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ABSTRACT

Expansive soils are known for their unpredictable expansion and contraction, low
permeability, poor load transfer mechanism, high volume changes with variation in
moisture content and high compressibility which renders them unsuitable for
construction unless stabilized. Owing to the effect of environmental and physical
factors to the efficient performance of the traditional methods of cement and lime such
as pH, temperature and presence of sulphates, the research carried out aimed at
investigating the physical process of adding an inert material (river sand) to expandible
soils to stabilize them, a locally available material within the scope of study. The soil
sample was blended with varying proportions of river sand (0%,10%, 20% and 30%). From
the tests carried out on the neat soils, the soils were categorized as inorganic clays
with high levels of plasticity with reference to the USCS. Incorporating river sand into
the expansive soil, significant improvements in strength, reduction in plasticity index
as well as swelling potential were seen. The application of 20% river sand increased the
CBR of the neat soils from 8% to 29.1% and the plasticity index from 31.2% to 22.5%
which satisfies the MOWT subgrade (G15 material) specifications requirements. Thus,
the mix proportion of 20% river sand and 80% neat soils was considered as the optimum

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

Expansive soils are characterized by unpredictable expansion and contraction, low
permeability, poor load transfer mechanism, high changes in volume owing to the
variation in moisture content, and high compressibility (Amadi, 2018). The substantial
amount of montmorillonite clay mineral available in expansive soil attributes to the
high swelling and shrinkage properties (Etim, 2017). Expansive soils world over exhibit
serious geotechnical and structural engineering challenges (Jones, 2017). This is seen
by the various damage to buildings, roads and other structures built on expansive soils
(AIRO61; Anand J. Puppala & Araviand Pedarla, 2017). The damage by expansive
subgrade in pavement structures is estimated to be in billions of dollars, which is
remarkably more than damages caused by floods (Lopez-Laza, 2017) . In addition, the
annual average maintenance cost of structures built on expansive soils is estimated to

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

Owing to the increase in population coupled with the reduction of available land, a
number of civil engineering structures are being established on weak or soft soils (Kavish
S. M., 2014) especially in area that are susceptible to expansive soils. These soils can
also, be found in semi-arid or arid soils where with even relatively low expansiveness,
are known to inflict considerable harm (Lee D. & lan J., 2012). For instance, in Uganda,
the semi-arid Karamoja sub region in the North East is known to have most of its land
cover occupied by expansive soils (A. A. Kibuka & S. Jjuuko, 2023), as seen in figure 1

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

Though the replacement of problematic soils by suitable soil and compacting among the
most recommended techniques for enhancing soil, the costs involved in this method are
extremely high especially where the problematic soils are seen to occupy vast stretch
of land. Thus, researchers are prompted to look-up for alternative methods such as soil
stabilization with different additives which has proven to be effective. This research
therefore intends to investigate the effectiveness of using river sand as a soil stabilizer

2



for expansive soils. The research involved laboratory testing to evaluate the engineering
qualities of expansive soils when blended together with river sand. The research is
intended to contribute to the development of sustainable solutions for expansive soil

stabilization in Uganda.
1.2 Problem statement

The swelling and shrinkage of subgrade layer composed of expansive soils results into
pavement failure inform of the differential settlements and cracking (Narasimha R.,
2020). Roads established on expansive subgrade soils have failed to fulfill their intended
functions of accessibity and mobility, owing to their poor condition resulting from the
pavement failure, to which the nature of the soil contributes to some extent

(Ikeagwuani C. O., 2019).

From the site visits carried out during the period between July-August, 2023, the section
between Nadunget and Moroto town of the Soroti- Moroto road was seen to have
experienced failure in the pavement evidenced by the cracks, extensive depressions
and upheavals in the bituminous surfacing as shown in fig 1; below. From preliminary
tests conducted on soil samples from different locations along the failed section at
chainages of Km 0+900, Km 1+100, Km 4+400 and Km 7+000 while using the AASHTO
standards, the Plastic Index values ranged from 23-30 which indicates a greater
potential for soil to undergo significant volume changes as a result of variations in
moisture content. The liquid limit ranged from 46-56 which implies that the soils pose
greater moisture sensitivity. The proportion of particles passing the sieve No. 200

ranged from



70-85% which shows that most of the soil’s particle sizes are fines, and the California
Bearing Ratio value ranged from 1-2 at the 95 % compaction which means that the soil
has poor load-bearing capacity, which is a characteristic of expansive soils. This
research therefore intends to investigate the effect of blending river sand with of

expansive soils for their stabilization.

Figure 2: pavement failure of one or the road sections of the Soroti Moroto road taken

during one of the site visits

1.3 Objectives

1.3.1 Main objective

To investigate the use of river sand in the stabilization of expansive soils.
1.3.2 Specific objectives

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

1.4 Research questions

1. What are the engineering characteristics of expansive soils?



2. What are the engineering qualities of river sand?

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

Areas such as North eastern Uganda were most of soil cover is expansive (Nagasha, 2019;
Egeru A., 2015), face the challenge of replacement of the problematic soils by suitable
soil to obtain stable subgrade layer onto which the other pavement layers are to be
constructed. This is due to the high costs incurred in transportation of material from
the borrow pit coupled with the long stretches for which the soil is to replaced (Melling
H.C., 2017). In order to save these costs for transportation of material for the other
pavement layers, engineers result to stabilization or modification of the existing
problematic soils. Owing to the presence of rivers such as Depeth, Okere, Kitorosi,
Moroto, Kangole and Acolcol and other streams (Swidiq M., 2014) in the Karamoja sub-
region, are known to have a lot of river sand deposit especially during the dry spells
when they dry up and all that remains of the once water rich channels is sand (A. A.
Kibuka & S. Jjuuko, 2023; Water Journalists Africa, 2020), this can also be seen in fig.3
below, which shows a number of 7 major rivers which include; River Depeth, River
Okere, River Kitorosi, River Okot, River Moroto, River Kangole and River Acolcol which

flow within the Karamoja region.
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This locally available material when employed to stabilize the expanding soils address

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

The primary basis for the stabilization of soils is its composition (Afrain, 2017) since the
behavior of sands and clays exhibit different properties, sandy granular particles
contribute to strength and hardness of the soil. However, since they lack of
cohesiveness and binding qualities between their grains, they are susceptible to
erosion. On the other hand, clay soils possess adequate properties for binding grains
together but lacks the shear strength especially when fully soaked. Thus, though
moisture is problematic with clay soils, it avails cohesion to the sandy particles. A
composite material with improved engineering qualities is typically formed when the
two different types of soil are blended together in appropriate proportions (Archibong

G. A., 2020).
1.6 Project scope
1.6.1 Geographical scope

The study’s carried out within the geographical scope of Moroto-Nadunget section which
lies along the Soroti-Moroto road, in North Eastern Uganda. The river sand was collected
from River Kangole.

1.6.2 Content scope

The study centered on investigating expansive soil stabilization by blending it with river
sand, with Moroto-Nadunget road section as the case study. The soil samples were
extracted and transported in air tight bags to the Sterling material Laboratory in

Mukono from where the tests will be conducted.



1.6.3 Time scope

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

to April, 2024.



CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

This chapter discusses the theories that inform the basis of this research. It gives a
general overview of what expansive soils are and their properties, subgrade and

different techniques and methods of soil stabilization.
2.2 Soil

Soils are the unconsolidated layers that cover the Earth’s surface and consist of particles
with different sizes and shapes having minor bonds between them. Thus, soil forms a
structure that can easily undergo deformation when subjected to forces (Harold M. Vans
Es, 2017). Soil, as oppose to other materials used in construction is very sensitive to
changes in moisture content. Thus, a number of the road failures are usually influenced
by its behavior (Kisunge J., 2012). Most stabilization is undertaken for fine soils which
include; silty, clayey and organic soils (Afrain, 2017). Stabilization of fine-grained soils
or granular materials are the easiest since they have a substantial surface area relative
to their particle dimension. In comparison to other fine soils, clay soils possess a wide
surface area as a result of their elongated, particle shape (J. David Rogers, 2019). Silty
soils are sensitive to minute changes in moisture thus are challenging to stabilize. Peat
soils and organic soils are known to have a rich water content, high organic content and

porosity (Nadhirah M.Z., 2018).
2.3 Expansive soils

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

variation in moisture content. Due to the significant amount of swelling clay minerals



found in these soils, as the amount of moisture in them increases, they expand greatly
and as they lose moisture, they shrink extensively leaving large void in the soil

(Dharmendra B., 2022).

Expansive soils are usually experienced in the semi-arid and arid regions of the world.
This is attributed to the low rainfall experienced in these areas. This inhibits the active
montmorillonite clay mineral which is responsible for the high swell-shrinkage
potential, from degrading into the clay kinds with minimal activity such as kaolinite and

illite (Lee D Jones, 2012).

The swelling and shrinkage cycles experienced by expansive soils as a result of moisture
variations pose significant recurrent stresses on the road structure bringing about early
pavement failure. The soils tend to become exhausted and lose their potential to
withstand structural loads and also pose elevated compressibility levels (John D., 2016).
Thus, the engineering properties of these soils require improvement. A number of soil
improvements such as soil replacement and chemical stabilization are carried out.
However, for larger spans of areas covered with expansive soils, soil replacement is
greatly expensive to achieve. In addition, some of the methods do not put into account
the aspect of environmental compatibility (Ali, 2016). Thus, the use of river sand which

is locally available and environmentally friendly.
2.3.1 Pavement and expansive soils

Reducing the stress levels transmitted to the subgrade to permissible levels within
which the soils wouldn’t sustain significant deformation is one of the key functions of
the pavement. Pavements pose a greater level of vulnerability to expansive soil damage

in comparison to other engineering structures built on expansive soils. This is due to

10



their relatively lightweight and cover a comparatively vast area (Lee D Jones, 2012).
Severe unevenness along significant lengths, longitudinal and lateral cracking resulting
from substantial localized destructions are some of the major forms of deterioration

caused to pavements built on soils characterized by expansiveness.
2.3.2 Mineralogical aspect of expansive soils

The swell-shrinkage behavior exhibited by expanding soils is caused by the presence of
clay mineral, montmorillonite. The arrangement of the clay crystal sheets and the
molecular structure gives them a strong attraction to retain water molecules within the
crystalline layers. Water molecules possess an electrical dipole structure which bring
about a chemical-electric pull of its molecules to the very tiny clay sheets through the
process of adsorption. Compared to other clay minerals, montmorillonite has the ability
to absorb significantly more water molecules between its clay sheets (Guru P.P., 2023).

Therefore, it has a high swell-shrink potential.
2.2 Subgrade

Subgrade also referred to as the formation level is the native /insitu material
underneath a pavement. For pavement structures, it’s the subgrade that constitutes
the foundation material, thus the characteristics possessed by the subgrade influence
the performance of the pavement. The properties of the subgrade are key in the design
of the pavement, thus weak subgrade material require higher thickness to protect it
from pavement load which in turn increases the construction costs incurred in the
pavement construction. The subgrade properties and drainage are key influences to

pavement deformation.

11



The subgrade strength is normally examined by the California Bearing Ratio (CBR) test.
The CBR value obtained is attributed to the type of soil, moisture content and density.
The strength and durability of the subgrade poses a great impact when it comes to the
design and performance of the pavement (Muhammed Tanyildizi, 2023). In road
construction, the greatest percentage of the pavement layers constitute of the soil or
gravelley material. To achieve the required strength, the soils used in the pavement
construction should meet the required specification (Afrain, 2017). Table 1 below
summaries the minimum properties required for a soil to qualify as a subgrade material

in pavement design.

Table 1: Specifications of subgrade material

Properties standard
Soaked CBR after 4 days 15% minimum
Material class G15 minimum
Plasticity index 6% max

Source; MoWT General Specifications, 2005
2.3 Soil stabilization

The process of changing one or more characteristics to improve a soil’s performance
and engineering qualities is referred to as soil stabilization. The soil shear strength can
be increased through stabilization which controls its shrinkage-swell properties and in
turn improves on its bearing capacity. Soil stabilization also lowers the soil’s
permeability and compressibility which in turn increases the soil’s shear strength hence

minimizing the settling of structures built on them (Afrain, 2017). Stabilization is not a

12



guarantee for that every soil property within the soil can be improved. However, the
choice on which properties of the soil to improve influences the decision on the
stabilization technological usage. The key soil qualities of concern to engineers include;
strength, permeability, stable volume, compressibility and durability (Ali A. F., 2017)
2.3.1 Basic Principals of stabilizing soil

A number of stabilization methods are influenced by distinct variables and factors.
However, it’s generally acknowledged that before any soil stabilization method is used,
certain criteria should be considered (Archibong G. A., 2020) which include;

I.  Evaluating the soil’s properties; this is the initial step for stabilization of any soil
and it gives an overview of the engineering properties possessed by the soil which
in turn guides on the selection of the appropriate stabilization method to be
employed.

IIl. Deciding the best affordable, efficient and appropriate stabilizing technique
which will supplement or improve the properties identified.

[ll.  The soil mix design.
IV.  Taking into account the building process by effectively compacting the layers

that are stabilized.
2.3.2 Soil stabilization classification
Basing on which additives are to be incorporated, soil stabilization is grouped into two
groups;
I.  Stabilization of the native soils without incorporating any additives

[I.  Stabilization of the native soils with the incorporation of additives

13



2.3.2.1 Types of additives

These include additives such as; cementing, modifiers, water retarding, water
retaining, and water proofing agents. Each of the additives behave differently hence

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

Generally, cementing agents such as Portland cement, lime, lime-pozzolana and sodium
silicates have been extensively employed to enhance existing gravel roads as well as
stabilizing natural soils for road subgrade. However, one of the major downsides of
using materials with cementing qualities in stabilizing soil is its cost, which in turn
usually leads to the addition of small amounts of substance to the soil (Archibong G. A.,
2020). As a result, the soil is merely modified rather than undergoing actual cementing

mechanism.

14



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

Stabilization Additives

Mechanical Mone

Cementing Agents « Cement
¢ Lime

* Lime-pozzolana

¢« Sodium silicate

Modifiers * Cement
* Lime
« Bitumen
Water proofing agents +« Bitumen

« Membranes

Water retarding agents ¢ (Organic cationic compounds

Water retaining agents ¢« Calcium chloride

« Sodium chloride

Miscellaneous chemicals « Resins

¢« (Calcium acrylate

2.3 Soil stabilization methods
2.3.3.1 Lime stabilization

Lime has been utilized for centuries due to its ability to enhance the soil’s ideal water
content, shrinkage limit and strength limit and strength while lowering its swelling

potential liquid limit, plasticity index and maximum dry density (Pei X., 2015) thus

15



enhances the subgrade soils to be compacted and worked. As sufficient amounts water
and lime are added to the soil, its pH rises allowing the particles of the clay to
dissociate. With the release of the silica and alumina, the calcium in the lime reacts
with particles of clay forming calcium-silicate-hydrates and calcium-aluminate-
hydrates. These compounds formed possess cementing properties comparable to those
present in Portland cement. Consequently, the soil changes into a hard impermeable
layer that can support more weight. However, the rate at which the stabilization
process occurs is dependent on the type clay present in the soil. Thus, a mellowing
period of about 4 days is allowed to obtain a uniform and friable soil mix. Lime
stabilization enhances engineering properties of soil such as strength, permanent
deformation, and reduction in swelling. These improvements are usually noticed in

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

The commonly employed chemical stabilization techniques is the use of cement forming
a soil-cement material. Cement stabilization involves the mixing of pulverized Portland
cement with soil together with water and the mixture then compacted to create a
robust material with enhanced strength, durability and low moisture fluctuations
(Anggraini V., 2014). Hydration takes place when cement and water are combined
forming compound of calcium silicate hydrate and calcium aluminate hydrate with the
release of excess calcium hydroxide (Khan TA, 2015). With the exception of soils with
a Pl value greater than 30 and those having an organic content higher than 2%, cement

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

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

As compared to lime, cement hydrates more quickly than lime does, resulting in an
instantaneous increase in strength. Therefore, when utilizing cement stabilization,
there is no requirement for a mellowing time, the stabilized mix is compacted after 2
hours of initial mixing. Over time, the material’s strength improves (Ali A. F., 2017). In
addition, facts such as high temperature, low humidity and delayed compaction often

result in insufficient strength increase (Ismail A, 2014).
2.3.3.3 Stabilization using fly ash

During the combustion of coal, fly ash is generated as a by-product of the process (Bose
B., 2012). Fly ash is an aluminous, pozzolan-siliceous material. Fly ash constitutes of
two classes; class F fly ash and class C fly ash. Class F fly ash doesn’t self-cement, it
requires an activator of either lime or cement, which is why it’s not often used. (Firoozi
AA T. M., 2015). Using class C fly ash and lime, a criterion was created to determine
the structural layer coefficient for the flexible pavement’s base layer (Rupnow TD,
2015), results indicated that the base layer lowered when the two additives were
added, when combined with lime, fly ash can be used to stabilize most coas- and
medium-grained soils with a Pl of no more than 25.

Impacts of chemical stabilization on the environment

Currently the world is experiencing a major challenge of global warming, and carbon
dioxide is contributing greatly to the phenomenon (Du Y, 2015). During cement
manufacturing large amounts of carbon dioxide is emitted which contributes to about
10% of total carbon dioxide emission (Gao T, 2015). In addition, during lime
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stabilization, calcium carbonate is calcinated during the process of producing material
that contain calcium (Ibetehaj T. J., 2014), which happens at high temperatures and

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

The stabilization of soil using cement near aquatic areas may rise the pH of water,
which will probably affect plant development and change the species composition
(Archibong G. A., 2020). Furthermore, using it during stabilization may cause a localized
rise in dust particles impacting the well-being of those using it. Fresh cement may also
contain traces of hexavalent chromium, which is an allergen to certain individuals which
impacts their well-being. Proper attention should be given to the implications of the
stabilization decision on the environment, taking into account both the short- and long-

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

In order to create a composite material that meets the necessary soil qualities and has
superior properties to any of its constituents, mechanical stabilization is achieved by
combining soils of two or more gradation. The method combines the engineering
properties of each of the blended materials to the soil mixture. With regard to
mechanical stabilization, these soils can broadly be divided into two groups (Arora K.

R., 2012);

I. Aggregates; strong, well graded and angular sand and gravel particles
characterize these soils. These give the soil a skeletal structure that addresses

its internal friction and incompressibility.
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II.  Binders; they are soils composed mainly of clays and silts and are distinguished
by an average grain size of less than 75 microns. They avail cohesion, plasticity

and imperviousness to the soil.

The soils when thoroughly mixed, obtain an improved gradation of the blended soil
having properties of both materials in one mix (Arora K. R., 2012). Through compaction,
the void ratio of the mixture is reduced. In some cases, it’s been noted that certain
soils display “show-skip grading”. This implies that the particle size distribution curve
will display a horizontal section within the particle size rage showing absence of
particles in that specific size range. In this case, adding the missing size particle range
results in the application of mechanical stabilization. Cohesionless soils will be
combined with cohesive soils for improved gradation and compaction (Archibong G. A.,

2020).
Factors affecting mechanical stabilization

I.  Aggregate strength; the stability of mixed soil increases with the increase in
strength of aggregates.
[I.  Mineral composition; the stability of the blended mix is largely dependent on the
mineral composition of the soil mix.
lll.  Gradation of the mixture; increasing mechanical stability of the soil mix requires
proper gradation of the soil mix. This is achieved by finer binder particles being

well encapsulated in the coarser grain pore spaces.

Fuller’s law can be used to guide the design of soil mixes and it stipulates that the
granular soil mass achieves a very high density after compaction if the distribution

of particle size is as follows;
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V.

percentage of particle passing any sieve = 100 X /D/D
max

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

Although according to (Arora K. R., 2012), ideally the mixture should contain roughly
25% binder, but it’s crucial to have more particles pass the 75-micron sieve than
what Fuler’s calculations suggest.
Plasticity characteristics of the soil mixt; the plasticity of the soil mixture should
meet the requirements for the intended use. For intense according to MoWT,

general specifications, 2005.

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

soil Maximum plasticity index BS 1377:
Part 2
G7 30
G15 25
G30 16
G45 14
G60 10
G80 8

V.

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

determines the soil’s mechanical stability.
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One of the easiest ways to stabilize soil is through mechanical means. Usually, subgrade
qualities are improved with it. The environmental impact of this technology is negligible

(Archibong G. A., 2020).
2.3.4 Engineering properties of river sand

Sand is an extensively utilized building material worldwide. River sand in particular is
a common source of sand used for construction works. According estimates by the
industry, river sand contributes to more than 60% of the overall sand used in
construction world over (Dinh, 2022). River sand is a naturally occurring material often
found at the bottom of river channels that is widely used in the field of engineering for
its unique physical properties which include;

i.  Particle size distribution: it consists of a varying range of particle sizes, ranging
from fine sand to coarse sand. The grain size distribution of river sand is
important since to a large extent it influences its strength and durability.
(Bosboom J., 2021; Jayakody S., 2020).

ii.  Bulk density: this property influences the weight and volume of the material it
is added to. The river sand’s bulk density basically ranges from 1.4 to 1.6 g/cm?
(Bosboom J., 2021).

iii.  Absolute density: this is expressed as unit volume of sand and serves as a measure
of its compactness. River sand’s absolute density varies from 2,4 to 2.7 g/cm?

(Bosboom J., 2021).

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

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

(Muhindo W. M. A., 2023).
2.3.4.1 Formation process of river sand

The naturally occurring sequence of geological events results in the production of river
sand. Rocks weathering is the initial stage in the process, which involves the breaking
down of rocks into smaller particles by factors such as wind, water and temperature
variations. This is followed by transportation of these particles by river or stream.
Water serves as an essential component in the transportation, bringing together the
particles and smoothening them out. Sand and other silt are deposited along the river
bed when river’s flow slows down. Sand particles are sorted by size and density in these
lower energy regions. Lower layers get compacted over time by the weight of the
uppermost sediment layers, which build up over time (Bello-Palacios & Almenningen,
2021). This compaction, coupled with potential cementation by minerals like silica or
calcium carbonate, binds the sand grains together. With pressure and compaction, loose
sand sediment transforms into sandstone through lithification. Over time, exposed
sandstones undergo erosion, releasing sand particles back into the sediment cycle and
continuing the geological journey of river sand. (Yang & Shi, 2019).

2.3.5 Role of river sand in soil stabilization

Sand exhibits high load bearing capacity under confined conditions and can be added
to cohesive soils in differing amounts as an additive which brings about alteration in
the plasticity properties, strength and compaction of the soil mix (Khemissa M., 2015).
Kallaros and Athanasapoulou (Kallaros G. & Athanasapoulou A., 2016), findings showed

a considerable increase in the soil’s strength with the addition of sand up to 60% of the
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soil’s weight and a discernible change in the Atterberg limits with a 42% reduction in
linear shrinkage. As a result, the mix was suggested for use as a subgrade when building

flexible pavements on country roads with minimal traffic.

River sand is frequently used in soil stabilization methods because of its excellent
drainage properties, high compaction ability, and compatibility with various soil types.
When mixed with expansive soils, river sand improves the soil's engineering properties,
mitigating issues related to swelling and shrinkage (Kallaros G. & Athanasapoulou A.,

2016).
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CHAPTER THREE: METHODOLOGY
3.1 Introduction

This chapter accounts for the methods that were used to acquire the materials, the
sampling and the laboratory tests that were performed to obtain the objectives of the
research project. The findings to aid explain the research concept were obtained with
reference to the standard tests and procedures that were executed during the study

and are further explained below.
3.2 Material acquisition and preparation
3.2.1 Expansive soils

The disturbed samples of expansive soils were obtained using hoes and shovels along
the Moroto Nadunget road section at a depth of 1-1.5m at varying locations dung the
field survey. The expansive soils were obtained by open excavation to a depth of 0-1m
below the ground level. The soil sample was then collected and packed in air tight bags
and labels attached indicating the sampling date, soil description and sampling depth.
This was then transported to the laboratory for testing.

3.2.2 River sand

About 60 kg of river sand was obtained from River Kangole using shovels which is located
at coordinates 2°18’54’’N and 34°36’49’’E in Moroto. The sand was placed in sampling
bags and moved to the material’s laboratory at Stirling where it was air dried and then

tested for various engineering properties.
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3.3 Sample preparation
3.3.1 Soil sample

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

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

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

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

methodology, a number of tests were carried out, which include;
3.4.1 Tests on expansive soils

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

1377: part 2:1990

The test was carried out to assess the relative portions of different size particles in the
soil material. From this, it was determined that the soil consisted of predominantly fine
particle sizes and thus the engineering qualities of the soil are likely to be influenced
by these particles. The method of wet sieving was preferably used since most soils are
cohesive and it’s a more accurate means of grading the soil as oppose to dry sieving.
3.4.1.2 Liquid limit test using cone penetration method with reference to BS. 1377
part 2:1990

The soil transitions from a liquid to a plastic condition at a moisture concentration
known as the liquid limit. The moisture content that corresponded to the 20mm cone
penetration was determined as the liquid limit. The test results were used in the

identify and classify the fine-grained cohesive soils.
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Figure 6:sample preparation for the Atterberg limit test

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

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

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

is calculate as the difference between the liquid limit, W, and the plastic limit, W.
=W, — W

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

used to categorize expansive soils.

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

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

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

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

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

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

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

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

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

The test was conducted with the aim of obtaining the correlation between the
compacted density and soil moisture content. The test provides a guide for
specifications on field compaction. A soil’s achievable dry density is determined by the
moisture content and the level of compaction that is applied. For that king of
compaction, the moisture content that corresponds with the maximum dry density is
the optimum moisture content.

3.4.1.6 California bearing ration, using the one-point method with reference to BS.
1377 part4:1990

The test is used to ascertain the strength of the soil especially when designing for
pavement material of natural gravel. The strength of materials of natural gravel is
exhibited in terms of their CBR value. The CBR value was determined as the resistance

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

The river sand used during the study was tested to check for the various engineering
properties to ensure that it adheres with the required specifications and standards for
its intended use. For the research study, the tests carried out included; bulk specific

gravity, grain size analysis, water absorption and silt content.
3.4.2.1 Specific gravity test with reference to ASTM C 128-97

The test was conducted as a measure of the material’s quality, aggregates with a low
specific gravity are often characterized as weaker than those with high specific gravity.
It informs of the sand’s potential to support structural loads and its porosity. The
substantial specific gravity of sand is about 2.65. For road construction the specific
gravity of fine aggregates normally used ranges from 2.5-3.0 with an average of about
2.68.

3.4.2.2 Grain seize analysis as per ASTM C 128

The grading of sand was classified considering the percentage of sand that passed
through the different sieve sizes; sand with a uniform particle size distribution is
classified as well graded, whereas sand that contains a wide range of particle sizes is
classified as poorly grade. The test was conducted with the aim of determining the
particle size distribution of the sand since it reflects on the sand’s particle size and

shape. These parameters are responsible for its strength, stability and porosity.

29



Figure 8: grain size analysis test for the river sand

3.4.2.3 Water absorption with reference to ASTM C 128-97

The test was conducted to deduce the measure of strength of the sand. The test
provides an overview of strength of aggregated. Aggregates with higher water
absorption are more porous and thus regarded as unsuitable. With reference to BS. 812-

2, the maximum permissible water absorption value is 3%.
3.4.2.4 Silt content with reference to ASTM C 40

The test was carried out to determine the amount of silt particles present in the sand.
Silts refer to fine -grained particles that are smaller than sand particles but lager than
clay particles. They are known to have an effect on the strength of sand and can result
into poor compaction, reduced shear strength and increased settlement. The ASTM
standard D2419-14 limits the silt content of sand used for construction purpose to a
maximum of 10%. However, for river sand, the permissible silt content is less than 8%,
more than this reduces the bonding capacity of raw materials affecting the durability

of the work.
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3.4.3 Stabilized mix

For the stabilized mix, the same tests as those performed on the neat soils were carried
out but this time varying the proportions of soil and sand. This was conducted to
ascertain the impact of sand on the plasticity index, compaction and strength properties
of the soil and from which determined the optimum mix proportion of the two materials

that would give the engineering properties required for subgrade material.
3.4.3.1 Sample preparation

The neat soils to be treated were spread and broken down to the required loose
thickness as specified in the section 3700 of the MoWT General Specifications, 2005.
The river sand was then spread over the prepared soil at required rate and the two
materials were dry mixed by means of ploughs until uniformly mixed. The mix material
was then partitioned and tested for various properties.

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

1377: part 2:1990

The test was carried out to determine the particle size distribution of the varying
blended mixes of the soil and river sand. However, particular emphasis was on the
particles retained on the sieve No. 200 as this determines the fine fraction of the
composition.

3.4.3.3 Liquid limit test using cone penetration method with reference to BS. 1377
part 2:1990

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

blended mixes.
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3.4.3.4 Plastic limit with reference to BS. 1377: part 2:1990
The plastic limit was determined for varying blended mixes. Results obtained from the
test were used in conjunction with the liquid limit results to calculate for the plasticity
index of each of the blended mix. The plasticity index, I, is the difference between the
liquid limit, W, and the plastic limit, Wp.

Ip =W, — W,
3.4.3.5 Linear shrinkage test with reference to BS. 1377: part 2 1990

To quantify the extent of shrinkage likely to be exhibited by the varying blended mixes,
the linear shrinkage test was conducted. The length and diameter of the dry samples

were measured using a venire caliper.
3.4.3.6 Compaction test (proctor) with reference to BS. 1377: part 4:1990

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

varying blended mixes, the proctor test was conducted.

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

1377 part4:1990

The CBR test was performed to evaluate the strength of the varying blended mixes.
Since the stabilization method used in the research study is entirely mechanical
stabilization, the strength of the stabilized mix is best determined using the CBR test
with reference to series 3700, (MoWT, 2005). This is because the material being added
to the neat soil is inert and is thus not expected to have any form of chemical reaction
with the soil and thus no curing is required for the soil to achieve maximum strength.

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

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

investigation are covered in this chapter.
4.2 Engineering properties of the expansive soils.

4.2.1 Particle size distribution

99.27 100.0000.000.00

100.00 98,01 "= - =

p—

O
——
Ne)
O

\

90.00

N

/
80.00 —

% passing sieves

70.00

60.00

0.01 0.10 1.00 10.00 100.00
sieve aperture (mm)

Figure 9: particle size distribution of the neat soil
The curve above represents the full range particle sizes in the fraction of the soils used
for research, from the smallest soil particle size to the largest. From the graph, it’s
seen than the fine fraction; percentage passing the 75um sieve size is 71.44% and the
coarse fraction; the percentage retained on the 75um is 28.56%. This implies that the

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

2022).

4.2.3 Liquid limit
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Figure 10: liquid limit graph
The graph plotted represents the correlation between the moisture content and the
cone penetration. The liquid limit of the soil sample is 62% which is the moisture
content correlating to a cone penetration of 20mm. with reference to the Unified Soil
Classification System (USCS), the soil was considered to have a high plasticity since its

liquid limit is greater than 50%.
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4.2.4 Plastic limit and plasticity index
The moisture content at which the soil transitions from plastic to semi-solid was
determined to be 31.0%. Having both the liquid limit and plastic limit parameters of

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

PI = WL _WP
Pl = 62-31
Pl =31%

4.2.5 Linear shrinkage

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

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

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

and the plasticity chart.

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

Prefix (Main terms) Suffix (Qualifying term)

Coarse grained having less than 5% passing a

75um sieve
G = Gravel (more than half the

Coarse grained soils (more than
half retained on a 75um sieve)

coarse fraction in gravel range)

S = Sand (less than half the
coarse fraction in gravel range) |

e W = well graded (C,=>4 (for gravel) or =6
(for sand); 1< C, <3)

e P = Poorly graded (not meeting all grading
requirements for suffix W)

Coarse grained having more than 12% passing a
' 75um sieve

e C = With clay (PI above the A line and
PI=T7)
e M= With Silt (PI above the A line or PI< 4)

Fine grained (Less than half
retained on a 75um sieve)

C = Inorganic Clay (PI above
the A line and PI=7)

M = Silt & O = Organic Clay
(PI above the A line and PI<4)

L = Low plasticity (LL < 50%)

H = High plasticity (LL = 50%)

Highly organic soils

Pt = Peat
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Figure 11: plasticity chart (Zzigwa M., 2022)

When the plasticity index, 31% and the liquid limit 62% of the soil were located on the
plasticity chart, the point was seen to lie above the A-line. This confirms that the soil

is a CH soil; inorganic clay with high plasticity.
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4.2.7 Proctor test
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Figure 12: Graph of the proctor test
The relationship between the soil’s dry density and moisture content is displayed on
the graph above. The MDD, 1.625 g/cm3 was determined as the dry density that
corresponded to the peak of the curve. The OMC, 21.4% was determined as the moisture
content correlating with to the maximum dry density.

4.2.8 California Bearing Ratio (CBR)

The compacted CBR mould achieved a dry density of 1.688g/cm? which is approximately
equal to the maximum dry density, 1.652g/cm? determined from the proctor test which

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

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

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

equation;
CBR (%) =P x 100
¥ 7132
CBR (%) =P x 100
=7 7200

at a penetration of 2.5mm

at a penetration of 5.0m

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

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

Specifications, 2005.
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4.3 Engineering properties of the river sand

4.3.1 Grading test
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Figure 14: grading curve of the river sand
The graph represents the relationship between the percentage passing against the sieve
size. From the graph it’s seen that grading curve of the river sand denoted in red colour
lies within the grading envelop. This implies that the river sand is well graded and hence

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

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

Engineering Test value Permissible standard units
property value

Water 1.6 3max ASTM C 128-97 | %

absorption

Silt content 3.0 8max ASTM C 40 %

Bulk  specific | 2.5 2.4-3.0 ASTM C 128-97 | Dimensionless
gravity

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

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

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

expansive soils.

4.4 Engineering properties of the river sand stabilized soil

4.4.1 Particle size distribution

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

CONTENT (%)

PERCENTAGE OF RIVER SAND

SIEVE) (%)

FINE FRACTION (PERCENTAGE PASSING 75pm

0 71.45
10 58.35
20 41.45
30 32
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With the addition of sand, the grading curves of the blended mixes improved. This was
observed in the decrease percentage of through the 75um sieve size, since the finer
clay particles were substituted by the coarse particles of the river sand. Usually, the
size and arrangement of the soil’s particles will tend to influence its properties. Soils
that are characterized by larger size particles are attributed to be stronger as a result
of the higher interparticle friction. On the other hand, soils with finer particles are
usually more sensitive to water content. For soils comprising of a differing range of
particle sizes, the gaps that exist between the larger particles are partially filled by
the smaller particles creating a dense material when compacted. This results into a
material with high strength and good engineering properties. Soil is said to be well
graded if it constitutes of a wide particle distribution with no significant size gap

(Andrew Lees, 2022).
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4.4.2 Atterberg limits

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

The liquid limit values of the soil sample with varying percentages of river sand; 0%,
10%, 20% and 30% were 62.2%,53.6%, 41%, and 31.4% respectively. This trend shows a
considerable lowering in the liquid limit of the neat soils with increase in the portion
of the river sand. This is attributed increasing reduction in the soil’s fine fraction with
the increase of coarse fraction by the addition of the river sand. Indicating that the fine
particles were gradually replaced by the coarse particles of the river sand thus
improvement in the soil’s gradation. With reduced percentage of fine particles, the
sensitivity of the soil to moisture is also reduced thus a decrease in the water retention

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

42



4.4.2.2 Plastic limit
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Figure 16: A graph of plastic limit against river sand percentage
The plastic limit reduced considerably: 31 % with 0% river sand, 25.6% with 10% river
sand, 18.5% with 20% river sand and 15.4% with 30% river sand. The trend indicates a
decrease in the plastic limit with increase in the river sand fraction. This trend is due
to the reduced fines in the material with the addition of the coarse river sand thus

reduction in the plastic nature of the soil (Fondjo & Theron, 2021).
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4.4.2.3 Plasticity index
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Figure 17: A graph of the plasticity index against the river sand content

The PI of the neat soil is observed to reduce greatly with the addition of the river sand
content. This is due to the grading of the soil which improves from fine-grained to fine
and coarse-grained, and with the decrease in the fine particles, the moisture retention
ability of the soil also reduces substantially. This indicates a substantial decrease in the
plasticity property of the soil with the increasing content of the river sand (Salima A.,

2022).
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4.4.2.4 Linear shrinkage
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Figure 18: A graph of linear shrinkage against river sand percentage
The linear shrinkage of the soil also reduces substantially with the increase in the river
sand fraction. This is attributed to the gradual enhancement in the soil texture with
the addition of the river sand (Dongdong L., 2021; Kallaros G. & Athanasapoulou A.,
2016). The fine particles of the soil which attribute to the high plasticity property of

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

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

4.4.5.1 Maximum Dry Density
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Figure 19: A graph of MDD against river sand percentage
As the percentage of the river sand increases, the MDD increases consistently with
increase in the river sand fraction. The variation in the MDD is due to the improved
grading of the blended mixes with the addition of the river sand. Well graded soils
exhibit higher MDD than poorly graded soils. As the river sand content increases, the
dry density also increases which intern enhances the compaction properties exhibited

by the material thus an increase in the MDD (lyad A., 2021; Tugume B., 2019).
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4.4.5.2 Optimum Moisture Content
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Figure 20: A graph of OMC against river sand content

The graph shows the impact of increasing river sand fraction on OMC of the neat soils.
There is a remarkable decrease in the OMC as the percentage of sand was increased.
The variation in the OMC is due to the variation in the soil’s plasticity properties with
the addition of the content of the river sand. Finer soils exhibit higher OMC (A. A. Kibuka
& S. Jjuuko, 2023) with the increase in the content of river sand, there is a considerable
decrease in the fine fraction hence a decrease in the soil’s plasticity properties thus
decrease in the OMC. Decrease in soil’s plasticity properties results into reduced ability

of the soil to retain water (lyad A., 2021).
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4.4.6 The California Bearing Ratio (CBR)
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Figure 21: A graph of the CBR value with increasing river sand content

The graph reveals a gentle rise in the CBR value with the increase in the fraction of the
river sand. The increase in the CBR value from 8% to 14.2% to 29.1 % to 33.8 % with the
addition of 0%, 10%, 20%, and 30% of river sand respectively is attributed to the
rearrangement of the soil particles within the material from fine-grained soil to an
increasingly granular nature. The river sand provides the skeletal framework which in
turn provides internal friction and incompressibility to the soil mix while the soil
provides the much-needed cohesion, plasticity and imperviousness resulting into an
interlocked structure between the soil particles (Arora K. R., 2012). The material’s

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

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

4.4.7 CBR swell
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Figure 22: A graph of CBR swell against river sand percentage
There was a progressive reduction in the CBR swell percentages of the soil samples
with increasing percentage of river sand ranging from Oto 30%. The swelling
percentages were reduced as follows; 1.4%, 0.9%, 0.7% and 0.6% for the river sand
portions of 0%, 10%, 20% and 30% respectively. This is attributed to the reduction of
the plasticity of the soil indicating a reduction decrease in water retention ability of
the soil. This depicts an improvement in the swell potential of the material when

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

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

river sand mix was decided on based on;

The plasticity index and CBR value with reference to the MoWT General
specifications. The mix proportion of 20% river sand and 80% expansive soil was
considered as the optimum mix and economical for use. The Pl value for the mix
proportion was 22.5% which is below the required maximum of 25% and the CBR
value of 29.1 which is above the required minimum CBR value for G15 subgrade
material.

The CBR swell was 0.7% which is below the maximum CBR swell value of 1.5%.
The percentage passing the 75um sieve size was 41.45% which is below 50% which
classifies the stabilized mix as not being highly plastic with reference to USCS.

Table 7: summery of the expansive soil-river sand mix proportion

Percentage of materials by

Test results

mass
Atterberg limits
Expansive soil CBR
(7;3 River Sand (%) LL(%) PL(%) Pl (%) LS(%) MDD (gm/cm?) JOMC(%) CBR (%)  [Swell
’ (%)
100 0 62.2 31.0 3.2 [18.0 1,625 21.4 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 1.0 1.815 14.5 29.1 0.7
70 30 31.4 15.4 16.1 8.2 1.889 13.9 33.8 0.6
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CHARPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

The expansive soils were classified as fine grained since the fine fraction was
determined as 71.44% which is greater than 50% with reference to USCS. The liquid limit
was determined as 62% which indicates that the soil has high plasticity and the plastic
limit was 31% giving plasticity index of 31%. With reference to the USCS the soils were
classified as CH; inorganic clay with high plasticity which confirms that the soils are
expansive. The MDD was determined as 1.625g/cm?3 and OMC was determined as 21.4%,
with a CBR of 8% for the soil compacted at a dry density of 1.688 g/cm3. The CBR swell
was determined as 1.4%. Therefore, there is a need to stabilize the soils so as to achieve

the required specifications for subgrade soils.

The grading curve of the river sand was observed to lie within the grading envelop
indicating that the river sand is well graded. The water absorption, 1.6 %< 3, the silt
content 3.0% < 8% and the bulk specific gravity, 2.5 lies within the permissible range of
2.4-3.0, this indicates that the river sand used in the research study possessed good

qualities for the stabilization of the expansive soil.

With the addition of differing percentages of sand to the neat soils, a substantial
improvement in the soil’s strength, reduction in the plasticity and swell potential were
observed. There was a general decrease in the Atterberg limits with increasing
percentage of sand: the LL reduced by 21.2%, the plastic limit decreased by 12.5%, the
plasticity index reduced by 8.7% and linear shrinkage reduced by 7% with the addition
of 20% river sand whereas the MDD increased by 0.19g/cm and OMC decrease by 6.9%.

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

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

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

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

Conducting additional research to explore the long-term effects of river sand
stabilization on expansive subgrade soils because investigating the durability and
sustainability of this technique over an extended period could provide valuable insights
for future infrastructure projects.

Performing a comprehensive cost-benefit analysis to evaluate the economic feasibility
of using river sand for soil stabilization. This should include an assessment of initial
costs, maintenance expenses, and potential savings over the project’s lifecycle.
Testing the erosion and weathering resistance of river sand-stabilized soils, especially
in regions prone to extreme weather conditions. This can provide valuable insights into

the durability and longevity of the stabilization technique.

52



References

A. A. Kibuka & S. Jjuuko. (2023). Improvement of the properties of black cotton soil
subgrade through lime kiln dust and sand stabilisation. Smart Geotechnics for
Smart Society.

Afrain, H. (2017). A Review on Different Types Soil Stabilization Techniques,.
International Journal of Transportation, Engineering and Technology, Vol. 3.
No.2, PP 19-24.

Ali A. F., G. 0. (2017). Fundamentals of soil stabilisation. International Journal of Geo-
Engineering.

Amadi, A. (2018). Effects of curing time on strength development in black cotton soil -
Quary fines composite stabilised with cement kiln dult (CKD). Saud Univ. Eng.
Sci. 30, 305-312.

Anand J. Puppala & Araviand Pedarla. (2017). Innovative ground improvements
techniques for expansive soils,. Innov. Infrastruct. Solut.,, 2, 24.

Andrew Lees. (2022). What is particle size distributionin soils. Tensar.

Anggraini V., H. B. (2014). Effect of coir fibre and lime on geotechnical properties of
marine clay soil. 7th International Congress on environmental geotechnics: (p.
1430). Australia: iceg2014, engineers.

Archibong G. A.; S. E. (2020). A Review of the Principles and Methods of Soil
Stabilisation. International Journal of Advanced Academic Research | Science,
Technology and Engineering, Vol. 6, Issue 3.

Arora K. R. (2012). Soil Mechanics & Foundation Engineering. Delih: Standard Publisher

distributors.

53



Babu V.R., N. K. (2016). Stabilisation of black cotton soil with sand and cement as
subgrade pavement. Int. J Civil Eng Technol 7(2), pp 341-351.

Bello-Palacios, A., & Almenningen, S. (2021). Experimental and numerical analysis of
the effects of clay content on CH4 hydrate formation in sand. Energy & Fuels.

Bosboom J., &. S. (2021). Grain size, Density and Bulk properties.

Bose B. (2012). Geo engineering properties of expansive soil stabilisation with fly ash.
. Electron J Geotech Eng 17, 1339-1353.

Dharmendra B., &. S. (2022). Stabilisation of expansive soils using chemical additives:
A review. Journal of Rock Mechanics and Geotechnical engineering , 1319-1342.

Dinh, H. L. (2022). A sustainable soulution to excessive river sand mining by utilising
By-products in concrete manufacturing . Cleaner Materials, 6.

Dongdong L., &. S. (2021). The influence of sand content and particle size on the
desiccation cracks of compacted expansive soil.

Du Y, Y. Q. (2015). Life cycle oriented low-carbon operation model of machinery
manufacturing industry. J. Clean Prod 91, pp 145-157.

Egeru A., W. O. (2015). Drivers of forage availabity; an integration of remote sensing
and traditional ecological knowledge in karamoja sub-region, Uganda,.

Etim, R. (2017). 2017. Transportation geotechnics, 10,, 85-95.

European Commission. (n.d). EUROPEAN SOIL DATA CENTRE . National soil maps.

Firoozi AA, T. M. (2014). Analysis of the load bearing capacity of two and three-layered
soil. Electron J Geotech Eng , pp 4683-4692.

Firoozi AA, T. M. (2015). the influence of freeze-thaw cycles on unconfined compressive

strength of clay soils treated with lime. J Teknol 76(1), pp 733-746.

54



Fondjo, A., & Theron, E. (2021). Stabilization of expansive soils using mechanical and
chemical methods: a comprehensive review. In Civ Eng Archit.

Gao T, S. L. (2015). Analysis on differences of carbon dioxide emission from cement
production and their major determinants. J Clean Prod 103, pp 1789-1797.

Guru P.P., A. B. (2023). Response of high swelling montmorillonite clays with aqueous
polymer. J minerals 13(7), pp 933.

Habiba Afrin. (2017). A Review on Different Types Soil Stabilization Techniques,.
Journal of Transportation, Engineering and Technology,, Vol.3. No.2, PP19-24.

Habiba Afrin. (2017). A Review on Different Types Soil Stabilization Techniques,.
International Journal of Transportation, Engineering and Technology,, Vol.3.
No. 2, PP 19-24.

Harold M. Vans Es. (2017). A new definition of soil. CSA.

Ibetehaj T. J., M. R. (2014). Soil Stabilisation using lime: Advantages, Disadvantages
and Proposing a Potential Alternative. Research Journal of applied Sciences,
Engineering & Technology.

Ikeagwuani C. O. (2019). Stabilisation of black cotton soil subgrade usingsaw dust ash
and lime. Soils and Foundations. 59(1), 162-175.

Ismail A, e. a. (2014). Laboratory investigation on the strength characteristics of
cement-treated base. Applied mechanics and materials, vol 507, pp 353-360.

lyad A., A. A. (2021). Effect of sand percentage on compaction properties and
undrained shear strength of low plasticity clay.

J. David Rogers, R. O. (2019). Some Engineering Aspects of expansive soils.

55



Jayakody S. (2020). Characterisation of the properties of Manufactured sand and
natural river sand .

John D., N. D. (2016). Expansive Soils Problems and Practice in Foundation and
Pavement Engineering.

Jones, L. D. (2017). Expansive soils.

Kallaros G. & Athanasapoulou A. (2016). Sand As a Soil Stabilizer,. Geological Society
of Greece, 770-777.

Kavish S. M. (2014). Analysis of Engineering properties of black cotton soil and
stabilisation using lime. International Journal of Engineering, Research and
Applications, 25-32.

Khan TA, T. M. (2015). Strength tests of enzyme-treated illite and black soil mixtures.
Proceedings of the institution of civil engineers-engineering sustainability (pp.
pp 214-222). Westminister: Thomas Telford Ltd,.

Khemissa M., M. A. (2015). Problematic soil mechanics in the Algerian and semi-arid
regions; case of M'sila expansive clays. J. Appl. Eng. Sci. Technol., 1 (2), 37-41.

Kisunge J. (2012). Road Construction Materials; Basic Knowledge and Test Procedures.

Lee D Jones, I. J. (2012). Expansive soils. ICE publishing.

Lee D. & lan J. (2012). Expansive soils.

Lopez-Laza, T. H.-Z.-R.-G.-A. (2017). Expansion reduction of clayey soils through
surcharge applications and lime treatment. CSE stud.Constr. Master., 102-109.

Melling H.C., T. K. (2017). Designing a paved road using Geogrids to reduce the
thickness of the Pavement layers.

MoWT. (2005). General Specifications,.

56



Muhammed Tanyildizi, V. E. (2023). Utilisation of waste materials in the stabilisation
of expansive pavement subgrade.

Muhindo W. M. A., e. a. (2023). River sand characterisation for its use in concrete.
Journal of Civil Engineering, pp 353-366.

Nadhirah M.Z., &. Z. (2018). Peat soil stabilisation using lime and cement.

Nagasha, J. G. (2019). Stabilisation of expansive soils using electric ARC furnace slag
for subgrade construction,.

Narasimha R., &. B. (2020). stabilisation of black cotton soil by using fly ash and rice
husk ash,.

Nayebare, S. &. (2014). ResearchGate. .A review of potable water accessibility and
sustainability issues in developing countries - Case study of Uganda. Reviews on
environmental health.

Pei X., Z. F. (2015). Physicochemical and index properties of loess stabilized with lime
and fly ash piles . Appl Clay Sci 114, pp 77-84.

Ronoh V, T. J. (2014). Cement effects on the physical properties of expansive clay soil
and the compressive strength of compresssed interlocking clay blocks. Eur Int J
Sci Technol 3(8), pp 74-82.

Rupnow TD, F. B. (2015). Class C fly ash stabilisation of recycled asphalt pavement and
soil. 2015 world of coal ash (WOCA) conference (pp. pp 1-19). Nashville,: TN.

Salima A., A. B. (2022). Plasticity prediction of expansive soil treated with sand by
artificial neural network.

Soltani, A., & Taheri, A. (2017). Swelling potential of a stabilized expansive soil: a

comparative experimental study. In Geotechnical and Geological Engineering.

57



Swidig M., K. S. (2014). Status of livestock water sources in Karamoja sub-region,
Uganda. Resources and environment, pp 58-66.

Tugume B., O. 1. (2019). Performance of Lateritic soils stabilised with both crushed rock
aggregates and Carbon blackas a pavement base layer.

Water Journalists Africa. (2020, September 25). Water hidden in sand.

Yang, Y., & Shi, P. (2019). Converging effects of shrubs on shadow dune formation and
sand trapping. Journal of Geophysical Research.

Zzigwa M. (2022). Soil Mechanics. Presentation slides, Chapter 2.

58



INSTITUTION ‘ STUDENTS TESTING LAB
4 .

UGANDA CHRISTIAN |

UNIVERSITY | MWINE AMBROSE (S20B32/010) & ATEMO ENEKU

A Comaen ol Laiction o the Phoses of Abas

JOAN ( S20832/313)

h 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:

APPENDICES

MOROTO DISTRICT |Depth 0.5m
CBR
GRADING ATTERBERG LIMITS B8R
‘LOCATION BLENDED % f - S
SAMPLING ,
gl 6 | s | 0 | | 2 |oaxs e.SL M | w | o om MDD = OMC 62
| ' |
100 | 100 | 00 | 99 | 97 93 74 | 036 | 621 | 308 | 313 214 8 140
" || ! | -
| | |
100 | 100 | 100 | 100 | 9 9 | 6 | 043 | 622 | 312 | 310
Bosnce | 100 _ 100 | 100 _8.5 98.01| 91.2 _:.: 039 | 62.2 ua.oTrn 1625 214 8.0 140 r-o;
12/15/2023 | { _ M | [
_, , 4 u
“
622 u_.~_ 312| 180 _ 1.625 ” 214 80 — 140

Laboratory tests on the engineering properties of the expansive soils

STUDENTS
=

Appendix A

59



INSTITUTION STUDENTS NAMES TESTING LAB
ugmggﬁmsnm MWINE AMBROSE (S20B32/010) & I Stirlin i
E{m“____'_ww“,,_, ATEMO ENEKU JOAN ( S20B32/313) g
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ARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90

Location : MOROTO DISTRICT Lab. Refernece No.:

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

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

o Date Sampled: Date Tested: Technician
menel MOROTO DISTRICT
description: 15/Dec/2023 17/Dec/2023 Lab team
. " Passing (¢ Gradi it

Sieve Size (mm) | Weight Retained (g) st Assiing (n) PRiInG EAIS {080 5 9]
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 5 15
Total fines 3570.5 74.3
Bottom Pan 5.1
Extracted fines 3565.4
Total sample 4806.4
Grading Modulus 0.36
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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
. & Date Sampled: Date Tested: Technician
sl MOROTO DISTRICT
description: 15/Dec/2023 17/Dec/2023 Lab team
i 9 Passing (% Gradi imi

Sieve Size (mm) | Weight Retained (g) |  Ret2ined (%) atsing %) i
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
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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 | NEAT SAMPLE Sample Date 15/Deci2023
Test method BS 1377 Part 2, 19904 3/4 4 Test Date 18/Dec/2023
LAYER EXPANSIVE SOILS
[Depth 0.5m
PLASTIC LIMIT Test No PL ._so Avirage
[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 2278
Mass of moisture ( 149 13 1.395
IMass of dry soil ( 465 44 4525
Moisture content % 320 29.5 308
AVERAGE
LIQUID LiMIT Test No 4
Initial gauge reading (mm) 0 0 9 0
Final gauge reading (mm) 157] 18.5] 21.9] 249
netration (mm) 157 18.5] 21.9 249
WVERAGE 157 185 219 249
Container No. BE PI6s PI8 MB
IMass of wel soil + container 43 53] 4031 49.10 47.65
IMass of dry soil + container (@ 3012 27.68 32.73; 31.47]
[Mass of container ( 705 7.06 7.10 6.99.
[Mass of moisture (g) 1341 1263 16.37 16.18
[Mass of dry soil (g) 2307, 2062 25.63] 2448
Moisture content (%) 58.1 61.3 63.9 66.1
AVERAGE 581 61.3 63.9 66.1
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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
Imix | NEAT SAMPLE Sample Date 15/Dec/2023
Test method Iss 1377 Part 2, 19904 3/4 4 Test Date 18/Dec/2023
LAYER EXPANSIVE SOILS
th 0.5m
PLASTIC LIMIT Test No. KK PL Average
[Mass of wet soil + container (Q) 3284 3407 33455
IMass of dry soil + container (g) 30.35 31.34 30 845
Mass of container Q) 2232 2264 2248
Mass of moisture (g) 249 27 281
[Mass of dry soil (g) 8.03 8.7 3385
{[Maisture content % 31.0 314 312
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ILIQUID LIMIT Test No .- 1 4
Initial gauge reading (mm) 0 0| 0 )
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penetration (mm) 15.5 18.7 218 248
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IContainer No. A PI33 P9 PL
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IMass of dry soil + container (g) 35.97 29.71 31.92 27.22]
[Mass of container () 7.02 7.00 6.95 6.90
[Mass of moisture (g) 16.82 13.91 15.95/ 1344
Mass of dry soil (g) 28.95 2271 24.97) 2032
[Moisture content (%) 58.1 61.3 63.9 86.1
AVERAGE 58.1 61.3 83.9 8.1
- Liquid Limit Determination
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PROJECT: * |
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Test Reference No I
i e 0.5m Date Sampled Date Tested Technician
SOURC it ks 15Dec2d 17/Dec23 Labteam
| € MOROTO DISTRICT
[Matenal description: - —I
. EXPANSIVE SOILS ral moisture (%) 10
TEST DATA
Weight of rammer (Kg) No of blows per layer Nooflayers [Height of drop (mm) [Diameter of mould(mm) [Volume of mouid (cm’)
45 27 5 457 100 1,000
MOISTURE CONTENT DATA
Test No
1 3 2 3 4
TnNo A A A A A
[Water Added em’ 120 220 320 420 520
Mass of Compacted soil + mould 5888 6.045 6.256 6.140 6,008
gm 4282 4282 4282 4282 4282
gm 1604 1764 1974 1858 1724
Volume of mould cm’ 1.000 1.000 1,000 1,000 1,000
[Wet density of soil g/em’ 1604 1764 1974 1858 1724
DATA FOR PROCTOR CURVE
Container No 80J ucy CR7 26T Yoy
Mass of wet soil + Contaner am 26800 28630 24440 27400 26730
!Mass of c; soil ¢ container gm 24140 25450 21410 23610 22890
Mass of container gm 8000 807 0 7700 8080 8190
Mass of water added i 266 318 303 379 384
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/ t Names Testing Lab

= UGANDA CHRISTIAN
‘ UNIVERSITY MWINE AMBROSE (520832/010) & ATEMO E| m
K Comen o Dniwiman o b o o A S20832/313)
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
T'est sample reference : I”'-'l‘"‘~ 0.5m Sampling Date : 15/Dec/23
mix: . NEAT SAMPLE Casting date : v
Source MOROTO DISTRICT Testing Date : an/24
Sample Description: EXPANSIVE SOILS’ Lechnicin __1 b teom
Volume of Mould used (m”) 2305
Natural moisture of nir dried sample Volume of water added
I'in No. NMT Mass of air dried soil (g) 6000
Tin + air dricd soil sample (g) 2364 MDD (Mg/m’) 1625
T'in + oven dry soil sample (g) 2287 NM.C (%) 51
Tin () 776 OMC (%) 21.4
Dry soil sample 1511 Added OMC (%) 16.3
(Water () 77 Calculated dry wt of soil (g) 5694 2
IN.M.C (%) 5.1 Water added (g) 231
Average (%) 5.1 Water added (ml.) 931
Number of blows ’ 62 I
Number of layer 5
|[Water Content D inati Before Soaking | After Soaking
Tare No Bo) | - [cr7 - | S| P i i
Mass of wet sample + Tare 3 ZOSJ: - 2490, - ! . . N
Mass of dry sample + Tare 3 1863 - 2200, - i o R YR
Mass of Tare g 800, - 70, - 1t 1 1 ]
Mass of water 3 I90j - 29, - | '
Mass of dry sample g | 1063 - 1430, - L e ‘
Water content % 179 - 203, - i = e s
[Average water Content % 17.9 20.3 |
\Density determination
Mould No 21 . —— J[ 1
Mass of mould + soil g l20§! 12178 i R . I
Mass of mould g 7490 7490 . N |
Mass of soil g 4578 4688 -
Volume of the mould cm3 2305 2305
[Moist density g/em3 1.986 2.034
Dry density wem3 1.685 1,691 e B
Swell Determination
Date Ilour D.Gauge Reding
Initial reading 96 hrs 7.85
Final reading 9.63
Teight of the specimen SN 127
[ eight of swell AT 1.78
Swellifig(%) | 140
Observations % ,~~"/ . .‘"-
o) For Students
P
Lab, Techniciay / 2 X ’m i
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Institution

Students Names

UGANDA CHRISTIAN
UNIVERSITY

e i e Ay

MWINE AMBROSE

Testing Lab

(520832/010) & ATEMO ENEKU JOAN (

$20B32/313)

Stirling

Test sample reference

INVESTIGATING THE USE 6!“ RIVI

ERSAND IN THE STABI LISATION OF EXPANSIVE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Depth. — 0.5m Sampling Date 15/Mec/23
s NEAT SAMPLE Penetration Date Tan24
ISource MOROTO DISTRICT Technician : Lab team
[Sample Description EXPANSIVE SOILS
[Number of blows per layer 62
[Number of layers 5 5 s
Mould No 2
“‘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) ) | *10%mm | kN) | *10'mm | (kN)
0 0 0 0.0 0 00 = - ol
028 n” 0 00 1| 02 | — .
|
05 24 1 02 1| 02 ) 1. TN ) =
|
0.75 3s 1 02 2 | o4 | RGPS, W) | ‘SR S e
1 4 LI 2 04 . . M|
L5 7 2. | log 306 S AR S | T TS| E
2 9 2 04 4 | o8 | R i
N N |
2.5 ns | 2 84 | 5 10 =l = Sl B0 | TN S CA )
3 2 3. L o6 | 3 LS | { o I | (N (! 1 -
35 Wl 3 jows | & Jaxl | | N | B
4 1w | 4 | o8 [ 7 | aaff | I .
45 it 4 S LI T | o = B
s 26 s oo | S—— o SOy nl
|
55 R 0 T 0 ) .
6 W | s | 10 — ~—
65 307 6 ! 12
[
7 EETI O & o ||| |
7.5 354 6 | 12 n o o2a
B o
|Observations AUL)
%\""
e b For Students

Lab. Technician
———

-
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&5 Tnstitution

Students Names

Testing Lab

UGANDA CHRISTIAN

‘ UNIVERSITY
e, S s

S§20832/313)

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

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

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

ITest sample reference . ID“P"’ 0.5m ling Date 15/Deci23
mix. NEAT SAMPLE Testing Date /Jan/24
[Source ) MOROTO DISTRICT fechnician L.ab team
[Sample Description EXPANSIVE SOILS
PENETRATION vs FORCE
50
40 = “ i 4 ae - a8
30 | - - H 1 H- +
=
g
o
g B
& ol
= 111 i | T ] ( T
»
.
1 1 il d
10 (- 4H I [ +HHH - L L HE
11 H1 1111
.—“—— L] I
—"— L
P eangit
A
nnnﬂ 0s 10 15 20 25 30 3s 40 4s 50 55 80 65 70 75 80
Penetration (mm)
62 blows
Force CBR
Bottom | Top | Bottom | Top
2.5mm P 1.0 04 8 3
5.0 mm Penctration 1.6 1.0 8 5
Average 1.3 0.7 80\ 4.1
Retained CBR abons \
|Observations

—— CBRS, 80

P

For the Lab_-7.. "/,

For Students

.ab. Technician
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Appendix B: Laboratory tests on the river sand used

~

INSTIPRION STUDENTS I
it e Amlowu:o‘n(s?ua”n‘g, Stirling ]
SAMPLE

PSCRETION. {SAND Sampling Date; |16-Jan-24

SAMPLE SOURCE: |MOROTO

Testing Date: | 17-Jan-24

TEST D_ETERMINATION OF SILT CONTET
TEST METHOD ASTM C40 =
S.no Description Sample 1 ) -
1 Volume of sample Sand (V2) 56.2 v
2 Volume of silt layer + Sand 58 P
sample(V1) L
3 Volume of silt layer (V3) 18 -
B Percentage of silt % 3.-13,;\

=
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INSTITUTION ~ STUDENTS TESTING LAB
i
UNIVERYITY MWINE AMBROSE (S20B32/010) & ATEMO ENEKU
Mmoo e e JOAN ( S20B32/313)

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

SPECIFIC GRAVITY & WATER ABSORPTION FINE AGGREGATES

(AASHTO ; T84-—00)
ASTM DESIGNATION ; C126—87

SOURCE: MOROTO

OPERATOR - 2
SAMPLE No SAMPLING DATE Bumd
JSAMPLE DESCRIPTION: Natural sand TESTING DATE: 17-Jan-24
TEST NO A A%
AL 528 - 48
wi of oven dry ple in ar _fgm) f,’,
[B] wt. of pycnometer filled with water (gm) i “
[C] wt_of pycnometer with specimen and water {am) 22 f"'
[S] Wt of saturated surface dry sample (gm) 3 &
! : A
IBulk Specific Gravity on oven dry basis 853 2488
| s
Bulk Gra saturated surfa basis 2526
Speciic Gravity on satur. surface ary 3 (BS.C) 5
A :
0 Gra 2
Apparent Specific Graviy e 55 : ‘
Water Absorption(%)= J?ﬂ— T .

AVERAGE RESULTS

SPECIFIC GRAVITY
ULK SPECIFIC GRAVITY ON SATURATED SURFACE DRY BASIS

APPARENT SPECIFIC GRAVITY

WATER ABSORPTION
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UNIVERSITY MWINE AMBROSE (S20B32/010) & ATEMO Stirline ! " i
PR ENEKU JOAN ( $20832/313) tirling |
o INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOLS
TEST: GRADING FOR SAND
(BS 882 - 1992)
::nm: NATUKAL SAND OPERATORS: LAS TEAM
SOURCE: MOROTO TOTAL DRY WT. OF SaMpLE: 18595
TOTAL WT AFTER WASHING 45236 .
|SAMPLE No: SAMPLE A MOISTURE CONTENT: _ i
MATERIAL [NATURAL SAND WET OR DRY SIEVING: ‘wgfi ;
nucnrml DATE SAMPLED: 16-Jan-24 '
DATE TESTED: 17-Jan-24 oh
WEIGHT RETAINED PERCENTAGE RETAINED Table 4.
ue‘v:;lzz (om) o PASSING BS 882:1992 zfg
10.00 251 0.52
5 92.3 1.90
236 163.9 337
1.18 690.5 1421
0.600 12213 2513
0.300 14216 29.25
0.150 _689.7 14.19 0-15
PAN 219.2 —
TOTAL 45236 5
[ - Grang Curve = v
100 =

o 5 8 B & % B 3 =2 8
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mm'm“'w' |MWINE AMBROSE m
20832/010) & A‘I’m ¥
Mhﬁn-m m m m ” f
pROVECT: mmm“mmquﬂQﬁmﬂmme~m-
(BS 882 - 1992)
OPERATORS: __ LABTEAM
TOTAL DRY WT. OF SAMPLE: geels |
TOTAL WT AFTER WASHING 5384.7 :
MOISTURE CONTENT:
MATER NATURAL SAND WET OR DRY SIEVING: WET
DESCRIPTION:| DATE SAMPLED: 16-Jan-24
DATE TESTED: 17-Jan-24
MAXIMUM PERCENTAGE
SIZE WEIGHT RETAINED PERCENTAGE RETAINED PASSING BS 882:1992 Tabie 4. (%)
ey (om) (%) o
10.00 125 0.21 100 __100
5 1.7 . 0.47 99 89—100
236 286.7 4.89 94 80 - 100
118 9141 1558 7 30-100
| 0800 13348 2275 56 15— 100
SEELN00 | 1834.8 3127 2 5-70
| 0180 8141 1388 11 0-15
PAN 160.0
?om. 53847

N\
\3

* Panneg v

.a!ms!csaasa
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INSTITUTION —
T TN MWINE AMBROSE (S2(

PROJECT S XPANSIVE

TESTING DATE
SAND SAMPLE 1

TESTNO =

WEIGT OF SAND 4806

VOLUME OF CONTAINER 0.27

BULK DENSITY (g/cm’®) 1.780

 |AVERAGE BULK DENSITY(g/cm)
s
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Laboratory test results on the stabilized soil

Appendix C

INSTITUTION i STUDENTS

TESTING LAB

UGANDA CHRISTIAN |

UNIVERSITY ., MWINE AMBROSE (S20B32/010) & ATEMO ENEKU @ °
i e el | JOAN ( $20832/313) w#—.—:-m

PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
SUMMARY OF ALL TEST RESULTS
e ST S S
g GRADING . ATTERBERG LIMITS . mop R % o x
LOCATION  BLENDED % & : : 4 SWeLL
e"“.—mzn 63 375 _ 20 5 . 2 | 0425 0.075 | oM w PP s MDD omc 62 AVERAGE
1000 100.0 100.0 987 | 971 | 925 743 | 04 62.1 308 313 180 1625 24 3 14 14
NEAT , t — - gt ant -
1000 | 1000 | 100.0 998 | 989 | 899 686 04 622 312 310 180
|||||| i S i ot i W o Sl W ¥ et ) i
| - |
- - , —— e —t
1000 1000 | 1000 980 | 958 838 610 06 535 256 279 143 1750 15 u 09 7 o9
10%SAND |— T T + t - - — +
1000 1000 ' 100.0 976 | 952 819 557 | 07 | s36 255 | 281 143
e |'” b — p—— 4 — - S S —
0 W , |
t - 1
1000 1000 100.0 979 926 | 687 186 23 110 1815 145 23 07 | o7
20% SAND — + =t —_—
1000 1000 1000 954 912 | 684 183 27 1no
25 628 294 12 314 153 161 82 1889 133 3 0s 06
911 637 346 11 314 154 160 82
[FOR LAB

\Lab Techncian ___
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INSTITUTION STUDENTS TESTING LAB ,“

i - - S e ——— e e ]
UGANDA CHRISTIAN f
UNIVERSITY MWINE AMBROSE (S20832/010) & ATEMO ENEKU |
Ao toaee @ et e JOAN (S20832/313)

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 30% SAND

LOCTATION:

MOROTO DISTRICT Depth: 05m
GRADING ATTERBERG LIMITS MDD car e
LOCATION BLENDED % ; = SR e S
e o] o | s 2 o4 0075 GM | W m A | 15 wmMOD oOMC 62 AVERAGE
100 100 | 100 9 | 92 6 | 29 115 | 314 | 153 | 161 | 82 1889 133 338 0ss  ©ss
" ¢ B el Bt i i 2 SR |
EXPANSIVE 100 ' 100 | 100 @ 97 91 64 3 | 11| 314 154 160 | 82 - - -
SOIL T = T —— —
MODIFIED 100 | 100 | 100 Tq.ﬂiu»hu eu.ni 32 _ 113 | 314 | 153 _ 16.1 | 8.2 ﬁbnu 133 338 | 0.55 055
o WITH 30% , T , ” SR B 4
™ SAND
st E-m\nsu. | 11 i ] | L ) | i
|
e —— - — * SN, . 1
AVERAGE 63 “ 32 | 1130 u!_r GL 161 82 _:3;_ 13 38 TE * P&J_

Lab Technician

STUDENTS
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INSTITUTION STUDENTS NAMES TESTING LAB

UGANDA CHRISTIAN MWINE AMBROSE (S20B32/010) & . 1o
ot L ATEMO ENEKU JOAN ( $20B32/313) I Stirling
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS

ARTICLE SIZE DISTRIB!

ION (BS 1377 -2 -

Location : MOROTO DISTRICT Lab. Refernece No.:
EXPANSIVE SOIL MODIFIED WITH 30%
Location :(km) SAND Dry wt. of ple before washing: (g) 2786
Depth: (m) 0.5m Dry wt. of ple after washing: (g) 2028.1
X Date Sampled: Date Tested: Technician
Matenal MOROTO DISTRICT 4
description: 15/Dec/2023 5/Feb/2024 Lab team
Sieve Size (mm) | Weight Retained " Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
375 0.0 0.0 100 80 100
20.0 0.0 0.0 100 60 95
5.0 34.7 1.2 99 30 65
2.00 175.2 6.3 92 20 50
0.425 826.1 29.7 63 10 30
0.075 930.1 334 29 5 15
Total fines 819.9 294
Bottom Pan 62.0
Extracted fines 757.9
Total sample 2786.0
Grading Modulus 1.15

% Passing

i
|
=
|

2 ~ ’ N \ Diameter(mm)

1.00

10.00 100 00

STUDENTS

gl
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INSTITUTION STUDENTS NAMES TESTING LAB
et MWINE AMBROSE (S20B32/010) & Stirlin
e e o et M ATEMO ENEKU JOAN ( S20B32/313) 2
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
il .2.
Location MOROTO DISTRICT Lab Refermece No.:
EXPANSIVE SOIL MODIFIED WITH 30%
Location (km) SAND Dry wt_of sample before washing: (9) 3583.5
Depth (m) 05m Dry wt_of sample after washing: () 2386.5
Date Sampled Date Tested: Technician
M":;:’;;ﬂ MOROTO DISTRICT
15Dec2023 5/Feb/2024 Lab team
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0 100 100 100
s 00 100 0 100
20.0 00 100 0 95
80 2 7 0 65
2.00 [ B 57 1 0 50
0.425 B 273 54 0 30
0ors | 292 5 5 15
Total fines N | A ;
Bottom Pan |
Extracted fines 11670 |
Total sample 3583 & 1 -
|Grading M | 111

% Pasing
e 2

Dascterimm)

10000

Testing Lab

Lab Techncian

STUDENTS

A
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" INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN .
UNIVERSITY MWINE AMBROSE (S20832/010) & ATEMO S"rling
Ao d s & @0 o o e L4 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
Test method BS 1377 Part 2, 19904 3/4 4 Test Date 6/Feb/2024
LAYER EXPANSIVE SOILS
Depth: 0.5m
PLASTIC LIMIT Test No. " KL Average
Mass of wet soil + container (g) 39.12 36 04 37.58
Mass of dry soil + container (g) 36.95 3423 3559
[Mass of container (g) 22.84 22.27 22555
Mass of moisture (g) 217 18 199
[Mass of dry soil () 14.11 11.96 13 035
Moisture content % 154 15.1 153
IAVERAGE
LIQUID 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 (g) 43.28 49.10 49.23 48.90
[[Mass of ary soil + container 35.46 39.21 39.08 38.38
[IMass of container (g) 9.30 6.92 6.99 6.97
[[Mass of moisture (g) 7.82 9.89 10.15 1052
[[Mass of dry soil (g) -*26.16 32.29 32.09 31.41
[Moisture content (%) 29.9 30.6 31.6 33.5
AVERAGE 29.9 30.6 31.6 335
25 Liquid Limit Determination
Liquid limit (%) 314
23 Plastic limit (%) 153
e [T ) Plasticity Index (% 181
£ . o L VT ity Index (%)
2 Linear shrinkage
=
g [ F ¢ Foad
g
& Y4+ ——
é S D I N 0 7 <o 08 e M N 1Y A R ) I Trough No. !
LLAS [ S B 5 <G s e s s s o s S S Trough length (cm) 140
Specimen length (cm) 129
31 32 33 34 L.shringage = 12
Moisture Content % 3
% L.shrinkage = 82
STUDENTS
Lab Techpiéian .~
N\ * )
N e L
e _f'_’ 5 ,//
v
O
Q-
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-
INSTITUTION STUDENTS TESTING LAB
UGANDA CHR I l
UNIVERSITY e MWINE AMBROSE (520832/010) & ATEMO Sti rl i n g
& e e = 8 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 p ter) and plastic limit
SOURCE [MOROTO DISTRICT Technician. Lah Team
mix EXPANSIVE SOIL MODIFIED WITH 30% SAND Sample Date 15/Dec/2023
Test method BS 1377 Part2 19904 3/44 Test Date GIFeh/72024
LAYER EXPANSIVE SOILS
Depth 05m
PLASTIC LIMIT Test No PN Y4 Average
IMass of wet soil + contaner (g) 36.04 3548 3575
'Mass of dry soil + container (9) 3423 3356 33895
Mass of contaner (@) 2227 2123 2175
Mass of mosture () 181 19 1285
Mass of dry soi (@) 11.86 1233 12 145
Mossture content % *45.4 156 154
AVERAGE
LIQUID LIMIT Test No 1 3 4
Inbal gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 153 18.2 211 24 3
penetraton (mm) 153 18.2 211 243
AVERAGE 15.3 18.2 21.1 243
\Container No. Pl42 P1a11 AB FOO
Mazss of wet soil + container @ 41.59 51.48 438.91 52.92
Aass of dry soil + container (g) 33.66 41.06 38.78 4151
of container (9) 7.13 7.09 6.90 526
Mass of moisture (g) 7.93 10.42 10.13 1141
Mass of dry soil (9) 26.53 33.97 31.88 3485
isture content (%) 29.9 30.7 318 323
AVERAGE 299 30.7 318 32.3
3% Liquid Limit Determination
. N /.] Liquid limit (%) 314
23 +— Plastic limit (%) 154
E Plasticity Index (%) 160
21 - —_—
s Linear shrinkage
:
£ I &
5
& 01 1 | ; -
H
38 s L Trough No I
L T ] & W0 Trough length (cm) 140
Specimen length (cm) 129
\ 32 33 L shningage = 12
\ Moisture Content %
\ % L.shrinkage = 32
N
L ASTUDENTS
\
— "'»\
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"
INSTITUTION STUDENTS NAMES TESTING LAB
—
ey TN MWINE AMBROSE (520832/010) & ATEMO ENEKU JOAN ( Stirling
oo s & d s $20B832/313)
PROJECT: I INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Test Reference No |Depth 05m Date Sampled Date Tested Technician
Mix FEXPANSIVE SOl MODIFIED WITH 30% SAND  [15/Dec/23 5/Feb/24 Lab team
WSOURCE MOROTO DISTRICT
IMatenal description: EXPANSIVE SOILS [Natural moisture (%) 110
TEST DATA
Weight of rammer (Kg) No. of blows per layer Nooflayers  [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 5
Tin No A A A A A
\Water Added cm’ 140 240 340 440 540
Mass of Compacted soil + mould am_ 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
Volume 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
Container No. UPC FDC 26T BAK MJR
Mass of wet soil + Container gm 2,140.0 2,047.0 2,460.0 2,026 0 22630
Mass of dry soil + container gm 2,028.0 1,920.0 2,261.0 1,8600 20480
[Mass of container om 8080 . 806.0 810.0 805.0 7900
Mass of water added o 12 " 127 199 166 220
[Mass of dry soil m 1220 1114 1451 1055 1258
Moisture content * 9.2 1.4 137 157 175
Dry density glem® 1.691 1.824 1.887 1.803 1721
Maximum dry density (gm/cm’) 1.889 Optimum moisture content (%) 133
T T
= N o e e t — ~t—t—1 111 — —— — 1 t
i 1810 _—
! T
! =111 = e = 1t
i —4—t—t——t————— = L 1] 22 =% i -1 A I
| 1.860 @ = =
= - % 2 e o o o B Nyt . Py
| B o = 7 8 I 15 5| 5 = S 5
13 fi: 1 . - y Z = ] ! ) E) I i
| & 1810 F T
H = - o S Ve e M Bl B D I 411 11 P11 Lee el US| S50 Sl k= -} !
| N (0 S LA B & B I A A o
|z ~ 72 i B I 00 B - N 1 O
5 am = 2 ~ TE REE
iz 1.760 1
'8 = 7 PO R T . T NETET
5 3 S 0 18 I N Dl N I O g = - fL';
e | £ —— i W) \;_\T‘ +
| 1710 b
| v : it '
! % i B - !
| 1660 -
l 9.0 10.0 110 120 130 140 15.0 16.0 170 180
Moisture Content (%) -,
Remarks:
FOR TESTIN /) il STUDENT! P
7
Lab Techniciar, _ (& J
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Institution

Students Names

UGANDA CHRISTIAN
UNIVERSITY

R -

MWINE AMBROSE (S20002010) & ATEMO ENEKE JOAN(

S2000200

Testing Lab
Stirling

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

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Fest sample reference

miN

Nource

Il)rplh 0.5m

FXPANSIVE SOILMODIEIED WITHE 30% SAND

MOROTO DISTRIC

INample Description

FXPANSIVE SOILS

Sampling Date 15/Dec/23
107k ehs
Casting date Irae
Testing Iate 14/kehi24
I echnician |.2h team
Volume of Mould used (m’) 2305

Natural moisture of air dried sample Volume of water added
Tin No 2 Mass of air dried soil (g) “rn
11 + air dned soil sample () 2459 MDD (Mg/m’) 1229
Tin + oven dry sl sample (2) 2365 NMC (%) 60
lin () 800 OMC (%) 152
Dy soil sample 1565 4 Added OMC (%) 9.2
IWater @ 94 Calculated dry wt of sail (g) 56396
N MC (%) 60 Water added (g) 520
Average (%) 6.0 Water added (ml.) 520
INumber of blows 62
'\'umi"cr of Vla_\cf - 5
Water Content Determination Before Soaking [Afier Soaking
TaeNo ACB - ACB - § | N R -
Massof wetsample+Tare g | 1877 - ol o B L b . B ] _
Mass of dry sample + Tare g ). 1734 = a4 - - _— .
Massof Tae. g | 782 - % - | o Wl
Massofwater ol M s ) 206: 2 f . f B
Massofdrysample e | 92 - | we - f | =
Watercontent % | o150, "- | asa - ) | B
Av :rage_v\;ur Content % | - 15.0 15.1
\Density determination
Mould No IR i x 1 o |
Mass of mould + soil 8 ] 12589 12594 N o
Mass of mould & [ﬁ 71558 7558 — -
Mass of soil e | 5031 5036 -
Volume of the mould _em3 2305 2305
Moist density g/em3 2.183 2.185
IDry density g/em3 1.898 1.898
|Swell Determination
I ate Hour D Gauge Reding
linitial reading 96 hrs 6.3
i inal reading 7
Y icight of the specimen 127
ieight of swell N 07
Swelling(%) | 0.5
Observations

For the Lab

For Students

/

Jab ‘ echnic lm;

=yt

49

AV,
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B Comn o Vs & e e 4 Ay

S$20B32/313)

Institution Students Names Testing Lab
UGANDA CHRISTIAN ——
MWINE AMBROSE ($20B32/010) & ATEMO ENEKU JOAN ( s e
UNIVERSITY Stirling

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

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference . Depth 0.5m Sampling Date 15/Dec/23
mix EXPANSIVE SOIL MODIFIED WITH 30% SAND Penctration Date 14/Feb/24
[Source MOROTO DISTRICT Technician Lab team
[Sample Description * EXPANSIVE SOILS
[Number of blows per layer 62
Number of layers 5 5 5
IMould No = 721
‘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 0 "o 0 00
0.25 n | 1 02 2 04’
_0s 24 . 2 04 sl 0.8
0.75. 35 3 06 7 14 ol
1 47 5 10 11 23 B
L5 7 7 14 15 3.1 -
2 9% 9 18 18 37 .
15 18 10 21 21 43 L [ -
3 142 1 23 2 49 Hin | |
35 165 12 25 27 55 N I = b . e s
4« 189 13 27 29 60 ] [ B
45 213 14 29 3 64 T | e |
s fwe s s fse w0 )y
. ss SR T 2N T U Y | I -
6 83 | 17 3s 39 so || 1
€85 307 | 18 31 | 4 84 R
7 331 19 39 43 88 L
- /7\ — L p—
1.5 354 20 el . 44 9.0
|Observations o] é \\_ )
\ \\
- \,
\ For Students
\ )
Y
.ab. Techmician (/4 5 M‘ =
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Institution Students Names Testing Iab
UGANDA CHRISTIAN w "

ERSITY MWINE AMBROSE (S20B32010) & ATEMO ENEKT JOAN ( O o
I i S20R32313) Stll’llnz

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

[Sample Description

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

EXPANSIVE SOILS

Test sample reference I”‘T"h 0%m Sangpling Desé S Tome 23
Imix EXPANSIVE SOIL MODIFIED WITH 3% SAND  |Temmg Dnee LFeeg
Source MOROTO DISTRICT ks Lo s

.PENETRATION vs FOPCE CUPVE

82

100 “ it( {1t
U
90 - 1 t...
]; !1} 11111
4 i $44y
0 111 11118111k
s Izl i];; y i
SRR RRESS ~ o
70 |- { ‘;if/l
LT
{1 ’41 i1ii]it
60 4 44 BY <t BREEEEEI i
> L1 111 i1 {
X ‘—‘ 144 4 §4
= L IRRE ER $ 4
® 50 1 11 e 11183 8
5 221 Hitiig
@ L j;}. i1
LA IS BE BB
0 >~ y 131814
L~ { BRI R
rel | i }
P {1i11d
ok ] 1 B BSEES oppy
= i
» JRSBSC o IRES!
4 L1 1111
20 -} // ,.-a..-——r"" i-~'~ ——
1 111
/’ a"”‘ .::E
10 » /,f 44 43 I<--
» - i 1131113 i
L BRI REE1 RRREE FRESL B2
oo 0s 18 15 20 28 2z 35 ‘1 £z 3 L L 34 k s T s
Fensravoc
62 blows
Force CER
Botom| Top | Bomom| Jop i |
I ] I
2.5 mm Penetration 43 F 21| 33 s | | |
5.0 mm Penetration 70 | 31 3z < | | | {
=
verage 56 26 /338 155 |
Retained CBR 138 \
IObservations - 1 8
4 CBR=" 33.
For the Lab N Far Sousesas
) o) | i
Vab. Technician Matenals Engincer pL o i ﬁ
P e
\ P
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN B. & o
ERSITY MWINE AMBROSE (S20B832/010) b“r"nﬂ
0 o et @9 o & B ATEMO ENEKU JOAN ( S20B32/313)
FPROJECT 3 INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2-90)
L ocation MOSCTO DISTRCT Lab Refemece No
EXPANSIVE SO MODIFIED WITH 20%
L ocation (km) SAND Dry wt_of sampie before washing (g) 38716
Depth () 05m Dry wt_of sample after washing (g) 2360 2
Materisl R Date Sampled Date Tested Technician
s I > -
Besrghon 15Dec/202) 5F eb/2024 Lab team
|
Bieve Size (mm) | Weight Retained (g) | Retained (%) Passing (%) Grading Limits (G60 & 80)
&0 00 ] 100 100 100
ns 00 1 00 100 80 100
00 00 1 00 100 60 05
NN TN 810 M | 21 9 30 05
S .. . 207 | 53 | 2 20 50
D 9714 n | e | 69 10 30
oors | 1111 l | 40 5 15
Total fines | tean ¢ | ©0o |
Bottom Pan | a7 : )
stracted fines | vee g 1 i N G
Total sample Wiee 1 1 .
rading Modulus i en |
|
ol
{
I
i “ ]
i
ok
vl 19 1hth
Dasmetesimm)
7 STUDENTS
| S e
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STUDENTS NAMES

TESTING LAB

% Passing

90
80
70
60
50
40
30

INSTITUTION
lmggﬁ"‘“‘" MWINE AMBROSE (S20B32/010) & Stirling
(ot s o oo o M ATEMO ENEKU JOAN ( $20B32/313)
PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90
Location : MOROTO DISTRICT Lab. Refernece No.:
EXPANSIVE SOIL MODIFIED WITH 20%
Location :(km) SAND Dry wi. of sample before washing: (g) 3550.1
Depth: (m) 0.5m Dry wt. of sample after washing: (g) 2052.6
. Date Sampled: Date Tested: Technician
P Ma'.e’:?' ) MOROTO DISTRICT
esCrpion: 15/Dec/2023 5/Feb/2024 Lab team
4 % i
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 0.0 0.0 100 60 95
5.0 162.9 4.6 95 30 .65
2.00 150.1 4.2 91 20 50
0.425 810.4 22.8 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
Grading Modulus 0.98
100

1.00

Diameter(mm)

1000 100.00

STUDENTS
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INSTITUTION

STUDENTS

“TESTING (AD |

UNIVERSITY

UGANDA CHRISTIAN

B o B s & o 4 W

MWINE AMBROSE ($20832/010) & ATEMO

ENEKU JOAN ( 820832/313)

Stirling

PROJECT:

INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE 8OILS

ATTERBERG LIMITS

Liquid limlt (cone penotrometer) and plastic limit

EF JRCE [MOROTO DISTRICT [Technician Lab Team
X l EXPANSIVE SOIL MODIFIED WITH 20% SAND 15/D0c/2023
Test method 0S 1377 Part 2, 19904 3/4 4 7/F 8b/2024
ILAYER EXPANSIVE SOILS
[Depth 0.5m
[PLASTIC LIMIT Test No 13 RAD Average |
[Mass of wet soil + container (g) 3069 3331 32
[Mass of dry soil + container () 2038 31.57 30475
[Mass of container (9) 2248 21.08 2223
ass of moisture (Q) 131 17 1625
[Mass of dry soil () 6.9 9.59 8245
Moisture content % 10.0 18.1 186
1D LIMIT Test No 4
Initial gauge readi mm) 0 0 0 0
Final gauge reading (mm] 15.0 18.6 215 239
netration_(mm) 150 18.6| 21.5 23 BI
WVERAGE 15.0 18.6 215 239
IContainer No P133 MB PI2H BC
[Mass of wet soil + container 50.29 36.71 55.07 46.12
Mass of dry soil + container 38.28 28.14 4224 34.42
[Mass of container 6.97 6.98 11.49 7.04
[Mass of moisture 1201 8.57. 1283 11.7]
Mass of dry soil 31.31 21.16; 30.75 27.38]
[Moisture content (%) '38.4 40.5. 417 42;1
AVERAGE 384 40.5 a7 427
55 Liquid Limit Determination
Liquid limit (%) 409
23 by Plastic limit (%) 186
E Plasticity Index (%) 223
§ Linear shrinkage
&
.
g Trough No. 4
Trough length (cm) 4o
Specimen length (cm) 125
y 43 L = 15
Pl % L.shrinkage = 1no
Remarks: —~ \
TESTING LAB N TYDENTS
p) )

A L&To(:hmcun'.i ik

b

\ 3%
\ '/ -
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" INSTITUTION STUDENTS TESTING LAB
m:no.m MWINE AMBROSE ($20832010) & ATEMO
u_ .I,[..,-. S ENEXU JOAN ( $20832/313)
PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOLLS
ATTERBERG LIMITS
Lwdmnmmmmmm
[SouRcE JMoR0TO DsSTRCT Teckreian Lab Team
o l EXPANSIVE SOL MOO® ED VATH 207 SAND Sargie Ure S Dec2023
[Test method [ss 1377 Pat2 193204344 Test Oate 7 Fenr20ee
LAYER EXPANSVE SOLS
m 05m
PLASTIC LIMIT Test No 4“4 A
IMass of wet soif 4 contarer (g) 307 3073 30715
IMass of dry sod ¢ contamner (g) 23 24 2z 47 23355
IMass of contaner (g) 2125 2257 213915
Mass of mosture (g) 125 13 138
IMass of dry soil_(g) 798 5% 7 2e
IMorsture content % 183 133 133
WVERAGE
LIQUID LIMIT Test No -
intal gauge readng (mm) S S S c
Final gauge reading (mm) 150 128 rali 240
penetraton (mm) 150 138 rali 43
AVERAGE 150 138 2 243
iContainer No. PIVEN Piza FOO FORD
IMass of wet sail + contaner (g) -r4a343 543 5057 5334
IMass of dry soil + contaner (g) 3322 £2 1% 2832 £3 37
IMass of container (g) €85 72 g2 530
iMass of moisture (g) 1021 1424 1583 I557
IMass of dry soil (g) 25.27] 35.11 320 37171
[Morsture content (%) 383) 2z €11 7]
AVERAGE 323 s 411 | 27
25 Liquid Limit Determination
Liquid Bmt (%) 40
Plastic Emt (%) B3
£ Plasticity Index (%) 27
c
2 Linear shnnkage
H
H
&
e
g | Trougn No 4
Trougn engm o™ “e
Specmen eng om) 2s
L shangage = 15
% L shankage = n2
\ e
N ) -
v A ——————
" il
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*' INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA GRETAN MWINE AMBROSE (520B32/010) & ATEMO ENEKU JOAN ( Stirling
i R $20832/313)
PROJECT: l INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
[ Test Reference No lDeuh ©05m Date Sampled Date Tested Technician
IMix EXPANSIVE SOIL MODIFIED WITH 20% SAND 15/Dec/23 5/Febi24 Lab team
ISOURCE MOROTO DISTRICT
IMaterial description: EXPANSIVE SOILS Natural moisture (%) 10
TEST DATA
Weight of rammer (Kg) No of blows per layer Noof layers  |Height of drop (mm) |Diameter of mould(mm) [Volume of mould (cm”)
45 27 5 457 100 1,000
MOISTURE CONTENT DATA
TestNo 1 2 3 4 5
i No A A A A A
ater Added cm® 120 220 320 420 520
ss of Compacted soil + mould m 5,036 5208 5296 5223 5191
of Mould gm 3215 3215 3215 3215 3215
of soi m 1821 1903 2081 2008 1976
olume of mould em® 1,000 1,000 1,000 1,000 1,000
et of soil glem’ 1.821 1.993 ~ 2081 2008 1976
DATA FOR PROCTOR CURVE
BKN CR7 ucu 88C YsY
am 1.991.0 21050 1,948.0 22900 23050
gm 1.874.0 1,9520 1.787.0 20740 20690
gm 801.0 770.0 808.0 809.0 8200
an 17 153 151 218 236
on 1073 1182 989 1265 1249
* 109 129 153 171 189
Dry density glem® 1.642 1.765 1.805 1715 1662
Maximum dry density (gm/cm®) 1.815 Optimum moisture content (%) 145
f 1820
‘ i i e O
gy i R 5 1
1770 = {
= ] 1T O 1
£ 0 N -
3
s =
g ) i i I N il _ “\ E ]
P A SEEEEEESEEREEERYS
1670 = 1
-] = - -1 S i = S = N L
S50 D 5 [ [ T O |
11T 1 ) 1
0 f| 0L ) 1 ]
1620 !
108 15 145 155 165 175 185
, N Molsture Content (%)
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Testing Lah ;

e 4 s o A o o By

Institution Students Names
m’.’aﬁ'mm" MWINE AMBROSE (S20832/010) & ATEMO ENEKE JOAN ¢

S20m01)

| Stirling I

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

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Test sample reference

Imix
Source

ll depth. 0.5m

EXPANSIVE SOIL MODIFIED WETTE20% SAND

MOROTO DISTRICT

Sampling Date

Casting date
Testing Date

[Sample Description

EX

lechnicin

15/Dec/23
6/heh/24
10/Fehi2A

|.ab tewm

PANSIVE SOILS

Volume of Mould wsed (m’)

08

Natural moisture of alr dried sample

Volume of water added

Tin No

Tin + air dried soil sample (g)
Tin + oven dry soil sample ()
Iin(p)

Dry soil sample

Water ()

INM.C (%)

Average (%)

BA
2596
2476
768
1708
120
7.0
7.0

Mass of mir dried soil (g)
MDD (Mg/m’)
NMC (%)

OMC (%)

Added OMC (%)
Caleulated dry wt of soil (g)
Water added (g)
Water added (ml.)

6000
1815
70
145

75
55745

49
419

Number of blows
Number of layer

62
5

Water Content Determination

Before Soaking |After Soaking

lare No

Mass of wet sample + Tare
[Mass of dry sample + Tare
Mass of Tare

Mass of water

Mass of dry sample

(Water content

Avcrage water Content

e -
2309, -
210, -

805 -
199 -
1305 -
152 -
15.2

vey -
2106 -
1938, -
819 -
168, -
"o -
150 -
15.0

||Density determination

Mould No

Mass of mould + soil
Mass of mould
[Mass of soil

Volume of the mould
Moist density

Dry density

cm3

gem3
p/em3

11684
6719
4965
2305
2.154
1.873

11696
6719
4977
2305
2159
1.873

{Swell Determination

| ate

IHour 1.Gauge Reding

Initial reading

96 hrs 12.65

I'inal reading
I cight of the specimen
i cight of swell

13.5

\I27

L1085

Observations

Swelling(%) -

067\

For Studenty

For the Luh

| Lab_Technician

"MQ;"
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Institution Students Names Testing Lab
MWINE AMBROSE (S20R32910) & ATFMO FNERU JOAN( R
'.._..,_..._ - S20R3231) Stirling

INVESTIGATING THE USE OF RIVER SANDIN THE STARILISATION OF EXPANSIVE SOTLS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference Ir\:fv\ 0tm Sampieeg e 157w 23
=1 EXPANSIVE SO AODNITET) WTTH 0%, SAND Pomcme e v INTen e
Source MOROTO DISTRICT T bmncam 155 soum
amplc Descnption FAPANSIVE SO S
PNurmher of Blows per laver €
Nember of Ines $ s
Moald No AST
@ of the Proveng Pog AN 0 ©
Proving Ring Comstami (AN div ) o082 » ;2
Speed = o Tep Bottem
Penecrance of Tee | Readmg  Force | Readmp  Force
fhe phemper (mem) O R S R )
L o ] o 0 | o o0 B
=SB - SN N ) (L . N (N SN IS | | 1 !
e MR o 5 W8 S S | = =
075 . 35_4_ 4 o8 4 oS _ B N
I B I 1 6 12 | e 12 e o
e e il T A8 | aE D 33 T S 7
2 4 s 16 | 15 25 || :
o 2s 1s 18 17 35 —— B
- 3 . 142 10 21 2 S | I
. 3s 165 19 21 2 43 N (A N
u L 159 11 23 27 ss )|
- s 213 2 .35 | » o0
S Se— S e S— LIS | I
_ss | e 13 27 32 se || B
. 6 283 13 27 | M 70 .
e 68 -1 A6 | 29 ) 3% Y8
e 0 29 . | F—
75 384 15 317
Observations y
For the Contractor s For Nwdcady
. Techmcran Ll W s ‘%{
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Institution

Students Names

UGANDA CHRISTIAN
' UNIVERSITY

MWINE AMBROSE (S20B32/010) & ATEMO ENEKU JOAN (
S20R32/313)

l Stirling I

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

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

[Test sample reference IDq\lh 05m |Sampling Date 15/Dec/23
fnix EXPANSIVE SOIL MODIFIED WITH 20% SAND | Testing Date 10/Fch/24
|Source MOROTO DISTRICT Technician Lab tcam
ISample Description EXPANSIVE SOILS
NI N vs FOR!
we
"
L]
e
‘—‘__,---
10 L —‘——‘
-n"“‘"-‘—
5 g _v“’"'
< "_
s0 L1
1
s el 8
-
“w 1
»
L
*ﬂ
-
il ‘,ﬂ 411
1 4-H I
20 b +1 1
g 1
WA
Pab®
0 ‘g’
LA
o0 i 111
oo o e L3 R " . .o AL . L] LR 10 s L1
Penetration (mm)
62 Mhows
)one CHR
Bottom | Top | Botsoen | 1o
2.8 mm Penctration i s 20 "
S0 mm Penctration o4 28 32 12
\verage 49 22 291 131
Retained CRR 9.0\
Observations CB R 29 l
For the Lab /} 7 // ~ For Students
Y
ab Techmician Mozerials Engince; /, ‘@/ -
(9%

1% 4

&
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INSTITUTION STUDENTS TESTING LAB

UGANDA CHRISTIAN

UNIVERSITY MWINE AMBROSE (S20832/010) & ATEMO ENEKU &
w et d o b JOAN ( S20832/313) mn:\—-ﬂm
- ! s e B
|
| PROJECT: H 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
4 rmunh:oz” MOROTO DISTRICT ’ ) Depth 05m )
Av — 1 T 1 3 = B | T CBR

GRADING ATTERBERG LIMITS Mmoo CBR
'LOCATION BLENDED % | N y - IO et |
! m-und__mzn e s | 20 s 2 |oas o007s GM | W P A | 1s  MOD omC 62 AVERAGE
m f 100 100 | 100 98 96 84 61 059 | S35 256 279 | 143 1750 150 14.2 091 091
{ EXPANSIVE 00 100 | 100 98 95 | 8 56 067 | 536 255 281 | 143 - - - -
_ SOiL 71 — T T It t1t T Sy =
| MODIFIED | 100 | 100 | 100 _ 97.8 | 95.54 | 82.87 wn.umT.nu 53.6 N 25.6 _ 280 | 143 T.umo 15.0 142 091 091
WITH 10% [ e R — - -+ — ——-—
| moroTO H
* pessiict B .SSSP, | g | B
|
| sy = + - - H | IS, ERE (RIS EVI CYRINE) PR =
==t 2 RS B TR R B A KT T
AVERAGE 83 | ss |06 | sus 15 M0 13 | 1750 | 150 12 091 | o091

EORLAB STUDENTS

el
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INSTITUTION STUDENTS NAMES TESTING LAB
gﬁm%ﬁ“""*" MWINE AMBROSE (S20B32/010) & Stirli
s AR ATEMO ENEKU JOAN ( S20B32/313) Iriing

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: (g) 4963
Depth: (m) 0.5m Dry wt. of sample after washing: 1994.0
S Date Sampled: Date Tested: Technician
de":z:f’t‘f;n_ MOROTO DISTRICT
pon: 15/Dec/2023 5/Feb/2024 Lab team
i " " o, . o
Sieve Size (mm) | Weight Retained Retained (%) Passing (%) Grading Limits (G60 & 80)
63.0 0.0 0 100 100 100
37.5 0.0 0.0 100 80 100
20.0 0.0 0.0 100 60 95
5.0 97.4 2.0 98 30 65
2.00 108.9 2.2 96 20 50
0.425 596.2 12.0 84 10 30
0.075 1134.1 22.9 61 5 15
Total fines 3026.4 61.0
Bottom Pan 57.4
Extracted fines 2969.0
Total sample 4963.0
Grading Modulus 0.59
10 — s
o >
80
70 =
w 60
£
5 50
® 40
30
20
10
5 i3
0ol 100 10 00 100 00
Diameter(mm)
[Testing Lab STUDENTS
( -'7.~ 9 -
@ Technician
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INSTITUTION STUDENTS NAMES TESTING LAB
e MWINE AMBROSE (S20B32/010) & Stirli
plda LI ATEMO ENEKU JOAN ( S20B32/313) iriing

PROJECT : INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
Location : MOROTO DISTRICT Lab Refernece No
EXPANSIVE SOIL MODIFIED WITH 10%
Location :(km) SAND Dry wt_of sample before washing (g) 4358 §
Depth: (m) 05m Dry wt_of sample after washing (g) 19910
i Date Sampled Date Tested Technician
B i1 MOROTO DISTRICT
plon: 150ec/2023 5/F0b/2024 Lab team
Sleve Size (mm) | Weight Retained (g) Aoiined 04 P‘“‘W i ,G',“f“" gﬂmtffov‘ i
63.0 00 100 100 ] 100
7.5 00 100 L.
20.0 00 100 60
5.0 106 0 9 - B
2,00 101.3 95 AL R L A
0.425 581.2 82 LU (- | A
0.075 1141.7 56 . 15
Total fines 24283 S
Bottom Pan 608
Extracted fines 2367.5
Total sample 4358 5
Grading Modulus 0.67
100 ————— |
% |
80
70
60
i
® 0
30
20
10
o(!(ll 010 10 10 00 100 00
Diameter(mm)
STUDENTS
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NSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN
UNIVERSITY MWINE AMBROSE (S20832/010) & ATEMO
[P . ENEKU JOAN ( S20832/313)
PROJECT: INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
ISGURCE [WoRaTo DsTRIGT [Technican. 135 Team
| EXPANSNVE SOIL MODFIED WITH 10% SAND _|Samgie Date 15Dec2023
[ Test method lssaarr Part2 19204344 TestDate 12Dec/2023
EXPANSIVE SOLS
05m
TestNo. RAD JL Average
38.12 3362 £
323 518 3543
2185 2254 2225
332 35 333
1224 13.82 1323
25% 254 258
1 2 4
of of 0 o
15 ;{ 172 212 250
15 17.2 212 250
158 . 178 212 250
FORD F0O Pi33 PzH |
4384 4518 5534 5388
3547 3253 3321 3585
522 583 535 550
14 37 13.55) 17.63 1581
2885 257, 3228 295!
502 525 548 551
502 523 548 551

Liquid limit (%) 535

Plastic imit (%) 238

Plasticity Index (%) 279

E

E

5 =

§ Trough No 2

S
Trough length (om) 4“0
Specamen lengm (cm) 120
L shnngage = 20
% L shrinkage = "3

sTQOENTS

b
|
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INSTITUTION STUDENTS TESTING LAB
WWANPEJSGTCVHRENAN MWINE AMBROSE (S20B32/010) & ATEMO
sl 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
Iﬁsouaca R [MOROTO DISTRICT [Technician: Lab Team
Imix l EXPANSIVE SOIL MODIFIED WITH 10% SAND Sample Date 15/Dec/2023
[Test method BS 1377: Part 2, 1990:4.3/4.4 Test Date 18/Dec/2023
LAYER EXPANSIVE SOILS
Depth. 0.5m
IPLASTIC LIMIT Test No. 13 44 Average
of wet soil + container 4168 40.08 40.87
ss of dry soil + container 37.75 36.25 37
of container 22.46 21.23 21.845
of moisture 3.93 38 387
of dry soil () 15.29 15.02 15.155
Moisture content % ‘257 254 255
IAVERAGE
LIQUID LIMIT Test No 4
Initial gauge reading (mm) 0 0 0 0
[Final e readil mm) 154 17.6 21 248
tion_(mm) 15.4 17.6} 21.0 248
WERAGE 154 17.6 21.0 248
(Container No. MB BC P8 PIH
of wet soil + container 42.07 51.40; 46.96] 46.46
ss of dry soil + container () 30.34 36.14. 32.89 32.20
ss of container () 6.97 7.05! 7.09' 6.93
IMass of moisture 11.73 15.26 14.07 14.26
iss of dry soil 23.37 29.09: 25.8 25.27.
oisture content (%) 50.2 52.5 54.5 56.4
AVERAGE 50.2 525 54.5 56.4
2 Liquid Limit Determination .
| Liquid limit (%) 536
0 5 SO O 0 S o e i
2 {2 28 LA Plastic limit (%) 255
€ Plasticity Index (%) 281
E
§ ? Linear shrinkage
£ 19
.
g Trough No. 2
Trough length (cm) 140
length (cm) 120
emer—
L shringage = 20
% L.shrinkage = 143
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INSTITUTION STUDENTS NAMES TESTING LAB

UGANDA CHRISTIAN
ORST MWINE AMBROSE ($20B32/010) & ATEMO ENEKU JOAN (
e N $20832/313) Stirling

IPROJECT: ] INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
‘est Reference No ]Devlh 0.5m Date Sampled Date Tested Technician
bt EXPANSIVE SOIL MODIFIED WITH 10% SAND  [15/Dec/23 5/Feb/24 Lab team
SOURCE MOROTO DISTRICT :
PMatenal descnption: EXPANSIVE SOILS Natural moisture (%) 1.0
TEST DATA
Weight of rammer (Kg) No. of blows per l.tye( Nooflayers  |Height of drop (mm) |Diameter of mould(mm) |Volume of mould (cm’)
45 27 5 457 100 1,000
MOISTURE CONTENT DATA
F& - 1 2 3 4 5
n Ne A A ) A A A
Added cm’ 120 220 320 420 520
of soil + mould m 4,985 5136 5231 5189 5,089
of Mould m 3.215 3.215 3.215 3215 3.215
of soil gm 1770 1921 2016 1974 1874
/olume of mould cm® 1,000 1,000 1,000 1,000 1,000
of soil glem’ 1770 1921 2016 1.974 d 1874
DATA FOR PROCTOR CURVE
KAU CcMD NMT Yy KT
24330 21440 1,989.0 21110 2,198.0
2.268.0 19820 18280 1,919.0 1.977.0
8010 - 763.0 767.0 784.0 799.0
165 162 161 192 221
1467 1219 p 1061 1135 1178
1.2 133 152 16.9 188
JOry densay glem® 1591 1.696 1.750 1.688 1578
Maximum dry density (gm/cm’) 1750 Optimum moisture content (%) 15.0
s ™
| im0
! 1.
= M~
! = N
| N
i 170
|z
| T Bd N
| &
lE =1
| £ 1650
| & 1 N
Iz A -
1600
po=
1550
1o 120 130 1o 150 160 o mo 9o
. Maisture Content (%) R R e
P ity 55"
Technician ineer ﬁ'
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Institution Students Names Testing Lah

m:ﬁ’?’lnn‘" MWINE AMBROSE (S20832/010) & ATEMO ENEKI JOAN (

SU0IN2/N1Y)

Stirling

[Ny —

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

CALIFORNIA BEARING RATIO TEST (BS 1377 Purt 4)

Test sample reference [Depth. 0.5m Sampling Date 15/0ec /23

nix EXPANSIVE SOIL MODIFIED WITHE 10% SAND |Casting date < "2
Nource MOROTO DISTRICT Testing Date 101y ehi2A

n 1 echnician Lab team
ISsmple Description EXPANSIVE SOILS >
Volume of Mould used (m”) 2305
Natural moisture of air dried sample Volume of water added

Tin No ACH Mass of air dricd soil (1) “rn
T + air dricd soil sample (g) 290% MDD (Mg/m®) 1.750
1 + oven dry soil sample (g) 2730 NMC (%) 92
Iin (p) 787 OMC (%) 139
Dry soil sample 1943 Added OMC (%) 4.7
Watcr (g) 178 . Calcutated dry wt of soil (g) 54503
INM C (%) 92 ¢ Water added (g) 260
Average (%) 9.2 . Water added (ml.) 260
Number of blows 62

[Number of laycr 5

Water Content Determination Before Soaking | After Soaking,

Tare No 21 . NRM .

Mass of wet sample + T are [ 2020 - 2353 .

Mass of dry sample + Tare [ 1841 - 2111 -

Mass of Tarc 3 805 - 791 -

Mass of water ® 179 - 242 -

[Mass of dry sample [3 1036 - 1314 -

Water content % 173, = 184 -

Average water Content % 17.3. 184

Density determination -

Mould No NN . I

(Mass of mould + soil 3 11460 11515

[Mass of mould ¥ 6646 6646

Mass of soil v 4814 4869

Volume of the mould ound 2305 2305

Mot density yomd 2089 2112

Dry density y/emd 1.74) 1. 764
\Swell Determination

| e Hour 1) Gauge Reding

Initial reading 96 hry 2004

I inal reading 2119

Heipht of the specimen 17

Teight of swell R 1N

Swelling(%) 091\
Observations P ,l ’ \
Vorthe Lalr™ - 4 For Studenty
C "' . C : ? ! 1
Lab Technician . . —t
of L ’
\ @ '(,-/ 7 . .
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Institution Students Names Testing Lab
UGANDA CHRISTIAN E (S - N
IBROSE (S20832/010) & ATEMO ENEKU JOAN ( T
UNNVERSITY Stirling

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

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

[Test sample reference . IDcp(h 0.5m Sampling Date 15/Mec/23
i EXPANSIVE SOIL MODIFIED WITH 10% SAND Penctration Date 10/Feb/24
Source MOROTO DISTRICT Technician Lab team
Sample Description © EXPANSIVE SOILS
Number of blows per layer 62
Number of layers B 5 5 5
Mould No NN
Capaciny of the Proving Ring (KN) 50 50 0,
\Proving Ring Constant (KN'div.) 02052 o208 02052
Sheed mm min Top Bottom
[Penctration of Time | Reading = Force |Reading Force
ke plunger (mm) ) | *10'mm N | *10'mm (KN)
o | o | o o0 0o . 00
B o0 | 12 v f o2 | 2 | o4
. us Rl 2 04 2 | o4
0.5 | 3 3 06 3 06
1 4| s 10 L 10
15 no| s 1.0 7 14
2 9 | 6 .| % 16
28 ns 8 16 9 18
3 142 9 18 1" 23
38 1es | 10 21 12 25
4 189 10 21 K] 21
45 213 1 23 1] 29
s 236 1" 23 “o29
EX] 260 o2 15 il
3 283 12 25 15 31
[X] 307 [ERNNRR 3 16 LR
7 3 13 21 16 38" I
=
7.8 384 “ 29 \1\ 3s
(Observations 24
s ;
For the Contraglor -~ \ For Studenty
A00) v O )
p e
ab. Technician \
S
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Institution Students Names Testing Lah ¥
m:}::;g‘lls“k" MWINE AMBROSE (S20B32/010) & ATEMO ENEKU JOAN(
& e # Gnims & e thoars o A S20832/313)
INVESTIGATING THE USE OF RIVER SAND IN THE STABILISATION OF EXPANSIVE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference ll’)cml\- 05m Sampling Date 15/Dec/23
nx EXPANSIVE SOIL MODIFIED WITH 10% SAND | Testing Date 10/keb24
ISource MOROTO DISTRICT Technician Lab team
{Sample Description ! XPANSIVE SOILS
PENETRATION vs FORCE CURVE
wo
00 SRRRR R 1+
eo H111 1 - +H -
70 SRR = = =
€c H A HHHAHH H- HHH s
2
3
© 50 11 i u i | x as
s 18
o HHHHHHHE H 1} L L]
11:231
so 444414111
L H
20 4 11 -
10 v
T
117
oo 0s 10 15 20 28 30 s 40 45 50 55 60 6s T0 s 52
Penetration (mm)
62 blows
Force CBR
Bottom | Top | Bowom | Top
2.5 mm Penetration 18 16 14 12
5.0 mm Penctration 29 23 14 1
Average 24 19 142 {19
I\
Retuined CBR 142 5 \
|Observations \ |4 o]
) “or Stud
For the Lab /)‘ \ For Studeaty
| dat
\.ab. Technician - Vi
N il
N 0.7 .
or 3
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