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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, Pl 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/cm?3, CBR value of 33.8%, Pl 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 (Tanyildiz1 & Gokalp, 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



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 (lkeagwuani, 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 23-32 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.



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



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



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



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.



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
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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

11



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. Insandy 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

13



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).
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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 (5i02) and alumina (Al203) 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).

% OF L.L PL Pl
LIME
0% 49.8% 18.7% 31.1
2% 11.9% 4.57% 7.33
4% 10.86% 5.54% 5.32
6% 11.72% 5.85% 5.87
8% 16.82% 6.46% 10.36

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).

20



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.

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).

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.

Calcium Oxide: The small amounts of calcium oxide may be present in river
sand especially in minerals like calcite.

Magnesium Oxide: Similarly, small amounts of magnesium oxide may be found
in river sand, often associated with minerals like olivine.

Potassium Oxide and Sodium Oxide: These alkali oxides may be present in
minor amounts, commonly associated with feldspar minerals.

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 (Om 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.
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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
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Figure 11 A graph of the PSD of the neat soil sample.
The shape of the curve appears like a ¢ 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%).
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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
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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%

(08}
—_
N
IS

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.
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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
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Figure 16 A plot of Force against penetration

At 2.5mm penetration force for bottom and top was 1.0KN and 0.4KN respectively.

1.0
CBR bottom = —— X 100

13.2
=8.0%
0.4
CBR top = mX 100
=3.0%

The CBR value obtained during the one-point test at the penetration of 2.5mm was

8.0% after 4 days of soaking which is lower than the required CBR of a subgrade
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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
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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
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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 (lkeagwuani &
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
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Figure 19 A graph of Plastic Limit against river sand content.

Plastic limit

River sand (%

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 (Pl) 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
Pl value of the material while the increase in the percentage of sand up to 20%
causes a gentle fall in the Pl 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
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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
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Figure 22 A graph of MDD against river sand percentages used.

45



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
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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).
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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
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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

49



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.

Test results

Percentage of materials by

mass
Atterberg limits

Expansive soil CBR
(7;3 River Sand (%) LL(%) PL(%) Pl (%) LS(%) MDD (gm/cm?) |OMC(%) CBR (%)  [Swell

’ (%)
100 0 62.2 31.0 3.2 [18.0 '1.625 214 8.0 [1.4
90 10 53.6 25.6 28.0 [14.3 1.750 15 14.2 0.9
80 20 41.0 18.5 225 [11.0 1.815 14.5 29.1 0.7
70 30 31.4 15.4 161 8.2 1.889 13.9 33.8 0.6

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%

Pl 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

INSTITUTION | STUDENTS TESTING LAB
i -  —
,_ FOA CHRISTIAN ﬁ MWINE & ATEMO ENEKU
| INE AMBROSE (S20832/010) - .
| vty s ( Stirling
,

PROJECT:

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

SUMMARY OF TEST RESULTS FOR EXPANSIVE MATERIAL OF NEAT SAMPLE

LOCATION: MOROTO DISTRICT

Depth  0.5m "
| CBR |
GRADING ATTERBERG LIMITS | wmoo caR 4,
LOCATION BLENDED% | ! SWELL
,En».ﬁ:zn 6 | ws | 2 | s | 2 |oas e,SL M [ w | | m | s | Moo omc 62 AVERAGE,
I | |
: i T T T 1
100 | 100 | 200 | 99 | 97 | 93 | 74 |03 | 61 | 308 | 33 | 180 165 214 8 10 140 |
. ; | !
{ 100 100 | 100 | 100 | 9 | so | & | 043 | 622 | 312 7 310 | 180 |
i !
! N
it 100 _ 100 | 100 To.uq 98.01 912 Trt 039 | 622 | 310 _ 31.2 | 180 1625 214 8.0 140 | 140
MOROTO i
| otmicr | 12/15/2023 | [
T
| [ { i
B , S _
% | 91 | n T.u! 622 B.N_ 32| 10 _ 1625 | 214 80 130 " 140

V@’Egza

61



INSTITUTION STUDENTS NAMES
BTN MWINE AMBROSE (S20B32/010) &
Lawi LA ATEMO ENEKU JOAN ( $20B32/313)

TESTING LAB

Stirling

PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
PARTICLE SIZE DISTRIBUTION (BS -2-9

Location : MOROTO DISTRICT Lab. Refernece No.:

Location :(km) NEAT SAMPLE Dry wt. of sample before washing: (g) 4806.4

rDepth: (m) 0.5m Dry wt. of sample after washing: (g) 1241.0

ol Date Sampled: Date Tested: Technician
sl MOROTO DISTRICT
Geasepuon 15/Dec/2023 17/Dec/2023 | Labteam
9 Passing (% i imi

Sieve Size (mm) | Weight Retained (g) Retained (%) assing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 0.0 0.0 100 60 95

5.0 60.3 1.3 99 30 65
2.00 79.9 1.7 97 20 50
0.425 218.1 4.5 93 10 30
0.075 877.6 18.3 74 S 15
Total fines 3570.5 74.3
Bottom Pan 5.1
Extracted fines 3565.4
Total sample 4806.4
|Grading Modulus 0.36
100

90

80 1

70

60

S0 1

40

% Passing

100 00

Testing Lab

=

Y STUDENTS

\ M

< I S
Lab Techniciah<*~ Mbtesidfs Engiffleer . ‘;"\/

’;.
\ ’ s *
\;'4,
W
\, Q.
\
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INSTITUTION . STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN "
MWINE AMBROSE (S20B32/010) & I o i
’ i S ATEMO ENEKU JOAN ( $20B32/313) Stirling

PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Location : MOROTO DISTRICT Lab. Refernece No.:
"Location :(km) NEAT SAMPLE Dry wt. of sample before washing: (g) 4698.2
Depth: (m) 0.5m Dry wt. of sample after washing: (g) 1508.0
Material i Date Sampled: Date Tested: Technician
genal MOROTO DISTRICT
description: 15/Dec/2023 17/Dec/2023 Lab team
i 9 Passing (% Grading Limi 6
Sieve Size (mm) | Weight Retained (g) rtained (%) e L e A0
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 0.0 0.0 100 60 95
5.0 9.5 0.2 100 30 65
2.00 40.7 0.9 99 20 50
0.425 426.3 9.1 90 10 30
0.075 999.0 21.3 69 5 15
Total fines 3222.7 68.6
Bottom Pan 32.5
Extracted fines 3190.2
Total sample 4698.2 .
|Grading Modulus 0.43
100 -
% ==—=—=
80 I=E==
70 } :
y & i
% so =
&~ 1
40 = : e
30 = —_——
20 : :
10 1 ;
0 — et
0.01 1.00 10.00 10000
Diameter(mm)
Testing Lab / STUDENTS

’

prad /gg émx .
|Lab Technician 2
N
\
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T
INSTITUTION —_—
STUDENTS TESTING LAB
UGANDA CHRISTIAN
urilvusnv MWINE AMBROSE ($20832/010) & ATEMO
o ot 2 e o e ENEKU JOAN ( $20832/313)
PROJECT:
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
SOURCE . [MORGTO DisTRICT Technician: Lab Team
mix I NEAT SAMPLE Sample Date 15/Dec/2023
estmetiod 1851377 Pan2 19904 344 Test Date 18/Dec/2023
LAYER EXPANSIVE SOILS
Depth 0.5m
PLASTIC LIMIT TestNo. PL ) Average
Mass of wet soil + container ( 2875 28.61 2868
Mass of dry soil + container | 27.26 27.31 27.285
[Mass of container (; 2261 2291 2276
[Mass of moisture 149 13 1.395
[Mass of dry soil_(g) 465 44 4525
Moisture content % 320 295 308
AVERAGE
LIQUID LIMIT Test No 1 4
Initial gauge reading (mm) 0] [ [ 0]
Final gauge reading (mm) 157 18 5] 219 249
| penetration (mm) 157 18.5 219 249
VERAGE 157 185 219 249
IContainer No BE Pi66 PI8 MB
[Mass of wel soil + container 43 53 4031 49.10 47.65
3012 27.68 3273 31.47;
[Mass of container 705 7.08 7.10 6.99
[Mass of moisture (g) 1341 1263 16.37 16.18
2307, 2062 25.63) 24.48
Moisture content (%) 58.1 61.3 63.9' 66.1
|averaGE 58.1 61.3 63.9 6.1
Liquid Limit Determination
25 23 g
Liquid limit (%) 621
23 Plastic limit (%) 308
¢ DT T Plasticity Index (%) 313
5 g4 dar e b ERNp cENENa N RS AR AR N T
}adllila i E0%af (ERBRRRNARNUDEARARY
8 LU e 488 EERTREN R RURARNRARERNNYY Trough No .
o
1 4o fflogee o ] L I SR, . . R R R SR S wag" |Qﬂ°m (c"‘) 140
) Specimen length (cm) 1ns
15
58 61 A\ 62 63 64 65 66 67 L = 25
sture Content % 2
/ pIA \ % L.shrinkage = 180
o \,
\
IR STWIDENTS
//
: i =
# i N '
v s P . jm;—
“Lab Technician

Q-
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INSTITUTION

STUDENTS

TESTING LAB

UGANDA CHRISTIAN
UNIVERSITY

A s st

MWINE AMBROSE (S20832/010) & ATEMO
ENEKU JOAN ( $20832/313) S' rl ng

PROJECT:

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit

.

[MOROTO DISTRICT Technician Lab Team
] NEAT SAMPLE Sample Date____ 15Decr2023
BS 1377 Part 2, 1990 4 34 4 Test Date 18/Dec/2023
LAYER EXPANSIVE SOILS
0.5m
TIC LT Test No KK PL Average
1SS Of wel soil + container 3284 3407 33455
1S$ of dry soil + container 3035 3134 30845
ss of container 232 2264 2243
ss of moisture () 249 27 281
of dry soil () 803 87 3385
isture content % 310 314 312
VERAGE
TestNo | .- 4
0 o ol o
15| 187, 2138] 248
155, 18.7] 218 243
155 187 218 248
" P3| Pl L |
52.79 4362 47.87) 1088]
35.97] 2071 31.92) 2722]
7.00] 595 Y|
13.91 1595 1344
2271 2497] 2032
61.3 s39| 5.1
513 839 s 1
Liquid limit (%) 822
7 1 SUABNENS N U BT RNN R LSWa AR Plastic limit (%) a2
e DG Plasticity Index (%) no
E 21 Linear shrinkage
£
9 IERN IR NR R,
| T AERSH RN, Trovon No .
12 RARETENS "« SURDERAS Trough lengh (cm) 140
[Specimen length (cm) ns
64 65 66 67 L shringage = 28
% Lshnnkage = 180
NTS
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STUDENTS NAMES

TESTING LAB

MWINE AMBROSE (S20B32/010) & ATEMO ENEKU JOAN (

$20832/313)

l Stirling

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
[Deptn 05m Date Sampied Date Tested Technaian
_ NEAT sampLE 15Deci23 l 17/Decs23 Lab team
SOURCE MOROTO DISTRICT
Materal description: EXPANSIVE SOILS Natural moisture (%) 10
TEST DATA
Weight of rammer (Kg) No of blows per layer I Noofiayers  [Height of drop (mm) [Drameter of mould(mm) [Volume of mould (cm)
45 27 5 I 457 100 1,000
ENT DATA
1 - 4
A A A A A
em’ 120 220 320 420 520
gm 5888 6045 6256 6.140 6.008
gm 4282 4282 4282 4282 4282
om 1604 1764 1974 1858 1724
em’ 1,000 1,000 1,000 1,000 1,000
jet density of sol gem’ 1604 1764 1974 1858 1724
DATA FOR PROCTOR CURVE
(Container No 80J ucy CR7. 261 ey
Mass of wet soil + Container am 26800 28830 24440 27400 26730
IMass of dry soil + contamer am 24140 25450 21410 23610 22890
[Mass of container i) 8000 8070 7700 8080 8190
[Mass of water added - 268 s 303 3re 384
[Mass of dry soi Ll 1614 1738 1371 1553 1470
IMoisture content % 188 133 221 244 261
Dry density gem’ 1377 1491 1817 1494 1367
Maxmum dry density (gmiem ) 16 Ogtrum mosture content (%) 214
16% : t ‘
= T ===
1600 p— 1
— - T
18%0 1
Q ey
& 1500 i 1¥
E - SISED (O =
. | ==
! = = o e G =
2o 240 %0
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P Institution

Names

UGANDA CHRISTIAN
UNIVERSITY
8o ames e Ao

S208320013)

MWINE AMBROSE ($20832/010) & ATEMO ENEKU JOAN (

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Testing Lab |

INVESTIGATING TIIE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

Test sample reference : [Depth. 0.5m [Sampling Date 15/Dec/2)
mix: NEAT SAMPLE Casting date : !
[[Source: MOROTO DISTRICT Testing Date N
Sample Description: EXPANSIVE SOILS |Lechnicran Loe
Volume of Mould used (m”)
Natural moisture of air dried sample Volume of water added
Tin No. NMT Mass of air dried soil (g) 6000
Tin + air dried soil sample (g) 2364 MOD (Mg/m’) 1.625
Tin + oven dry soil sample (2) 2287 s
lin () 776 214
Dry soil sample 1511 Added OMC (%) 16.3
Water (g) 7 Calculated dry wt of soil (g) 56942
INM.C (%) 5.1 Water added (g) 931
Average (%) 5.1 Water added (ml.) 931
umber of blows 62
umber of layer
Water Content Determination Before Soaking_|After Soakiny
Tare No Bo) | - [crr o -
Mass of wet sample + Tare g | 203 - [ 2490 -
Mass of dry sample + Tare g | 1863 - 2200 - | b =
Mass of Tare v 800, - 70, - . [ T
[Mass of water g 190/ 290 - =
Mass of dry sample g | 1063 - 1430 - i
Water content % 179! - 203 - = e
|Average water Content % 179 203
\Density determination
Mould No K o |
[Mass of mould + soil s 12068 12178
Mass of mould g 7490 7490 . A
Mass of soil g 4578 4688 o
Volume of the mould emd 2305 2305
Moist density wem3 1.986 2034
Dry density e, 1.685 1691 C
Swell Determination
Date Hour D.Gauge Reding
initial reading 96 hrs 7.85
nal reading 9.63
Teight of the specimen ™ 127
I cight of swell SE) N
Swellify(%) 1,40
Observations N ¥

For the Lab Wil S

For Students

...
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Institution "
Stud, Names Testing Lab
UGANDA CHRISTIAN ;
UNIVERSITY MWINE AMBROSE (520832/010) & ATEMO ENEKU JOAN (| TR T
ot e 520832/313) Stirling
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
t sample reference Depth 0.5m Sampling Date 15/Mec/23
el NEAT SAMPLI: Penctration Date Man24
[Source MOROTO DISTRICT | rechnician © Lab team
Sample Description EXPANSIVE SOILS
umber of blows per layer 62
Number of layers s s s
lould No 2
“apactty of the Proving Ring (KN) 50 50 0
\Proving Ring Constant (KN/div.) 02052 02052 02052
Speed. mm min. Top_ Bottom
[Penetration of Time | Reading = Force | Reading | Force .
he (mm) @ ] *10%mm | kN) | *10'mm | (k)
0 0 0 0.0 0 0o 12
028 17 o o0 1| 02 _ -
oS 24 1 02 1 1| 02 el s — -
0.78 s 1 02 2 04 = ; SE— | . 1 S—— .
1 a7 LI 2 04 .y O =
15 n 2| o4 3 06 ) o | EE N
I T
2 u | 2 04 4| o8 i R S =
25 s | 2 04 LRI T I | I N PN )
3 8 142 3 | o6 3= f1s ————t ——
3. s | 3 06 6 | 12 | | N 1
4 189 | 4 L 08 5% 14 S P v =~ {
45 s i | 08 | 7 14 e NS - =
s 236 s | oo | s : L 78 | A e
ss 0 | s o | & | s |
6 28 s 10 9 | 18 B
65 w | 6 | 12 10 I 21
7 BT ¢ | 0 | 2
75 L2 " 23 \
2
[Observations 2 Q
For Students
PZVAN T
Y A
SVI( i
D 7 ﬂ"
lb_techncian
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Vs =

St

Names

Testing Lab

UGANDA CHRISTIAN
‘ UNIVERSITY

$20132/313)

MWINE AMBROSE (520B32/010) & ATEMO ENEKU JOAN (

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

ab. Technician

[Test sample reference . Impm 0.5m [Sampling Date 15Meci23
Imix NEAT SAMPLE Testing Date id
Souree . MOROTO DISTRICT Technician 1.ab team
[Sample Description EXPANSIVE SOILS
N vs FOR
50
40 |
20 H
g
s
& L
2 [ HHH s i HHH - H
U
L
—“—— ’,A
10 [ . LT
L
LI+ U
L : s
A
°ullﬂ os 10 15 20 25 30 s ‘0 4s so0 55 80 65 70 75 LL
Penetration (mm)
62 blows
Force CBR
Bottom | Top | Bottom | Top.
2.5 mm Penetration 10 | 04 | 8 3
5.0 mm Penetration 16 | 10| s s
Average 13 | 07 | soch a1
Retained CBR g ont”
[Observations o CBR'_-\ 8. 0
_— o
For the Lab_~", . \,/ // For Studeats

Pre
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Appendix B: Laboratory tests on the river sand used

F—

INSTITUTION STUDENTS TESTING LAB
R L irling
' :
SAMPLE d
DISCRIPTION: |SAND Sampling Date: |16-Jan-24

SAMPLE SOURCE: |MOROTO Testing Date: _|17-Jan-24

TEST DETERMINATION OF SILT CONTET
TEST METHOD ASTM C40 =

S.no Description Sample1

1 Volume of sample Sand (V2) 56.2 it

2 Volume of silt layer + Sand 58

sample(V1)
3 Volume of silt layer (V3) 1.8 -
A Percentage of silt % 2
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INSTITUTION STUDENTS TESTING LAB
T
UNIVERSITY MWINE AMBROSE (S20B32/010) & ATEMO ENEKU
A b m ( szom13’

STIRLING _
cT INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

GRAVITY & WATER ABSORP U

(AASHTO ; T84-—00)
ASTM DESIGNATION ; C128—87

L
£

AVERAGE RESULTS

SPECIFIC GRAVITY
ULK SPECIFIC GRAVITY ON SATURATED SURFACE DRY BASIS
APPARENT SPECIFIC GRAVITY

WATER ABSORPTION

71

SOURCE: MOROTO OPERATOR }l‘
SAMPLE No SAMPLING DATE Bumnd
DESCRIPTION: Natural sand TESTING DATE: 17-Jan-24
TEST NO A !
[Al wt_of oven dry sample in ar {gm) 528 L
[B] wt_of pycnometer filled with water (gm) et
[C] Wi of pycnometer with specmen and water {am) E8% o
[S] wt of saturated surface dry sample (gm) = L
\ s A
'Bulk Specific Gravity on oven dry basis 853 2488 !
I s 30
Bulk Specfic Gravity on satursted surface dry basis 2526
i 2 = (B+S-C) = "
A =
(Apparent Specific Gra 2586
e (B+A-C)
Water Absorption(%)= —'°2A(§ﬂ— w &
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P ' e
mﬂ WEM (S20B32/010) & ATEMO Sﬁl‘ll I ‘f
S s b et ENEKU JOAN ( $20832/313)
PROJECT: mmmmwmmmmamunmwmmm; "
(BS 882 - 1892)
%%&W—L OPERATORS: LAS TEAM
SOURCE: MOROTO TOTAL DRY WT, OF sampLe: 18995
TOTAL WT AFTER WASHING 45236
|SAMPLE No: _ SAMPLE A MOISTURE CONTENT: _
MATERIAL [NATURAL SAND WET OR DRY SIEVING: _WET .
rMmJ DATE SAMPLED: 16.Jan-24
T DATE TESTED: 17__4...24 ‘ .
ﬂe(v':;lz: WEIGH: :‘E)mueo PERCENTA‘G*!, RETAINED ’?;?”w “mﬁ’f
3008 251 0.52 ) Sigg_ 18
5 923 1.90 98 . "—;—
238 163.9 33 o4 0100
- i 12 o o100
0.600 12213 2513 55 ’::" il
0.300 14216 2925 28 { :S:;_
9159 6897 1419 11 0-1
PAN 219.2 _
TOTAL 45236 I
I 100 i Grang Crve = ==
I
|
|



lprovect: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
(BS 882 - 1992)
OPERATORS: LAB TEAM
Ot WW or A : 3867.2
TOTAL WT AFTER WASHING 53847
MOISTURE CONTENT:
WETORDRYSIEVING:  WET
DATE SAMPLED: 16-Jan-24
DATE TESTED: 17-Jan-24
o WEIGHT RETAINED PERCENTAGE RETAINED | PERCENTRCE | o o 1992 Table 4. (%)
it (gm) (%) (%)
"! 00 : 125 021 100 380
5 277 0.47 9 2100
e . o 60 - 100
X 014t 1558 79 30 - 100
__m 93348 2275 56 15- 100
0.300 18348 s EEl 1-70
0.150 814.1 13.88 u g-18
PAN 160.0
lrorac 53847
L V R
et i /

e % ¥ ¥ 8 £ 3 4 m &
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'INSTITUTION

TS HRETAN MWINE AMBROSE (S
PROJECT AT T expans
TESTING DATE

SAND SAMPLE 1

TEST NO i

WEIGT OF SAND 4806

VOLUME OF CONTAINER 0.27

BULK DENSITY (glcm’) 1.780
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Laboratory test results on the stabilized soil

Appendix C

[T R T —————

-
INSTITUTION STUDENTS { TESTING LAB
UGANDA CHRISTIAN |
UNIVERSITY | MWINE AMBROSE (S20B32/010) & ATEMO ENEKU

[_Stirling ]

| JOAN ( S20B32/313)

PROJECT:

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

SUMMARY OF ALL TEST RESULTS

I
GRADING . ATTERBERG LIMITS . MDD R i |
LOCATION  BLENDED % s ‘ T L x Swer
SAMPUNG | [
i - DATE 63 375 | 20 5 i 2 | 0.425 0.075 | ™M w PL | L '—W MDD omc 62 _ AVERAGE
1000 ' 1000 100.0 987 | 971 | 9s 743 | 04 62.1 308 313 180 18625 14 8 14 “ 14
NEAT T t T —_ -
1000 | 1000 _ 1000 998 |, 989 | 899 686 04 622 n2 310 180 |
s ’ d___ 3 !
1 T T i 7 |
1000 1000 | 1000 980 | 958 ! 88 610 06 | s3s 256 279 143 1750 15 1 09 | 09
10% SAND [— - T : 1 + + ——
1000 | 1000 ' 1000 976 | 952 | 819 557 | 07 536 255 | 281 | 143
— + —_—— e}
° | i
I =
T t t
100.0 100.0 1000 979 926 68.7 400 | 10 409 186 23 110 1815 145 3 07 07
20% SAND ! . == —
1000 1000 1000 954 | 912 ' 684 49 | 10 a0 183 27 1no
92s 628 294 12 : 314 153 161 82 1889 133 £l 0s 08
911 637 36 11 314 154 160 82
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INSTITUTION

UGANDA CHRISTIAN
UNIVERSITY

s o e oot s

STUDENTS

MWINE AMBROSE (S20832/010) & ATEMO ENEKU
JOAN ( 520B32/313)

PROJECT:

TESTING LAB

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILs

SUMMARY OF TEST RESULTS FOR EXPANSIVE MATERIAL OF EXPANSIVE SOIL MODIFIED WITH 30% SAND

LOCATION:

MOROTO DISTRICT

Depth: 05m
L Tar
GRADING ATTERBERG LIMITS Moo 8
LOCATION BLENDED % 8 - BRI M |
u’_u»s_,a:zn 63 35 | 20 s 2 |04 0075 GM w PL Pl s MDD omC 62 AVERAGE
100 100 | 100 99 92 63 | 29 | 115 | 314 153 161 | 82 1889 133 338 055 cs5
EXPANSIVE 00 100 | 100 | 97 7 91 64 3 | 11| 314 154 160 | 82 - -
S0 I I Tzl o S e
MODIFIED | 100 _ 100 | 100 _wﬂ.wTun..: mw.uu_ 32 _ 113 | 314 _ 153 | 16.1 | 8.2 |1.889 133 338 | 055 055 |
moroto Voma® ¥ ﬁ I ] B el Wz
SAND i
DISTRICT RS20 | | | |
—_— ———t e
AVERAGE 1130 1| 82 _:-L 13 ns —PE | n.uul_
FORLAB STUDENTS.

Lab Techncian N
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INSTITUTION STUDENTS NAMES TESTING LAB
R MTIAN MWINE AMBROSE (S20B32/010) & Stirling
A 4 bune i o oAb ATEMO ENEKU JOAN ( §20B32/313)
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CLE S| a2
Location : MOROTO DISTRICT Lab. Refernece No.:
EXPANSIVE SOIL MODIFIED WITH 30%
[Location :(km) Dry wt. of sample before washing: (g) 2786
[Depth: (m) 0.5m Dry wt. of sample after washing: (g) 2028.1
. Date Sampled: Date Tested: Technician
4 M“'.‘""." i MOROTO DISTRICT
lescription: 15/Dec/2023 5/Feb/l2024 Lab team
Sieve Size (mm) | Weight Retained (g) Retakied (6] Passing (%) Sradi Liniits (G40 540
3. 0.0 0 100 100 100
7. 0.0 0.0 1 8 100
0. 0.0 0.0 1 6 95
5.0 347 1.2 3 65
2.00 75.2 6.3 20 50
0.425 6.1 29.7 6. 10 30
0.075 0.1 334 29 5 15
Total fines 9.9 294
Bottom Pan 62.0
Extracted fines 757.9
Total sample 2786.0
Gradina Modulus 1.15

100 00

ST

UDENTS
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INSTITUTION STUDENTS NAMES TESTING LAB
b s MWINE AMBROSE (S20832/010) & Stirling
. oa doiia e ATEMO ENEKU JOAN ( S20B32/313)
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
{:] -2
Location MOROTO DISTRICT Lab Refemece No:
EXPANSIVE SOIL MODIFIED WITH 30%
Location (km) SAND Dry wt_of sample before washing: (g) 3583.5
Depth_(m) 05m Dry wt_of sample after washing: (g) 23865
Date Sampled Date Tested: Technician
““::I":ﬂn MOROTO DISTRICT
P! 15Dec/2023 S/Febr2024 Lab team
Sieve Size (mm) | Weight R ) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 100 100 100
s 100 100
20.0 100 95
50 | 7 3 65
2.00 ) 1 20 50
0425 | 54 10 30
0.075 N 5 5 15
Total fines o
Bottom Pan o
E fines 11670
Total sample 3583 5 ===
rading L 111

% Pawing

o 100

100 00

Q STUDENTS

A .
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN I . I
UNIVERSITY MWINE AMBROSE (S20832/010) & ATEMO Stl r“ng
A (e s & @0 i 4 B o ENEKU JOAN ( 520832/313)
PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
SOURCE : [MOROTO DISTRICT Technician Lab Team
X EXPANSIVE SOIL MODIFIED WITH 30% SAND Sample Date 15/Dec/2023
ITest method BS 1377 Part 2, 19904 3/4 4 Test Date 6/Feb/2024
LAYER EXPANSIVE SOILS
th 0.5m
PLASTIC LIMIT Test No. " KL Average
[Mass of wet soil + container (g) 39.12 36 04 3758
Mass of dry soil + container 36.95 3423 3559
Mass of container (g) 22.84 2227 22555
[Mass of moisture (g) 217 18 199
[Mass of dry soil (9) 14.11 11.96 13 035
[Moisture content % 15.4 15.1 153
IAVERAGE
lLIQUID LimiT Test No 1 2 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.7. 18.9 21.2 243
netration (mm) 15.7. 18.9; 21.2 243
AVERAGE 15.7 18.9 21.2 243
Container No. A7 AO PI26 KO
Mass of wet soil + container (9) 43.28 49.10 49.23 48.90
[Mass of dry soil + container Q) 35.46 39.21 39.08 38.38
[IMass of container () 9.30 6.92 6.99 6.97
[IMass of moisture (g) 7.82 9.89 10.15 1052
[Mass of dry soil @ - 26.16 32.29 32.09! 3141
([Moisture content (%) 29.9' 30.6 31.6 33.5
AVERAGE 29.9 30.6 316 335
- Liquid Limit Determination
] Liquid limit (%) 314
23 — — — Plastic limit (%) 153
£ V IR Plasticity Index (% 181
™ ol LT ity Index (%)
S Linear shrinkage
j S U S e
3
§
a U R o o T 7T E i v 2 m s i —
8 A B JMNE R | [ Trough No. !
LS o B o 7 i i . s o + T Trough length (cm) 140
- T 3 .
15 Specimen length (cm) 129
29 31 32 33 34 L.shringage = 12
Moisture Content % 3
% L.shrinkage = 82
Remarks: .« -
TESTING LAB STUDENTS
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRIS
muﬁ' e MWINE AMBROSE ($20832/010) & ATEMO l Sti rling .
[ — ENEKU JOAN ( 820B32/313)
PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
HSOURCE [MOROTO DISTRICT Technician. Lab Team
i EXPANSIVE SOIL MODIFIED WITH 30% SAND Sample Date 15/Dec/2923
Test method BS 1377 Part2 19904 3/44 Test Date AIFeni2924
LAYER EXPANSIVE SOILS
Depth 05m
PLASTIC LIMIT Test No PN Y4 Average
IMass of wet soil + container (g) 36.04 3548 3579
'Mass of dry soil + contaner (g) 3423 3356 33 295
Mass of contamer (Q) 2227 2123 2175
IMass of mossture (g) 181 19 1265
Mass of dry sol (@) 11.86 1233 12 145
Moisture content % ‘151 156 154
IAVERAGE
LIQUID LIMIT Test No 1 2 3 4
inbal gauge reading (mm) 0 0 0! 0
Final gauge reading (mm) 153 18.2, 211 243
penetraton (mm) 15.3. 182 211 243
AVERAGE 153 18.2 21.1 243
iContainer No. Pl42 PIg11 AB FOO
Mass of wet soil + container (g) 41.59 51.48 43.91 52.92
Mass of dry soil + container (g) 33.66 41.06 38.78] 4151
Mass of container (9) 7.13 7.09 6.90 5.86
Mass of mossture () 7.93 10.42 10.13 11.41
Mass of dry soil (9) 26.53 33.97 31.88 3485
Moisture content (%) 29.9 30.7 31.8 323
AVERAGE 299 30.7 318 329
25 Liquid Limit Determination
) /.l Liquid limit (%) 314
> [ DO S Plastic limit (%) 154
E Plasticity Index (%) 160
21 +—— _
H Linear shrinkage
s -
E
d9+— - ———— S - - -
H
3 R 2 " Trough No |
W yr=———rT1 7 ) S s o Se Trough length (cm) 140
| S 1 lengtn (cm) 129
15 _
29 30 31 32 33 L shnngage = 12
\ Moisture Content %
\ % L.shrinkage = a2
\
\
STUDENTS
A~
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Lab Techniciar,

Ay INSTITUTION STUDENTS NAMES TESTING LAB
A T aTAN MWINE AMBROSE ($20832/010) & ATEMO ENEKU JOAN ( ng
PSRRI, $20B32/313)
PROJECT: l INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Test Reference No |Depth 05m Date Sampled Date Tested Technician
Mix EXPANSIVE SOIL MODIFIED WITH 30% SAND  |15/Dec/23 5/Feb/24 Lab team
SOURCE MOROTO DISTRICT
L,genm description: EXPANSIVE SOILS Natural moisture (%) I 10
TEST DATA
Weight of rammer (Kg) No_ of blows per layer No of layers  [Height of drop (mm) | Diameter of mould(mm) |Volume of mould (cm’)
45 27 5 457 100 1,000
MOISTURE CONTENT DATA
Test No 1 2 3 4
Tin No A A ) A A A
Water Added cm’ 140 240 340 440 540
IMass of Compacted soil + mould gm_ 6,119 6,305 6,419 6,360 8,295
[Mass of Mould gm 4,273 4,273 4,273 4273 4273
[Mass of Compacted soil gm 1846 2032 2146 2087 2022
olume of mould cm’ 1,000 1,000 1,000 1,000 1,000
[Wet density of soil glem’ 1.846 2032 2.146 2087 2022
DATA FOR PROCTOR CURVE
IContainer No. UPC FDC 26T BAK MJR
[Mass of wet soil + Container gm 2,140.0 2,047.0 2,460.0 20260 22630
IMass of dry soil + container gm 2,028.0 1,9200 2,261.0 1,860 0 20430
Mass of container gm 808.0 806.0 810.0 805.0 7900
[Mass of water added o 112 127 199 166 220
[Mass of dry soil am 1220 1114 1451 1055 1258
Moisture content % 9.2 11.4 13.7 15.7 175
Dry density glcm® 1.691 1.824 1.887 1.803 1721
Maximum dry density (gm/cm®) 1.889 Optimum moisture content (%) 133
( ELET
= ) E S} i B B ==, £ ] N =50 o SN, o G B 22 '> +4
[ 1810 —
T 1
] —F ) S5 A o EE - ‘ I
B S O Co D O 0 U N 0 5 ) 0 e W B 0 B SN . - - i L
1.860 = = s
L 1111 -1+ttt + 4+
£ o = E i [ - e S = F I
2 L 5 0 e s o e I FEE
& 1210
g N - - -+ +HHHt++ B o I A Ftobt
FEESEEE! B S ESESREEEESERNY
! § . Il O 2 = . O
| S 1760 N i [
o - a T s e -1 —— tt
5 % 7 -1 I — - \k\ ,I { tt
11141 2 = . " =l i = \’ !
A N G —f—— S el
1710 b
<+« B . l
1.660 -
9.0 100 110 120 130 140 150 160 170 180
Moisture Cai\_unl (%)
Remarks:
STUDENT!
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Institution

Students Names

Testing Lab

UGANDA CHRISTIAN
UNIVERSITY

B R e by

MWINE AMBROSE (S20002010) & ATEMOPNEKE JOAN(

S20132/01 )

Stirling

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Lest sample reference llk‘plh 0.5m Sampling Date 15/1)ec/23
i 1 XPANSIVE SOIL MODIEIED WITHE 3% SAND |Casting date IiFewis
Nource MOROTO DISTRIC festing Date 14/Febr24
I echnician |.ah team
Nample Description EXPANSIVE SOILS
Volume of Mould used (m’) 2305
Natural moisture of air dried sample Volume of water added
Tin No 21 Mass of air dried sonl (g) “HAA)
T + air dned soil sample (g) 2459 MDD (Mg/m’) 1.229
I + oven dry soul sample (g) 2365 NMC (%) 60
in (@) 800 OMC (%) 152
Dy soul sample 1565 i Added OMC (%) 92
Water (2) 94 Calculated dry wt of soil (g) 56396
N MC (%) 60 Water added (g) 520
Average (%) 6.0 Water added (ml.) 520
Number of blows 62
Nmn;w;\fla)’cr | 5 B =
Water Content Determination Before Soaking |After Soaking
TareNo e ACB - ACB__ - (4
Mass of wet sample + Tare e | 187 - | 23t -4 |  fF | _
Massofdrysample+Tae g | 1734 - | 2145 - ] S I
MassofTae ¢ | 782 - - f 1 L. Ll S .
Massofwater Ll AN s ) N6 ¢ DT —
Massofdrysample g 952 - 1363 - SR | e -
[Water content % 150. - 15.1 -
Averaze water Content % |- 150 T I i i
\Density determination
Mould No IS e - .
Mass of mould + soil R 12589 12594 . | —
Mass of mould 8§ 7558 7558 — - ]
Mass of soil g | 5031 5036
Volume of the mould _em3 2305 2305
Moist density g/em3 2.183 2185
{Dry density g/em3 1.898 1.898
|\Swell Determination
ate Hour D Gauge Reding
linitial reading 96 hrs 63
i indl reading 7
H:lclgjnl of the specimen 127
feight of swell N 07
Swelling(%) | 058
Observations 3 \\\
For the Lab P 7 oy A = For Students
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$20B32/313)

Institution Students Names Testing Lab
UGANDA CHRISTIAN B (Q -
MWINE AMBROSE (S20B32/010) & ATEMO ENEKU JOAN ( T
UNIVERSITY : Stirling

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Lab. Technician

Test sample reference IDcplh 05m Sampling Date 15/Dec/23
Imix EXPANSIVE SOIL MODIFIED WITIH 30% SAND Penctration Date 14/Feb24
[Source MOROTO DISTRICT Technician LLab team
Sample Description * EXPANSIVE SOILS
[Number of blows per layer i} 63
[Number of layers - 5, 2 2
[Mould No A 21
‘apacity of the Proving Ring (KN) 50 50 50
Proving Ring Constant (KN/div.) 02052 02052 02052
Speed mm min. Top Bottom
[Penetration of Time | Reading  Force | Reading Force
he plunger (mm) (s) *10'mm (KN) *10’'mm (KN)
0 0 [ X 0o 00
025 ¢ 102 204’
05 24 2 04 __4 | o3
015 35 3 06 | 7 14 _ _
1 47 s 10 no 23 _
L5 n 7 i 14 5 kR | L
2 94 9 | 18 18 37 - " i
25 18 021 A 43 y } i ¥
3 142 11 23 24 49 _ eI 2% = =5
35 165 12 25 27 ss || - T .
4 189 13 2.7 29 6.0 B N S | U (R -
45 213 4 29 31 64 L R [ I | N
. ___ s Bl 15 3.1 ¥ 10 — o [ ==l =
S 260 1633 .1 3 25 B | AR pe| Crmmamy
B 283 17 35 39 8.0 PR . -
6.5 P (I, i (S 1 IO ) Al 84 S R
A 31 19 39 43 88
— 7 —  fr——
1.5 354 20 410 44 9.0
bservations \\,~
e
\ \
- \,
For the Contractor "+ ) For Students
\ )

dp.
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"
Institution Students Names Testing ab
33;':23,?,“"‘“‘" MWINE AMBROSE (S20B32010) & ATEMO ENEKT JOAN ¢ Stirli
iyt S20BILINY) tirling
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOI1LS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference I[)qqh 0 %m Sasghing Due 1S 23
X EXPANSIVE SOIL MODIFIED WITH 37 SAND | Terrmg Drre LT s
Source MOROTO DISTRICT Toim oo Py
[Sample Description EXPANSIVE SOILS
.PENETRATION vs FOPCE CUPVE
100 i ‘ 1 : i ¥ : !
1 Fit1
%0 ] : g {3 i1
i i1 113
s0 11 % 188 888 8!
I IS8 18£8 } i /
IRER R0 5 ~ < E B!
10 HiHid i/ i
{ / ITRL L)
{ LT it
0 1 BEAEEE L~ .11 11111 114
2 Brq 111111 {
X A 114 {
g s : pe Hi !
g e 111
& LT 111
“0 s A 11831313
A j IR B
bt SRR R
30t +1HH "f 1 —’__J**..?—f'f‘
o 171 1113141
” | L1 1 111
2o A THHATIT ] T
Vi ’,—P’ i 131
10 ;‘—L,r" : 1
‘/ L+ i i
L 11 i
oo : ] 4 +
1] os 10 15 20 28 k3 35 1 £z iz £s 34 L & 3 Ts
Peneramos mm
Force |
Bonom { |
2.5 mm Penetration 43 | ! |
5.0 mm Penetration 70 | { i
Wverage 56 |
Retained CBR
Observations ~~
s 33.8
For the Lab b3 Far Sansesas
» - ' { [
Lab. Technician Maienials Engincer A i '—/Et;;:-_
/_/
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INSTITUTION STUDENTS NAMES TESTING LAB
g MWINE AMBROSE ($20832/010) & Stirling
s s ATEMO ENEKU JOAN ( $20B32/313) b £

IPROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2-90)
| ocaton MOSCTO DISTRCT Lab Refermece No
EXPANSIVE SOIL MODFIED WITH 20%
oeation (erm) SAND Dry wt_of sample before washing () | 38716
iDepth (m) 0 5m Dry wt_of sample after g (9) 2360 2
Wiaterial — _— Date Sampled Date Tested Technician
dascrgnon MOROTO DISTRICT
150ec202) 5F eb/2024 Lab team
Passing (%) Grading Limits (G60 & 80)
100 100 100
100 80 100
100 00 05
9 0 05
2 20 50
6 10 30
40 [] 15
[Grading Woduos (X ——
.
|
[ -]
‘v
vl
|
il
‘ e 1A A
Dsmeter mm)
7t STUDENTS

o
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INSTITUTION STUDENTS NAMES TESTING LAB {
T MWINE AMBROSE (S20B32/010) & Stirling
£ en S b o ot o s ATEMO ENEKU JOAN ( $20B32/313)
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CLE SIZE DISTRIBU, S 1377 -2-
Location : MOROTO DISTRICT Lab. Refernece No.:
EXPANSIVE SOIL MODIFIED WITH 20%
Location :(km) SAND Dry wt. of sample before washing: (g) 3550.1
Depth: (m) 0.5m Dry wt. of sample after washing: (g) 2052.6
Material Date Sampled: Date Tested: Technician
S MOROTO DISTRICT
description: 15/Dec/2023 5/Feb/2024 Lab team
| Sieve Size (mm) | Weight Retained Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100
37.5 0.0 0. 0 100
20.0 0.0 0. 50 95
5.0 162.9 4. 5 30 .65
2.00 150. 4.2 91 20 50
0.425 810.4 228 68 10 30
0.075 902.2 254 43 5 15
Total fines 1524.5 429
Bottom Pan 27.0
Extracted fines 1497.5
Total sample 3550.1
rading Modulus 0.98

% Passing

ting Lab . *

(-
b Technician

a ifeer
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WNSTTUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN
UNIVERSITY MWINE AMBROSE (820832/010) & ATEMO l rling l
P ENEKU JOAN ( 820032/313)
PROJECT: | INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limlt (cone penotrometer) and plastic limit
3 [MOROTO DISTRICT |Technician m
En |__EXPANSIVE SOIL MODIFIED WITH 20% SAND__|Sam to 15/D00/2023
Test method DS 1377 Part2, 19904 3/4 4 Date 7/F 0042024
EXPANSIVE SOILS
05m
Test No AL} RAD Average |
3009 3331 32
2038 31.67 30475
2248 21.98 223
131 17 1525
0.9 959 8245
19.0 - 181 186
Test No 4
o 0| 0 0|
150 186 215 23.9)
150) 18.6] 21.5] 239
150 186 215 239
ontainer No P3| MB. Pi2H BC__|
55 of wet soil + container 50.29) 36.71 55.07] 48.12
ss of dry soil + container 38.26) 28.14) 42.24) 34.42
55 of container 6.97 6.98 1149 7.04
ss of moisture 1201 8.57 1283 1.7]
ss of dry soil 31.31 zmgl 30.75| 27.38
sture content (%) ‘384 405 417 427
AVERAGE 384 405 417 427
5 Liquid Limit Determination
Liquid limit (%) 409
23 } Plastic limit (%) 186
£ Plasticity Index (%) 223
21
g Linear shrinkage
LT } t el |
5 o
[ | Trough No 4
w T t1 Trough length (cm) 1o
S B |y ik \
L Specimen length (cm) 128
42 43 [Cshringage = D
% L.shrinkage = 1o
S t‘wosms
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e —— —_— —

— =TODENTS. TESTING LAD
INSTITUTION STUDE
by MVINE AMBROSE (520832010) & ATEMO | Stirling '
R ENEXU JOAN ( 4
PROJECT: Imlnmlmm!uuovmtaMn'lunmnalmorzxrmm
ATTERBERG LIMITS
Liquid fimit (cone penotrometer) and plastic imit
OURCE | e Tecrroan Lab Team
[ expanswE son woos €0 vaTH 278 SAND _ |Samgie e — sDeczn |
est method M’ﬂl 19904344 Test Dane T F o224
YER EXPANSYVE SOLS
05m
TIC LMIT Test No « A
of wet soi + cortaner (g) 07 %73 0715
of dry soi ¢ contaner (g) 2324 24 23355
of contaner (g) 2128 2257 21375
12ss of mosture (3) 168 13 [E)
of oy sot (g) 738 53 7 ee
content % 183 23 123
WVERAGE
i Test No $
gauge readng (mm) 0| S S <
Fnal gauge reasrg (mm) 150 125 212! 249
penetraton (mm) 150] 128 rali 240
AVERAGE 150 125 2 243
IContainer No PreN = Fo0 )
of wet soi + corainer () -e3e3 =43 5357 2334
of ary soil + cortainer (3) 322 4213/ 245 57]
of contaner (g) sz 708 g32 s3c|
of morsture (g) 1021 142¢ 15353 15
of ery soil (s 2527 s o= 7 17
content (%) 23 acz| 211 27
AVERAGE 23 s 41 27
25
Liquid Em2 (%) 42
23 1 Plassic Emt (%) .3
H , Plasticity Index (%) 27
1
H
2 o Linear snhnneage.
|
é |Trougn Ne 4
Trougn engm iom) e
Specmen engh om) 2s
L shongage = 15
% L shankage = na
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2 nsTTUTION STUDENTS NAMES. TESTING LAB
' W""“ m""""‘ MWINE AMBROSE (S20832/010) & ATEMO ENEKU JOAN ( Stirling
i PEPRY $20832/313) | l
PROJECT: l INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Test Reference No [oepth ., 05m Date Sampled | Date Tested Technician
™ EXPANSIVE SOIL MODIFIED WITH 20% SAND  |15/Dec/23 SiFebi2A Lab team
lSOURCE MOROTO DISTRICT
Imaterial descripton: EXPANSIVE SOILS Natural moisture (%) 10
TEST DATA
‘Weight of rammer (Kg) No of blows per layer No of layers  |Height of drop (mm) |Diameter of mould(mm) |Volume of mould (cm ")
4s 27 5 457 100 1,000
MOISTURE CONTENT DATA
i . 1 2 3 4 5
in No A A A A A
Added cm’ 120 220 320 420 520
of Compacted soil + mould am 5036 5,208 5296 5223 5,191
of Mould gm 3215 3215 3215 3215 3215
of Compacted soil gm 18~ 1993 2081 2008 1976
olume of mould cm® 1,000 1,000 1,000 1,000 1,000
densty of soil glem® 1.821 1.993 C 2081 2008 1976
DATA FOR PROCTOR CURVE
|contaner no BKN CR? ucy BBC Yoy
of wet soil + Container gm 1,091.0 21050 1,9480 22900 23050
of dry s0il + container gm 1,874.0 1,9520 17970 20740 20690
[inos of container om 801.0 7700 808.0 809.0 8200
ass of weler added bl 17 153 151 216 23
[Muisct chy sol i 1073 1182 989 1265 1249
Moisture content ] 108 129 15.3 174 189
Dry denstty glem’ 1.642 1765 1.805 1715 1662
Maximum dry density (gmicm’) __ 1.815 Optimum moisture content (%) 145
[ 1820
i T T N O T Y = B I ) i
| T £ B 5 I S B 1
| ™ 2 1
7 - = = S i 2 = HENENEEES B |
i s ;
E 1720 1 - - !
162 i B i ) I L B . = ]
t 1620 . 1 i S . !
108 1ns 145 155 165 17s 185
Molsture Content (%)
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Students Names

UGANDA CHRISTIAN
UNIVERSITY

MWINE AMBROSE (S20032010) & ATEMO ENEREJOAN ¢

20002313y

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

ISample Description

EXPANSIVE SOILS

Test sample reference II)\-||II| 0.5m Sampling Date 13/we/23

hnix EXPANSIVE SOIL MODIFIED WETE20% SAND |Casting date s

[Source MOROTO DISTRICT Testing Date 10rketi24
Technician Lab tewm

Volume of Mould used (m’)

Natural molsture of alr dried sample Volume of water added
Tin No. PA Mass of wir desed sonl () s
Tin + air dricd soil sample (g) 259 MDD (Mg/m’) 1815
1in + oven dry soil sample (g) 276 NMC (%) 70
1in (2) 768 OMC (%) 145
Dry soil sample 1708 Added OMC (%) 75
Water () 120 Caleulated dry wi of soil (g) 55785
INM.C (%) 70 Water added (g) “w
Average (%) 7.0 Water added (ml.) 419
INumber of blows 62
INumber of layer
|Water Content Determination Hefore Soaking | After ing
Tare No Yoy = - e -
[Mass of wet sample + Tarc B 20060 - 2309, -
Mass of dry sample + Tare g | 1o - | 2n0 -
[Mass of Tare B 819, - 805 - |
[Mass of water e 168, 19 -
[Mass of dry sample [ ne - 1305 -
|Water content Y% 150 - 152 -
IAverage water Content Y 15.0 15.2
\Density determination
[Mould No AS1 |
Mass of mould + soil L 11684 11696
[Mass of mould 13 6719 6719
Mass of soil B 4965 91
[Volume of the mould cm3 2305 2305
[Moist density p/em3; 2154 2,159
Dry density g/em3 1,873 1.873
Swell Determination R
1 ate Hour D.Gauge Reding
Initial readin, 96 hrs 12.68
inal reading 135
feight of the specimen 127
Height of swell \ '\q 8
Swelling(%) | 067\,
Observations 3

For Students

Jab_Technicia

ﬁ‘?g‘
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Institution Students Names
mlﬂl.clll Wi MWINE AMBROSE (S20R32910) & ATEMO FNERU JOAN(
o s s 0 SR
INVESTIGATING THE USE OF RIVER SANDIN THE STARILISATION OF FAPANSIVE SOTLS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
et sample reference lr\.,.‘ 0tm P e Twe 1
- FXPANSIVE SO AOOITED WITH 3%, S48y I T3
homce MOROTO DISTRICT tochmicas p—
Sample Descnption: FAPANSIVE SO S
Nommber of Bows per v €2
Nt o ine s s s
ST AsT
apac®) of e Proving Ring /KN © = B
Previmg Remg Cometams (AN dy | > 22
" [ Tep Rerem
bemeerynoe of Tese | Readmg  Force |Readme Force
| S 0 I LN S T )
. o | o ec ° 00
(- S [ L R SESEC £9
e ) — # ) 2 o 2 s o
s 3s [ os | s 0% B =
o a gl 6 | % | ¢ v |
L LA ¥ 1 FERN | .
o 3 = T T 18
2 s (R © 3 17 R
S e 10 21 2 43 s
35
) - -
as
s
e
B 6s
7 331 1 29 T
— ~ — —
75 384 15 31 fS $0
fObservations . 28 o \
¥ X
For the Contractor s N For Nwdents
| 2 ﬁ;
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S20R32/313)

Institution Students Names
UGA RIS
w.v'!‘:aﬁ" TIAN MWINE AMBROSE (S20B32/010) & ATEMO ENEKUJOAN (

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

HTest sample reference Im—rm 05m Sampling Date 15/Dee/2}
Imix EXPANSIVE SOIL MODIFIED WITH 20% SAND  [Testing Date 10/Feb/24
[Source MOROTO DISTRICT Techmician Lab tcam
Kample Description EXPANSIVE SOILS
PENETRATION vs FORCE CURVE
50
"
" LU
LT
1 IRy
ﬂ‘—
| LT
. L1 11
H il
£ ’2e
w0 L
A
§ 1
'!
“ e
LA
. M
»
" 1 |1
- 1 1
a0 4+ 211
-H
‘o
o0 |
YT \ "I S ae Ay es . es 10 78 e
Penetration (mm)
62 Maws
Ve CHR
Bottom | Top | tomsoen | 10
2.8 mm Penctration s | s . 1
S0 mm Penctration o4 28 32 12
Average 49.- 22 291 131
Retained CRR 29.0
Dbserations CBR 29,1
For the Lab L/ = For Students
X
ab Technician Matcrials Ergc / 4@\/
— —=
- 7
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|
|

INSTITUTION
UGANDA CHRISTIAN
UNIVERSITY

At

STUDENTS

TESTING LAB

MWINE AMBROSE (S20832/010) & ATEMO ENEKU
JOAN ( 520832/313)

e e s . cmeprn e =
PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
SUMMARY OF TEST RESULTS FOR EXPANSIVE MATERIAL OF EXPANSIVE SOIL MODIFIED WITH 10% SAND
! LOCATION: MOROTO DISTRICT ' Depth  05m
T 1 I % I P
GRADING ATTERBERG LIMITS Moo c8R
|LOCATION BLENDED % . ; B I = Lo LENCHI]
{ u»ﬂn.ﬂzn 6 s | 20 s 2 0425 0075 GM | W P P | LS MOD oOMC 62 AVERAGE
u 100 100 | 100 98 9% 84 61 059 [ S35 256 279 | 143 1750 150 14.2 091 091
EXPANSIVE 00 100 | 100 98 95 | 8 s6 067 | s36 255 143
SoiL —t— ) el Wncull Mt A B ! S —
MODIFIED ﬁuao 100 | 100 — 97.8 ”0m.mh 82.87 | wn.wm* 0.63 | 53.6 | 25.6 | 28.0 | 14.3 T..Mmo, 15.0 14.2 091 ,v 091
WITH 10% e SR —_—de - — e - p—- 1 - —
an“ﬁq% SAND 121512023 A 1 | B O O (I
AVERAGE _F. 100 | 100 | 100 _ 8 ~ % | & %,7 58 _ 0632 | 536 H ﬂ.u_ 280 143 | 1750 ﬁﬁo 12 0o | oo
FORLAB STUDENTS

.
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INSTITUTION

STUDENTS NAMES TESTING LAB
AIGANDA CRABTIAN MWINE AMBROSE (S20B32/010) & s =
e s i ATEMO ENEKU JOAN ( S20B32/313) Stirling

PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
'ARTICLE SIZE DISTRIBUTI BS 1377 -2-90
Location : MOROTO DISTRICT Lab. Refernece No.:
EXPANSIVE SOIL MODIFIED WITH 10%
Location :(km) SAND Dry wt. of sample before washing: (g) 4963
Depth: (m) 0.5m Dry wt. of sample after washing: (g) 1994.0
" Date Sampled: Date Tested: Technician
d:::.e"‘iao'n, MOROTO DISTRICT
pon. 15/Dec/2023 5/Feb/2024 Lab team
S o 0, : . oSN
Sieve Size (mm) | Weight Retained Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 10i 80 100
20.0 0.0 0.0 1 60 5
5.0 97.4 2.0 30 5
2.00 108.9 2.2 20 0
0.425 596.2 2.0 4 10 30
0.075 1134.1 2.9 1 5 15
Total fines 3026.4 61.0
Bottom Pan 57.4
Extracted fines 2969.0
Total sample 4963.0
IGrading Modulus 0.59
100 = e
= :
80
70
o« 60
£
A
i w
® 4
30
20
10
0 3 i :
o0l 0l 100 1000 100 (0
Diameter(mm)
[Testing Lab he STUDENTS
(e
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INSTITUTION STUDENTS NAMES TESTING LAB
maﬁ‘"’“‘" MWINE AMBROSE (S20B32/010) & Stirli
ool L ATEMO ENEKU JOAN ( S20B32/313) ng
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)
Location : MOROTO DISTRICT Lab Refernece No
EXPANSIVE SOIL MODIFIED WITH 10%
Location :(km) SAND Dry wt_of sample before washing (9) 4358 5
Depth: (m) 0.5m Dry wt_of sample after washing (g) 19910
Date Sampled Date Tested Technician
" :‘.qu'&';'w MOROTO DISTRICT
* 1500c2023 5F eb/2024 Lab team
Sleve Sizo (mm) | Welght Retained (g) Retained (%) . P“""? ") e ”Gr’uft’ng Limits (G60 & 80)
63, 0 100 I ) 100
a7, 0 - 100 80 100
20. 100 e 95
5.0 1060 ) 9 N T 05
2.00 1013 9 w0
0.425 5812 82 o
0.075 11417 . 56 i
Total fines 24283 -
Bottom Pan 608
Extracted fines 2367.5
otal sampio 4358 5
Grading Modulus 0.67
00—
%0
L
70
o0
50
T
0
20
10
o
oo LA 1w 1000 100 00
Diameter{mm)
SN
[Testing Lab ) STUDENTS
\
(Lab Tochnician (s
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WSTITUTION STUDENTS TESTING LAB |
UGANDA CHRISTIAN
UNIVERSITY MWINE AMBROSE (520832/010) & ATEMO [ Stirling
SR S on il ENEKU JOAN ( )
PROJECT: IWESWMDIEUSEOFRNER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
[#o=oTo osTRCT [Technican 36 Team
EXPANSNVE SOIL MODIFIED WITH 10% SAND Samgie Date 15Dec2023
Test Date 130202023
RAYER [EXPANSIVE SOLS
05m
TestNo RAD L Averzge
3812 3882 3387
348 3518 3543
2186 2254 22
332 35 33
1284 1382 1323
258 254 258
Test No 4
o [ o 9|
250
250
2 250
PeH
5388
35 83|
550
1551
2985/
581
546 581
Liquid Limit Determination
Liquid limit (%) 535
Sy =R = — Plastic mit (%) 258
i Plasticity Index (%) | 27
"""" Linear shrinkage
i
| Trough No 2
L I
1 ~—r— 3 Trougn leng™ (cm) uo
| lengm (cm) 120
53 54 55 56 57 L shnngage = 20
Mossture Content % % L shankage = 143
X
) NTS
&3
[Z2gv0
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ENEKU JOAN ( 520832/313)

INSTITUTION STUDENTS TESTING LAB
mgnmm MWINE AMBROSE (5208321010) & ATEMO

l Stirling l

PROJECT:

I INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

ATTERBERG LIMITS

Liquid limit (cone penotrometer) and plastic limit

[MOROTO DISTRICT Lab Team
15/Dec/2023
18/Dec/2023

EXPANSIVE SOILS
0.5m
TIC LIMIT Test No. 13 44 Average
of wet soil + container 4168 40.08 40.87
of dry soil + container 3775 36.25 37
of container 2246 21.23 21.845
of moisture 393 38 387
ss of dry soil 15.29 15.02 15.155
content % ‘257 254 255
\WVERAGE
QUID LIMIT TestNo 4
initial reading (mm) 0 o| o o
inal gauge reading (mm| 154 17.6) 21 248
(mm) 15.4 17.6) 21.0 248
\VERAGE 154 176 21.0 248
iner No. MB BC_ | Pis_ | PH_|
s of wet soil + container (g) 42.07 51.40 46.96) 48.46)
ss of dry soil + container 30.34] 36.14 32.89 32.20
of container 6.97 7.05 7.09 6.93
of moisture 1173 15.26 14.07
s of dry soil 23.37] 29.09 258 2527
Moisture content (%) 50.2 52.5) 54.5 564
AVERAGE 502 525 545 56.4
56 Liquid Limit Determination
Lo Liquid timit (%) 536
23 L L0 N A R 50 G R A Plastic limit (%) 255
IEERRBERRERERR 1 AREENIREES Plasticity Index (%) [ 281
£
R nERIARRERRE] CEEEEEE RN Uinear shrinkage
§ 19 .
.
E y | Trough No 2
]
17 ? 1 Trough length (cm) 140
. PLCAN Specimen length (cm) 120
15 — o RIS SO A
50 61~ 62 \ 83 54 55 56 57  |Lshringage = 20
2 \\I\Iololuu Content % % L shrinkage = 143
DENTS
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INSTITUTION STUDENTS NAMES TESTING LAB
b MWINE AMBROSE ($20B321010) & ATEMO ENEKU JOAN ( Stirlin
i SR $208321313) g
— 3
—— I INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Test Reterence No [oeptn 0.5m Date Sampled Date Tested Technician
- EXPANSIVE SOIL MODIFIED WITH 10% SAND  |15/Dec/23 siFebi2a Lab team
SOURCE MOROTO DISTRICT
F—— EXPANSIVE SOILS Natural moisture (%) ; 110
TEST DATA
Weight of rammer (Kg) [No. of blows per layer Nooflayers  [Height of drop (mm) ~[Diameter of mouid(mm) |Volume of mould (cm’)
a5 27 5 457 100 1,000
MOISTURE CONTENT DATA
== 1 2 3 4 5
" No A A i A A A
Addes em® 120 220 320 420 520
o s0il + mould m 4,985 5,13 5231 5,189 5,089
of Mouid om 3215 3218 3218 3215 3215
of Compacted soil om 1770 1921 2016 1974 1874
of mouig om? 1,000 1,000 1,000 1,000 1,000
of soil glem® 1770 1.921 2018 1.974 i3 1874
DATA FOR PROCTOR CURVE
Contane No KAU cmp NMT v KT
of wet soil + Container _am 24330 21440 19890 21110 21080
of 5y 50i + container am 22680 19820 18280 19190 1.977.0
Mass of contamer gm 8010 - 7630 7670 7840 799.0
1ass of water added om 165 " 162 161 192 21
Mass of ory soi o 1467 1219 < 1081 135 178
JMorsture content % 12 133 152 169 188
JOry densay glem’ 1591 1.696 1.750 1.688 1578
Maxmum dry densty (gmicm’) 1750 Optimum moisture content (%) 150 -
| %50
|
| —- e -
| =
| ps
1 170
=
{ i & A
i
| £ 1650
) %
£ i S B N
1600
o
550
' 1o 17e 130 uo 150 160 e 50 190
Remarks:
it L
b Technician Lo _—ﬁ‘—
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Students Names

UNIVERSITY

s S ben o

UGANDA CHRISTIAN

S210032/)

MWINE AMBROSE (S20032010) & ATEMO ENEKU JOAN (

13}

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS 1377 Purt 4)

[Depth. " 0.5m

Test sample reference Sampling Date . 15/ect2y
bmix EXPANSIVE SOIL MODIFED WITH 10% SAND [Casting date iy
ource MOROTO DISTRICT Testing Date 10/Fchi2A
I ample Description EXPANSIVE SOILS Lechniciun L —

Volume of Mould used (m’) 2305
Natural moisture of air dried xample Volume of water added

TinNo ACH Mass of air dricd soil () Zz
Tin + aur dricd soil sample (g) 2908 MDD (Mg/m’) 1.750
1in + aven dry soil sample () 2730 NMC (%) 92
Tin (g) 787 OMC (%) 139
[Dry soil sample 1943 Added OMC (%) 47
Water (g) 178 Caleulated dry wt of soil () 54503
INM C (%) 92 Water added (g) 260
Average (%) 92 . Water added (ml.) 260
Number of blows 62

Number of layer

Water Content Determis Before After Soaking

Tare No 2 - kM .

[Masss of wet sample + ‘Tare g | 2020 - 2353 -

[Mass of dry sample + Tarc v 1541 - 2 -

Mass of Tare v 805 - 79 -

ass of water n 179 - 22 -

Mass of dry sample po| 1036 [EIT

(Waler content % 17.3 - 184 .

verage water Content Y 17.3. 154

\Density determination )

Mould No NN 1

Mass of mould 4 soil v 11460 1515

Mass of mould v 6646 6616

Mass of soil v 814 869

Volume of the mould omd 2305 2305

(Moist density yemd 2089 2112
ry denity e} 1.741 1,784

Swell Determination

Date IHous 1) Gauge Reding

llmu-l reading 96 by 2004
il reading 2119
feight of the specimen oy

fcight of el I

Sw elling(%) 091
Observations e \
For Studenty
Y
) )
| ST
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Instituti Students Names Testing Lab
mﬁ"‘“‘" MWINE AMBROSE (S20832/010) & ATEMO ENEKU JOAN Stirl
it S20m31Y) tirling

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
[Test sample reference . ll‘kflh 0.5m Sampling Date 15/Mec/23
bix EXPANSIVE SOIL MODIFIED WITIH 10% SAND Penctration Date 10Feb24
Kource MOROTO DISTRICT Technician Lab team
Kample Doserption EXPANSIVE SOILS
Number of blows per layer 62
urmber of layers 5 5
PMould No - NN o
“apaciny of the Proving Ring (KN) s0 0 .
{"roving Ring Constant (KN'div.) 02052 02082
fisreed mm min Top Bottom
IPenctration of Time | Reading | Force | Reading Force
khe plunger (mm) ) | *10'mm KN) | *10'mm (KN)
B B ) 0 00 0o 00
. 025 2 | 1 | o2 2 ! oA
. 0s u 2 | o4 2 | o4
» 078 s | 3 06 3| 06
1 4 s 1.0 s 10
LS n.| 10 7 14
2 9 6 12 8 16
25 ns 8 16 9 18
3 w [ o9 18 1 23
38 s | 10 21 122
4 189 10 21 13 27
48 pit) n 23 " 29
s 236 n 23 " 29
s 260 12 2 15 3l
. pLl) 172 28 15 3l
68 307 " ‘21 16 33
7 o (L) 27 33 I—
7.5 384 " 29 n\‘ 13
[Obsery ations 4
Vor the Contraglor o~ A Yor Students
5 v o )
7 \ P>
k ' Ay
b Technician \ —
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‘Testing Lah

Institution Students Names
UNMJ :N:arcvumnm MWINE AMBROSE (S20832010) & ATEMO ENEKU JOAN (

S20832313)

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

102

Test sample reference |nqwh. 05m Sampling Date 15/Dec23
b EXPANSIVE SOIL MODIFIED WITH 10% SAND | Testing Date 10/Feb24
ISource MOROTO DISTRICT Technician 1ab team
Kample Descnption I XPANSIVE SOILS
PENETRATION vs FORCE CURVE
e
oo HHH L]
et H ] i i |
o 4 i | i L |
e H HHHHAHH HH
z
3
s s 1 L] i
£
&
‘s | L
L
e 1 H
LT H
~ . 1
20 HH a
10 »
=11 q
nnlﬁ os 10 15 20 25 30 38 a0 s so 55 60 s 10 s n
Penetration (mm)
62 blows —
Force CBR
Bowom | Top | Bowom | Top
2.5 mm Penctration 1 ¥ 16 14 12
5.0 mm Penctration 29 23 £ 1
Average 24 19 142 419
Retained CBR 143715\
” 3 it o
Disrvados CBR=\_ 14.2
For Studenty
NP
e | dd
Lab. Technician /{ N - \
\ .
i .



