

particles and smoothening them out. Sand and other silt are deposited along the river 

bed when river’s flow slows down. Sand particles are sorted by size and density in these 

lower energy regions. Lower layers get compacted over time by the weight of the 

uppermost sediment layers, which build up over time (Bello-Palacios & Almenningen, 

2021). This compaction, coupled with potential cementation by minerals like silica or 

calcium carbonate, binds the sand grains together. With pressure and compaction, loose 

sand sediment transforms into sandstone through lithification. Over time, exposed 

sandstones undergo erosion, releasing sand particles back into the sediment cycle and 

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

2.3.5 Role of river sand in soil stabilization 

Sand exhibits high load bearing capacity under confined conditions and can be added 

to cohesive soils in differing amounts as an additive which brings about alteration in 

the plasticity properties, strength and compaction of the soil mix (Khemissa M., 2015). 

Kallaros and Athanasapoulou (Kallaros G. & Athanasapoulou A., 2016), findings showed 

a considerable increase in the soil’s strength with the addition of sand up to 60% of the 
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soil’s weight and a discernible change in the Atterberg limits with a 42% reduction in 

linear shrinkage. As a result, the mix was suggested for use as a subgrade when building 

flexible pavements on country roads with minimal traffic. 

River sand is frequently used in soil stabilization methods because of 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 (Kallaros G. & Athanasapoulou A., 

2016). 
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CHAPTER THREE: METHODOLOGY 

3.1  Introduction  

This chapter accounts for the methods that were used to acquire the materials, the 

sampling and the laboratory tests that were performed to obtain the objectives of the 

research project. The findings to aid explain the research concept were obtained with 

reference to the standard tests and procedures that were executed during the study 

and are further explained below.  

3.2  Material acquisition and preparation  

3.2.1 Expansive soils  

The disturbed samples of expansive soils were obtained using hoes and shovels along 

the Moroto Nadunget road section at a depth of 1-1.5m at varying locations dung the 

field survey. The expansive soils were obtained by open excavation to a depth of 0-1m 

below the ground level. The soil sample was then collected and packed in air tight bags 

and labels attached indicating the sampling date, soil description and sampling depth. 

This was then transported to the laboratory for testing.  

3.2.2 River sand   

About 60 kg of river sand was obtained from River Kangole using shovels which is located 

at coordinates 2018’54’’N and 34036’49’’E in Moroto. The sand was placed in sampling 

bags and moved to the material’s laboratory at Stirling where it was air dried and then 

tested for various engineering properties.  
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3.3  Sample preparation  

3.3.1 Soil sample  

Both the soil sample and sand were spread uniformly on separate trays and left to air 

dry for about 3 days and then partitioned for various tests.  

 

Figure 4: sand being dried 

 

Figure 5: disturbed sample of expansive soil being dried 
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3.4  Experiments  

To examine the different engineering properties of the material as indicated in the 

methodology, a number of tests were carried out, which include; 

3.4.1 Tests on expansive soils 

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

1377: part 2:1990  

The test was carried out to assess the relative portions of different size particles in the 

soil material. From this, it was determined that the soil consisted of predominantly fine 

particle sizes and thus the engineering qualities of the soil are likely to be influenced 

by these particles. The method of wet sieving was preferably used since most soils are 

cohesive and it’s a more accurate means of grading the soil as oppose to dry sieving. 

3.4.1.2 Liquid limit test using cone penetration method with reference to BS. 1377 

part 2:1990  

The soil transitions from a liquid to a plastic condition at a moisture concentration 

known as the liquid limit. The moisture content that corresponded to the 20mm cone 

penetration was determined as the liquid limit. The test results were used in the 

identify and classify the fine-grained cohesive soils.  



27 

 

 

Figure 6:sample preparation for the Atterberg limit test 

3.4.1.3 Plastic limit with reference to BS. 1377: part 2:1990  

The soil turns plastic at a moisture content referred to as the plasticity limit. The soil’s 

plasticity index was calculates using the liquid limit and plastic limit test values.  Which 

is calculate as the difference between the liquid limit, W𝐿  and the plastic limit, 𝑊𝑃.  

𝐼𝑃 = 𝑊𝐿 − 𝑊𝑃 

The plasticity index when plotted against the liquid limit on the plasticity chat, can be 

used to categorize expansive soils. 

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

The test works under the basis that the soil types that retain water undergo significant 

reduction in size when they lose the water contained within. Shrinkage in soil occurs 

due to drying and it is highly experienced in clays than in silts and sands. The reduction 

in the length of a wet soil sample upon drying is referred to as linear shrinkage and it’s 

calculated using linear measurement in relation to a standard half-cylinder mould of 

the soil sample fraction passing a 425𝜇𝑚test sieve. The test quantifies the extent of 

shrinkage likely to be experienced especially when dealing with expansive soils.   
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Figure 7: linear shrinkage molds containing soil sample 

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

The test was conducted with the aim of obtaining the correlation between the 

compacted density and soil moisture content. The test provides a guide for 

specifications on field compaction.  A soil’s achievable dry density is determined by the 

moisture content and the level of compaction that is applied. For that king of 

compaction, the moisture content that corresponds with the maximum dry density is 

the optimum moisture content. 

3.4.1.6 California bearing ration, using the one-point method with reference to BS. 

1377 part4:1990  

The test is used to ascertain the strength of the soil especially when designing for 

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

exhibited in terms of their CBR value. The CBR value was determined as the resistance 

to the conventional cylindrical plunger with 50mm diameter penetrating 2.5mm.  
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3.4.2  Tests on the river sand   

The river sand used during the study was tested to check for the various engineering 

properties to ensure that it adheres with the required specifications and standards for 

its intended use. For the research study, the tests carried out included; bulk specific 

gravity, grain size analysis, water absorption and silt content.  

3.4.2.1 Specific gravity test with reference to ASTM C 128-97  

The test was conducted as a measure of the material’s quality, aggregates with a low 

specific gravity are often characterized as weaker than those with high specific gravity. 

It informs of the sand’s potential to support structural loads and its porosity. The 

substantial specific gravity of sand is about 2.65. For road construction the specific 

gravity of fine aggregates normally used ranges from 2.5-3.0 with an average of about 

2.68.  

3.4.2.2 Grain seize analysis as per ASTM C 128  

The grading of sand was classified considering the percentage of sand that passed 

through the different sieve sizes; sand with a uniform particle size distribution is 

classified as well graded, whereas sand that contains a wide range of particle sizes is 

classified as poorly grade. The test was conducted with the aim of determining the 

particle size distribution of the sand since it reflects on the sand’s particle size and 

shape. These parameters are responsible for its strength, stability and porosity.  
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Figure 8: grain size analysis test for the river sand 

3.4.2.3 Water absorption with reference to ASTM C 128-97  

The test was conducted to deduce the measure of strength of the sand. The test 

provides an overview of strength of aggregated. Aggregates with higher water 

absorption are more porous and thus regarded as unsuitable. With reference to BS. 812-

2, the maximum permissible water absorption value is 3%. 

3.4.2.4 Silt content with reference to ASTM C 40 

The test was carried out to determine the amount of silt particles present in the sand. 

Silts refer to fine –grained particles that are smaller than sand particles but lager than 

clay particles. They are known to have an effect on the strength of sand and can result 

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

standard D2419-14 limits the silt content of sand used for construction purpose to a 

maximum of 10%. However, for river sand, the permissible silt content is less than 8%, 

more than this reduces the bonding capacity of raw materials affecting the durability 

of the work. 
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3.4.3  Stabilized mix 

For the stabilized mix, the same tests as those performed on the neat soils were carried 

out but this time varying the proportions of soil and sand. This was conducted to 

ascertain the impact of sand on the plasticity index, compaction and strength properties 

of the soil and from which determined the optimum mix proportion of the two materials 

that would give the engineering properties required for subgrade material.  

3.4.3.1 Sample preparation  

The neat soils to be treated were spread and broken down to the required loose 

thickness as specified in the section 3700 of the MoWT General Specifications, 2005. 

The river sand was then spread over the prepared soil at required rate and the two 

materials were dry mixed by means of ploughs until uniformly mixed. The mix material 

was then partitioned and tested for various properties. 

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

1377: part 2:1990 

The test was carried out to determine the particle size distribution of the varying 

blended mixes of the soil and river sand. However, particular emphasis was on the 

particles retained on the sieve No. 200 as this determines the fine fraction of the 

composition. 

3.4.3.3 Liquid limit test using cone penetration method with reference to BS. 1377 

part 2:1990  

The test was carried out to ascertain the variation of the liquid limit with the varying 

blended mixes.  
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3.4.3.4 Plastic limit with reference to BS. 1377: part 2:1990 

The plastic limit was determined for varying blended mixes. Results obtained from the 

test were used in conjunction with the liquid limit results to calculate for the plasticity 

index of each of the blended mix. The plasticity index, I𝑝 is the difference between the 

liquid limit, W𝐿  and the plastic limit, 𝑊𝑃.  

𝐼𝑃 = 𝑊𝐿 − 𝑊𝑃 

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

To quantify the extent of shrinkage likely to be exhibited by the varying blended mixes, 

the linear shrinkage test was conducted. The length and diameter of the dry samples 

were measured using a venire caliper.  

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

To determine both the maximum dry density and optimum moisture content of the 

varying blended mixes, the proctor test was conducted. 

 3.4.3.7 California bearing ration, using the one-point method with reference to BS. 

1377 part4:1990  

The CBR test was performed to evaluate the strength of the varying blended mixes. 

Since the stabilization method used in the research study is entirely mechanical 

stabilization, the strength of the stabilized mix is best determined using the CBR test 

with reference to series 3700, (MoWT, 2005). This is because the material being added 

to the neat soil is inert and is thus not expected to have any form of chemical reaction 

with the soil and thus no curing is required for the soil to achieve maximum strength. 

Instead, the strength developed by the material is instant.  
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CHAPTER FOUR: RESULTS AND DISCUSSION 

4.1 Introduction  

The test results deduced from the various tests conducted during the research 

investigation are covered in this chapter. 

4.2 Engineering properties of the expansive soils. 

4.2.1 Particle size distribution 

 

Figure 9: particle size distribution of the neat soil 

The curve above represents the full range particle sizes in the fraction of the soils used 

for research, from the smallest soil particle size to the largest. From the graph, it’s 

seen than the fine fraction; percentage passing the 75𝜇𝑚 sieve size is 71.44% and the 

coarse fraction; the percentage retained on the 75𝜇𝑚 is 28.56%. This implies that the 

soils are fine grained with reference to the Unified Soil Classification System (USCS). 
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Soils with finer particles are usually more sensitive to water content (Andrew Lees, 

2022). 

4.2.3 Liquid limit 

 

Figure 10: liquid limit graph 

The graph plotted represents the correlation between the moisture content and the 

cone penetration. The liquid limit of the soil sample is 62% which is the moisture 

content correlating to a cone penetration of 20mm. with reference to the Unified Soil 

Classification System (USCS), the soil was considered to have a high plasticity since its 

liquid limit is greater than 50%. 
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4.2.4 Plastic limit and plasticity index 

The moisture content at which the soil transitions from plastic to semi-solid was 

determined to be 31.0%. Having both the liquid limit and plastic limit parameters of 

the soil, the plasticity Index, (PI) was then calculate from the equation; 

𝑃𝐼 = 𝑊𝐿 − 𝑊𝑃 

PI = 62-31 

PI = 31% 

4.2.5 Linear shrinkage 

The linear shrinkage was determined to be 18%. This signifies that the soils are likely 

to experience a shrinkage of about 18% when exposed to dry conditions. 

4.2.6 Soil classification  

The soil was classified with reference to the Unified System of soil Classification (USCS) 

and the plasticity chart. 

Table 4: Unified Soil Classification System (Zzigwa M., 2022) 

 

• Percentage passing the 75𝜇𝑚 sieve size = 71.44% (fine grained soils) 

• Plasticity index, PI = 31% > 7, the main term of the soil is C 

• Liquid limit, LL =62% > 50%, the quality term of the soil is H 

• Therefore, the soil is classified as a CH soil 
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Figure 11: plasticity chart (Zzigwa M., 2022) 

When the plasticity index, 31% and the liquid limit 62% of the soil were located on the 

plasticity chart, the point was seen to lie above the A-line. This confirms that the soil 

is a CH soil; inorganic clay with high plasticity. 
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4.2.7 Proctor test 

 

Figure 12: Graph of the proctor test  

The relationship between the soil’s dry density and moisture content is displayed on 

the graph above. The MDD, 1.625 g/cm3 was determined as the dry density that 

corresponded to the peak of the curve. The OMC, 21.4% was determined as the moisture 

content correlating with to the maximum dry density. 

4.2.8 California Bearing Ratio (CBR) 

The compacted CBR mould achieved a dry density of 1.688g/cm3 which is approximately 

equal to the maximum dry density, 1.652g/cm3 determined from the proctor test which 

implies that the dry density was maintained. 
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Figure 13: Force against penetration graph 

The graph represents the relationship between the force and penetration. The CBR was 

determined by substituting the value of force at the 2.5mm and 5.0mm into the 

equation; 

𝐶𝐵𝑅 (%) = 𝑃 ×
100

13.2
      𝑎𝑡 𝑎 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 2.5𝑚𝑚 

𝐶𝐵𝑅 (%) = 𝑃 ×
100

20.0
      𝑎𝑡 𝑎 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 5.0𝑚 

With reference to CML, the CBR for the soil was determined to 8%, which is less than 

15%: the minimum CBR value for subgrade with reference to MoWT, General 

Specifications, 2005. 
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4.3 Engineering properties of the river sand 

4.3.1 Grading test 

 

Figure 14: grading curve of the river sand 

The graph represents the relationship between the percentage passing against the sieve 

size. From the graph it’s seen that grading curve of the river sand denoted in red colour 

lies within the grading envelop. This implies that the river sand is well graded and hence 

possesses good quality required for stabilization of the expansive soils (MoWT, 2005). 
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4.3.2 Water absorption, silt content and bulk specific gravity 

Table 5: test results of water absorption, silt content and bulk specific gravity 

Engineering 

property 

Test value Permissible 

value 

standard units 

Water 

absorption 

1.6 3max ASTM C 128-97 % 

Silt content 3.0 8max ASTM C 40 % 

Bulk specific 

gravity 

2.5 2.4-3.0 ASTM C 128-97 Dimensionless 

 

The test results of the water absorption, silt content and bulk specific gravity all lie 

within the permissible requirements for good quality sand. This implies that the river 

sand used in the study possessed good qualities required for the stabilization of the 

expansive soils. 

4.4 Engineering properties of the river sand stabilized soil 

4.4.1 Particle size distribution  

Table 6: Fine fraction with increase in the content of river sand 

PERCENTAGE OF RIVER SAND 
CONTENT (%) 

FINE FRACTION (PERCENTAGE PASSING  75μm 
SIEVE) (%) 

0 71.45 

10 58.35 

20 41.45 

30 32 
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With the addition of sand, the grading curves of the blended mixes improved. This was 

observed in the decrease percentage of through the 75𝜇𝑚 sieve size, since the finer 

clay particles were substituted by the coarse particles of the river sand. Usually, the 

size and arrangement of the soil’s particles will tend to influence its properties. Soils 

that are characterized by larger size particles are attributed to be stronger as a result 

of the higher interparticle friction. On the other hand, soils with finer particles are 

usually more sensitive to water content. For soils comprising of a differing range of 

particle sizes, the gaps that exist between the larger particles are partially filled by 

the smaller particles creating a dense material when compacted. This results into a 

material with high strength and good engineering properties. Soil is said to be well 

graded if it constitutes of a wide particle distribution with no significant size gap 

(Andrew Lees, 2022). 
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4.4.2 Atterberg limits 

4.4.2.1 Liquid limit 

 

Figure 15: Liquid limit with increase in the river sand content 

The liquid limit values of the soil sample with varying percentages of river sand; 0%, 

10%, 20% and 30% were 62.2%,53.6%, 41%, and 31.4% respectively. This trend shows a 

considerable lowering in the liquid limit of the neat soils with increase in the portion 

of the river sand. This is attributed increasing reduction in the soil’s fine fraction with 

the increase of coarse fraction by the addition of the river sand. Indicating that the fine 

particles were gradually replaced by the coarse particles of the river sand thus 

improvement in the soil’s gradation. With reduced percentage of fine particles, the 

sensitivity of the soil to moisture is also reduced thus a decrease in the water retention 

ability of the soil (Andrew Lees, 2022; A. A. Kibuka & S. Jjuuko, 2023). 
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4.4.2.2 Plastic limit 

 

Figure 16: A graph of plastic limit against river sand percentage 

The plastic limit reduced considerably: 31 % with 0% river sand, 25.6% with 10% river 

sand, 18.5% with 20% river sand and 15.4% with 30% river sand. The trend indicates a 

decrease in the plastic limit with increase in the river sand fraction. This trend 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). 
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4.4.2.3 Plasticity index 

 

Figure 17: A graph of the plasticity index against the river sand content 

The PI of the neat soil is observed to reduce greatly with the addition of the river sand 

content. This is due to the grading of the soil which improves from fine-grained to fine 

and coarse-grained, and with the decrease in the fine particles, the moisture retention 

ability of the soil also reduces substantially. This indicates a substantial decrease in the 

plasticity property of the soil with the increasing content of the river sand (Salima A., 

2022). 
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4.4.2.4 Linear shrinkage 

 

Figure 18: A graph of linear shrinkage against river sand percentage 

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

sand fraction. This is attributed to the gradual enhancement in the soil texture with 

the addition of the river sand (Dongdong L., 2021; Kallaros G. & Athanasapoulou A., 

2016). The fine particles of the soil which attribute to the high plasticity property of 

the soil are replaced by the non- plastic river sand hence reduction in the linear 

shrinkage exhibited by the soil. 
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4.4.5 The Maximum Dry Density and Optimum Moisture Content 

4.4.5.1 Maximum Dry Density 

 

Figure 19: A graph of MDD against river sand percentage 

As the percentage of the river sand increases, the MDD increases consistently with 

increase in the river sand fraction. The variation in the MDD is due to the improved 

grading of the blended mixes with the addition of the river sand. Well graded soils 

exhibit higher MDD than poorly graded soils. As the river sand content increases, the 

dry density also increases which intern enhances the compaction properties exhibited 

by the material thus an increase in the MDD (Iyad A., 2021; Tugume B., 2019). 
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4.4.5.2 Optimum Moisture Content 

 

Figure 20: A graph of OMC against river sand content 

The graph shows the impact of increasing river sand fraction on OMC of the neat soils. 

There is a remarkable decrease in the OMC as the percentage of sand was increased. 

The variation in the OMC is due to the variation in the soil’s plasticity properties with 

the addition of the content of the river sand. Finer soils exhibit higher OMC (A. A. Kibuka 

& S. Jjuuko, 2023) with the increase in the content of river sand, there is a considerable 

decrease in the fine fraction hence a decrease in the soil’s plasticity properties thus 

decrease in the OMC. Decrease in soil’s plasticity properties results into reduced ability 

of the soil to retain water (Iyad A., 2021). 
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4.4.6 The California Bearing Ratio (CBR) 

 

Figure 21: A graph of the CBR value with increasing river sand content 

The graph reveals a gentle rise in the CBR value with the increase in the fraction of the 

river sand. The increase in the CBR value from 8% to 14.2% to 29.1 % to 33.8 % with the 

addition of 0%, 10%, 20%, and 30% of river sand respectively is attributed to the 

rearrangement of the soil particles within the material from fine-grained soil to an 

increasingly granular nature. The river sand provides the skeletal framework which in 

turn provides internal friction and incompressibility to the soil mix while the soil 

provides the much-needed cohesion, plasticity and imperviousness resulting into an 

interlocked structure between the soil particles (Arora K. R., 2012). The material’s 

strength property thus increases due to increasing density of the material. The high the 
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density of the material, the greater its resistance to penetration force and thus increase 

in the CBR values (A. A. Kibuka & S. Jjuuko, 2023). 

4.4.7 CBR swell 

 

Figure 22: A graph of CBR swell against river sand percentage 

There was a progressive reduction in the CBR swell percentages of the soil samples 

with increasing percentage of river sand ranging from 0to 30%. The swelling 

percentages were reduced as follows; 1.4%, 0.9%, 0.7% and 0.6% for the river sand 

portions of 0%, 10%, 20% and 30% respectively. This is attributed to the reduction of 

the plasticity of the soil indicating a reduction decrease in water retention ability of 

the soil. This depicts an improvement in the swell potential of the material when 

exposed to adverse wet conditions (Babu V.R., 2016). 
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4.5 Mix design 

With reference to the analyzed results above, the optimum mix for the expansive soil-

river sand mix was decided on based on; 

I. The plasticity index and CBR value with reference to the MoWT General 

specifications. The mix proportion of 20% river sand and 80% expansive soil was 

considered as the optimum mix and economical for use. The PI value for the mix 

proportion was 22.5% which is below the required maximum of 25% and the CBR 

value of 29.1 which is above the required minimum CBR value for G15 subgrade 

material. 

II. The CBR swell was 0.7% which is below the maximum CBR swell value of 1.5%. 

III. The percentage passing the 75𝜇𝑚 sieve size was 41.45% which is below 50% which 

classifies the stabilized mix as not being highly plastic with reference to USCS. 

Table 7: summery of the expansive soil-river sand mix proportion 
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CHARPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

The expansive soils were classified as fine grained since the fine fraction was 

determined as 71.44% which is greater than 50% with reference to USCS. The liquid limit 

was determined as 62% which indicates that the soil has high plasticity and the plastic 

limit was 31% giving plasticity index of 31%. With reference to the USCS the soils were 

classified as CH; inorganic clay with high plasticity which confirms that the soils are 

expansive. The MDD was determined as 1.625g/cm3 and OMC was determined as 21.4%, 

with a CBR of 8% for the soil compacted at a dry density of 1.688 g/cm3. The CBR swell 

was determined as 1.4%. Therefore, there is a need to stabilize the soils so as to achieve 

the required specifications for subgrade soils. 

The grading curve of the river sand was observed to lie within the grading envelop 

indicating that the river sand is well graded. The water absorption, 1.6 %< 3, the silt 

content 3.0% < 8% and the bulk specific gravity, 2.5 lies within the permissible range of 

2.4-3.0, this indicates that the river sand used in the research study possessed good 

qualities for the stabilization of the expansive soil. 

With the addition of differing percentages of sand to the neat soils, a substantial 

improvement in the soil’s strength, reduction in the plasticity and swell potential were 

observed. There was a general decrease in the Atterberg limits with increasing 

percentage of sand: the LL reduced by 21.2%, the plastic limit decreased by 12.5%, the 

plasticity index reduced by 8.7% and linear shrinkage reduced by 7% with the addition 

of 20% river sand whereas the MDD increased by 0.19g/cm and OMC decrease by 6.9%. 

The CBR value increased by 21.1% and CBR swell reduced by 0.7% with the addition of 
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20% river sand to the neat soils. With reference to MoWT General specification, 2005, 

the optimum mix proportion for expansive soil-river sand considered was 20% river sand. 

5.2 Recommendations 

Basing on the laboratory test result obtained from the research study, it is 

recommended that; 

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

sand with different gradations. 

Conducting additional research 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. 

Testing the erosion and weathering resistance of river sand-stabilized soils, especially 

in regions prone to extreme weather conditions. This can provide valuable insights into 

the durability and longevity of the stabilization technique. 
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APPENDICES 

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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