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ABSTRACT
Expansive soils usually have a high compressibility they also have a tendency to shrink
upon drying and swelling when wet, and high-water absorption. These expansive soils
make it impossible to build civil engineering projects without adequate stability due to
a number of issues they cause. In places where these soils exist, before construction
of any structure, various techniques are frequently used to enhance their engineering
qualities. Traditionally, common additives for stabilizing soil have included cement

and lime.

But in Uganda, where there is a lot of waste from the agricultural sector, and the
increasing prices of these additives, there is need to use the locally available materials
to stabilize these weak soils. Thus, the purpose of this study was to determine whether

river sand and sawdust ash (SDA) were suitable for stabilizing expansive soils.

Through carrying out experiments, the percentages of river sand and saw dust ash were
varied in the following ranges; 0% river sand and 0% saw dust ash and 100% soil, 0% river
sand and 12% saw dust ash, 15% river sand and 9% saw dust ash, 30% river sand and 6%
saw dust ash, 45% river sand and 3% saw dust ash, 60% river sand and 0% saw dust ash
with varying percentages of soil which were varied by mass. The tests were carried out
which include classification tests, durability tests and strength tests. The results
showed that the neat soil was a highly plastic clay soil which was poor to be used for
road construction and therefore required stabilization. On addition of river sand and
saw dust ash in the above proportions showed a notable decrease in the plasticity index
from 30.4% for the neat soil to 5.2% at 45% river sand and 3% saw dust ash. However,

at 60% river sand and 0% saw dust ash the soil matrix was non-plastic. The maximum



dry density was also seen to increase until it reached its highest of 1.898 g/cm? and a
reduction in optimum moisture content to 8.1%. The results reveal the potential for the
use of the combination of river sand and saw dust ash to stabilize the weak subgrade
soils. The research also adds to the existing body of knowledge in that it addresses the
problem of poor soils and also environmental waste concerns brought about by the

agricultural sector.
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CHAPTER ONE: INTRODUTION

1.1 Background

Soil refers to sediments and a collection of mineral particles that are created when
water and air physically or chemically break down rocks. Variations in density and
moisture content have an impact on the engineering behavior of this non-homogeneous
porous material (Tisdall, 2010). It can either be organic or inorganic in nature. Organic
soil is formed when plants die and decay and also the buildup of skeletons and shells
however, the breakdown of rocks leads to the formation of inorganic soil, this
breakdown can either be mechanical or chemical. The occurrence of expansive soils is
a result of these variances in the processes by which soil forms as well as variances in

local climates.

Because of these expansive soils, civil engineers have encountered numerous
difficulties over the years when doing their construction works (Dennis, 2018). Some of
the countries that are most impacted by these soils include China, Spain, Argentina
from South America, the United States, and Canada in North America. Semi-arid
locations are home to certain sorts of soil (Christos, 2022). They can be found in
Uganda's Albertine region as well as in certain areas of the country's east and west

(Gitta, 2019). The figure 1 below shows the coverage of the expansive soils in Uganda.
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Figure 1:Pattern of the soil distribution in Uganda Source (European Commission, nd)

Expansive clay soils typically have a black or grey hue, poor drainage, causing deep and
extensive fractures. When dry, their strength increases, but when wet, it is low

therefore leading to a low traffic ability when wet (Team, 2021).

Road surface structures sustain significant harm due to the global issue of these clayey
soils spreading. Because the problematic soils are highly plastic, they can absorb large

volumes of water and swell as a result of changes in seasonal moisture. By causing



shrinkage fractures and enabling water to seep deeper, desiccation of these soils during
the dry season contributes to swelling even more. Soils lose their bearing ability due to
significant volume changes brought on by the cyclic process of swelling and shrinking.
Additionally, heaving and differential settlement cause structural damage as a result
of excessive strains brought on by expansive soils' shrink-swell characteristic. It is
therefore, important that the subgrade layer on which other layers are constructed is

strong (Kumar, 2022).

The bottom layer on a road structure is the road subgrade typically composing of native
soil that has been compacted to support loads from overhead traffic. Sound material
must therefore be used in the construction of the subgrade to guarantee a sturdy and
long-lasting roadway(Ministry of Rural Rehabilitation and Development, 2020).
Additionally, it's critical to maintain roads especially the unpaved roads to keep them
in original shape. This will guarantee road user safety, save vehicle running costs, and
enable convenient road travel. Unmaintained roads pose a serious risk to the safety of

drivers, resulting in delays, financial losses, and occasionally even fatalities.

The government has made an effort to periodically maintain the roads throughout the
years, but complaints and public outrage regarding the poor condition of these dirt
roads and the declining quality of the work being done have persisted (Christos, 2022).
Soil is a necessary building element for most construction projects, including building
roadways. Most construction works requires soil to be used. An example is on road
projects and some of these soils that are encountered are not exactly suitable to be
used due to their poor strength. When this happens, the engineer can choose to replace
the material entirely or work on strengthening the weak soil (Jadeja et al., 2021).

3



1.2 Problem statement

Over the years, development through urbanization has taken place creating more
employment opportunities for the people and because of this, many roads have been
constructed and they ought to be properly constructed. Expansive soils are seen to be
a major problem on the 29 km stretch of Kisamba Road in Busunjju where very many
jobs for the people in the neighbouring districts have been created. (MoWT, 2022).
Some major section of the road that pass-through swamps undergo heaving when the
vehicles pass at these points. This has left the road in a very sorry state. It has increased
the time road users spend traveling and the vehicle operating costs as vehicles are seen
to break down often. Heaving occurs when the soil's water content varies and its volume
changes. When the soils take in water they are seen to expand and when they lose
water they shrink. There is heavy settlement in the case that heavy vehicles use the
road which comes about due to shrinkage and swelling. The road develops potholes,

and cracks continuously (Thomopoulos et al., 2010).

Therefore, there is need to stabilize expansive soils to overcome this problem. The
purpose of this study is to evaluate the effectiveness of sawdust ash and river sand as

expansive soil stabilizers.

1.3 Research objectives
1.3.1 Main objective
Assessing the use of river sand and sawdust ash as a stabilizing material for weak

subgrade soils.



1.3.2 Specific objectives
1. To determine the engineering properties of the neat soil.
2. To determine the engineering properties of river sand and sawdust ash to be used
as a stabilizer.
3. To determine the variation in strength values with different percentages of river

sand and sawdust ash added to the soil.

1.4 Research questions
1. What are the engineering properties of the neat soil?
2. What are the engineering properties of river sand and sawdust ash to be used as
a stabilizer?
3. What is variation in strength values with different percentages of river sand and

sawdust ash added to the soil?

1.5 Justification

Given that river sand is granular and inert by nature, it can be used as a filler material
when combined with expansive soil because of its strength under confined conditions
(Ministry of Rural Rehabilitation and Development, 2020). In order for the composite
mix to have both cohesion and friction, there should be a consistent gradation of
coarser components throughout the stabilization of fine-grained soils. Sand particles
have angular shaped particles therefore, they interlock with soil particles when mixed
in different proportions, making sand an admixture to cohesive soils (Rodriguez, 2020).
Particle interlocking alters the soil's flexibility, compaction, and bearing capacity,
among other characteristics. However, in wet conditions, the high clay content in the

soil makes it difficult for the soil to remain effectively bonded with the sand therefore



there is need to add sawdust ash to the mixture as a chemical stabilizer (Imafidon,

Ogirigbo and Ehiorobo, 2021).

The saw dust ash is pozzolanic in nature. When sawdust ash is combined with expansive
soil in the presence of water, its pozzolanic nature allows it to exchange cations
(Mohamed et al., 2023). It contains around 65.31% silica, 6.08% alumina, and 10.36%
calcium oxide. Particle agglomeration and flocculation form cementitious materials
that increase the strength of the soil and the materials formed are calcium silicate
hydrate and calcium aluminate hydrate (Butt, Gupta and Jha, 2016). The particles are
then firmly bound together to create a uniform soil mixture and reduce the Atterberg
limits. The importance of river sand is for uniform gradation of the soil since the
sawdust ash increases the percentage fines. The voids in the soil are properly filled
hence resulting into a more compact soil sample increasing the soil density (Ohio

Department of Natural Resources, 2012).

1.7 Scope of study

1.7.1 Geographical scope

The study was carried out on Kisamba Road in Busunjju and this was where the neat
soil samples were obtained and then transported to Stirling laboratory for testing. The
river sand which was a mechanical stabilizer was obtained from Lwera and the
sawdust was obtained from Mukono carpentry workshop and burnt to ash from the

UCU furnace at 500°C.

1.7.2 Time scope

Thw study was conducted from August 2023-April 2024.



1.4.3 Content scope

The study was looking at river sand stabilizing the neat soil mechanically and the saw
dust ash also enhancing on the bonding properties of the soil due to it’s pozzolanic
nature. The study therefore looked at comparing the strength characteristics of the
stabilized soil with the one stabilized with different percentages of river sand and saw
dust ash addd to it. Also, a mix design was formed and the results obtained were

compared according to the standards.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

Previous scholars have made significant efforts to strengthen and stabilize expansive
soils. The modification of soils to strengthen their physical characteristics is known as
soil stabilization (Michael, 2021). The most popular chemical admixtures are cement
and lime, which are very expensive (Huat, 2006). To handle this issue, numerous
researches has been conducted to evaluate the effectiveness of using sawdust ash to

enhance the engineering properties of soil.

This chapter summarizes several research projects on sawdust ash, river sand, and poor
subgrade soil stabilization. A detailed investigation of the viability of utilizing river sand
mixed with sawdust ash for the stabilization of weak subgrade soils was carried out
based on the challenges noted in other reports. The investigations aid in determining
the gaps that need to be filled to better improve on the weak and expansive soils. In
order to comprehensively understand the study and accomplish the stated objectives,
the literature has been revised in accordance with the study proposal's objectives. The
qualities of the materials (river sand, sawdust ash, and neat soils) utilized in this study
are also covered in this chapter, along with their suitability for achieving soil stability.
The key concepts covered include; characteristics of expansive soils, how to choose a
stabilizer, various stabilization mechanisms utilized in road construction, and how each

stabilization technique improves the qualities of the soil.



2.2Theoretical review

2.2.1 Soil classification

Classifying the soil is crucial before stabilizing it, as it helps determine whether
stabilization is necessary. Sorting soils according to similar properties into groups is the
process of soil classification (khoerul ummah, 2022). While there are other ways to

categorize soil, USCS and AASHTO are the most often utilized approaches.

2.2.2 According to Unified Soil Classification Systems (ASTM D2 487 2004)

USCS states that after estimating by weight, a representative sample of soil maintained
on sieve No. 200 which removes particles larger than 75 mm which are taken and
classified as either fine- grained and those retained on the same sieve as coarse-
grained. When more than 50% of the particles in the soil is retained the soil is
categorized as coarse-grained soils, whereas less than 50% of the particles in the soil is

retained the soil is classified as fine-grained soils (Trans, 2016).

When the soil mainly comprises of coarse-grained particles, it can be identified as a
sand or gravel material having estimated whether more than 50% of the particles pass

through the sieve nhumber 4.

For a gravel soil, it is a clean soil if it has very little fines in it that are usually less than
5% and it is dirty if the fines are less than 12%. Clean gravels that are well graded are

classified as GW, those that are gap graded are classified as GP soils.

The dirty ones are in two categories and they include; the silty fines which are non-
plastic and these are denoted as the GM and the plastic are the clayey soils denoted as

GC.



For sands the same procedure is followed as that of the gravels and the well graded
sands are denoted by SW and those that are poorly graded are denoted as SM. The sand

that contains clay fines in it is denoted as SC.

Fine grained materials are usually classified as the following: ML, OL, CL, CH, MH, OH

having estimated it’s dilatancy and determined whether it is inorganic or organic in

nature.
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Figure 2: Shows plasticity chart

2.2.3 Expansive soils
Because expansive clay soils naturally have the ability to experience volume
fluctuations in response to variations in moisture content, they can be troublesome

soils. The alternating swelling and shrinking characteristics harm engineering structures
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by forming cracks. The mineral montmorillonite clay, which is found in expansive soils,
has the ability to absorb water and hold onto it for extended periods of time

(Ikeagwuani and Nwonu, 2019).

Illites and vermiculites are part of the Mica-like group, which can be widespread but
usually does not cause much trouble. Weak bonds hold the alumina sheet sandwiched

between two silica sheets (Bauluz, 2015).

Engineering structures are limited by the montmorillonites clay minerals, which are
part of the smectite group. They have alternating silica and alumina sheets and because
there is less connection between succeeding units, water can easily displace them, thus
weakening the binding and causing expansion. According to a 2016 study by Fajardo,
the inter layers created in the montmorillonite clay or smectites are hydrated and
expansible, and this can vary up to 30% of the original volume depending on the amount

of moisture present in the soil.

2.2.4 Swelling mechanism of clay soils

The phenomenon of soil expanding when water is present is known as swelling. Clayey
soils have a net negative charge on its surface and when in contact with water which
contains the positive ions, The molecules of the water are attracted to these surface
charges and therefore there is absorption of the water molecules. The distance
between the adjacent clay particles reduces and hence the soil mass increases in
volume and hence forming a double play that makes it hard for the soil to easily loose

water (Bala, 2023).
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2.3 Empirical review

2.3.1 Soil stabilization

The modification of soils to strengthen their physical characteristics is known as soil
stabilization. It improves the performance of the soil by strengthening its engineering
properties (Onyelowe, 2012). Additionally, it can reduce the soil's tendency to swell
and contract, enhancing the shear strength of the soil and its ability to support more
weight. Research has been done on the various types of stabilization and that different
materials that can be used some of which include; cement, lime, plastic, fly ash and
many other additives (Kobbail, 2022). The most common way for stabilizing expansive
soils is to combine the natural expansive soil with various stabilizers. This has inspired
research into the use of unconventional stabilizers such ash of rice husks, sugarcane
bagasse, cow dung, fly ash, saw dust ash, and waste from plastics among others to

stabilize expansive soils whose disposal would otherwise be troublesome.

Stabilization involves several techniques but they can broadly be classified into 2 types:

1. Mechanical stabilization

2. Chemical stabilization

2.3.2 Mechanical stabilization

The main aim of mechanical stabilization is to redistribute the traffic loads that are
applied on the soil by increasing the bearing capacity of the soil. This is usually done
by changing the natural soil's physical characteristics and hence the soil is be

stabilized.

12



Physical processes such vibration of the soil, compaction, or the addition of extra
physical elements like aggregates, barriers, and nails can be used. This is mechanical
stabilization additional fines or aggregates may be added to produce a properly
graded soil-aggregate mixture therefore densifying the soil. The engineering qualities

of the soil can also be improved by using geotextiles (Akudike, 2020).

2.3.3 Chemical stabilization

In this kind of stabilization, a chemical compound is introduced to the soil, and the
chemical composition of the compound reacts with the soil's constituent elements to
enhance the soil's qualities. Cement, lime, fly ash, and rice husk ash are the most used
elements for chemical stabilization. Other pozzolanic materials or a mixture of these
materials with the soil whose engineering properties are to be stabilized (Pushpakumara
and Mendis, 2022). The subsequent chemical reactions are what lead to the soil’s
engineering properties improving. For a given type of soil, there may be more than one
potential stabilizer that can be used, however there are some general rules that make
certain stabilizers more desirable based on soil properties such as the granularity,
fluidity, or texture of the soil. Traditionally, the 2 mostly used chemical stabilizers are

cement and lime (Stakland, 2010).

2.3.4 River sand as a soil stabilizer

The coarser sand admixture particles replace the finer soil particles in accordance with
stabilizing processes used to improve the soil. Because the sand particles are angular
in shape, this produces a regular gradation of particles in the soil and a composite mix

that is cohesive and frictional (Karimi, 2011). They will make it possible for the fine-
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and coarse-grained particles to adequately interlock, resulting in a homogeneous

mixture (Washino et al., 2023).

The following percentages of river sand were applied to the soil in a series of laboratory
tests: 4.68%, 10.16%, 24.6%, 35.84%, and 56.9 by Hussein. The experimental results
demonstrated a considerable improvement in reducing the swelling potential of
expansive clay soil reinforced with sand since the plasticity index decreased from 25%

to 18% (Hussein, 2021).

Another researcher experimented with expansive soils by stabilizing it using sand and
cement. Minimum amounts of 2% cement and 10% sand were added to the soil at
intervals of 10% to 30%. According to the CBR test results, the value of the CBR

decreased by 20% and increased by 30% (Nigitha and Prabhanjan, 2022).

2.3.5 Sawdust ash as a soil stabilizer

Sawdust ash is one type of biomass waste ash (SDA). In technical terms, sawdust, also
known as wood dust, is a waste by-product produced during woodworking processes
such as sawing, milling, drilling, and sanding of timber in the timber industries that
process timber to supply various related manufacturing industries. When trees are cut,
we usually obtain around 78% of their weight; sawdust makes up the remaining 22% of
the entire weight of the trees. While sawdust can also be used to make wood pulp,
compost, charcoal briquettes, and fuel, particle boards are the main usage for it
(Jamaluddin and Munirwan, 2022). They are also employed in sawdust burners in
sawmills, where they are produced in large quantities, to provide heat for milling

processes. Wood ash, or SDA, is the final product that is produced (WA) (James, 2019).
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SDA has been used in concrete manufacturing and, more recently, in stabilization of
soil. A number of researchers have investigated the use of SDA alone as a stabilizer and
in conjunction with primary binders such as lime and cement. Several researchers have
examined the geotechnical characteristics of burnt clay bricks, highway subgrade
stabilized with SDA (Shawl, Praksh and Kumar, 2017). However, because of its high
siliceous content, others suggest that that SDA is a pozzolanic material. A pozzolan is a
finely divided siliceous or aluminous substance that, when combined with calcium
hydroxide and water, generates cemented products (Makusa, 2012). Therefore,
according to them, it is important to use the saw dust ash combined with a granular

material to improve the engineering properties of the soil.

John Bosco Niyomukiza conducted systematic experimentation and found that when
different amounts of sawdust ash (from 0% to 10%) were added to the soil matrix, the

soil's engineering qualities improved (Niyomukiza, Wardani and Setiadji, 2021).

With higher percentages of SDA, there was a steady increase in values for the California
Bearing Ratio (CBR), with the maximum CBR value of 14.4% occurring when 6% SDA was
used. The Kitgum region of Uganda's ideal SDA concentration for soil stabilization is
found to be 6% based on this data. In addition to providing a sustainable solution that
takes into account both the economic and environmental issues in construction
practices, this research makes a significant contribution to the field of soil stabilization

(Raheel, 2017).
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Therefore, there is need to study the use of both river sand and saw dust ash in the
stabilization of expansive soils since they both show potential to greatly improve the

engineering properties of the soil.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction

This chapter provides an explicit description of how the study was conducted. Not much
literature has been done on the use of river sand and sawdust ash as a stabilizing
material of expansive soils. Hence in the present study an attempt was made to
proportion river sand and sawdust ash stabilized soils with an objective of obtaining a
cost-effective mixture that is suitable to be used as a subgrade material where the river

sand is abundantly available.

The tests were carried out in accordance to BS 1377 from Stirling laboratory located in
Malaba. Tests were initially carried out on the neat soils which is the un-stabilized soil
sample, on the stabilization materials which are river sand and sawdust ash and finally
on the stabilized soil sample which comprises of the neat soils and varying percentages

of river sand and sawdust ash added to the soil these were varied by weight.

The tests were carried out according to the methodology in order to determine the
physical and engineering characteristics of the different combinations discussed as

follows;

3.2 Materials

3.2.1 Neat soil

The materials used in this study were the weak subgrade soils, river sand and sawdust
ash. The weak subgrade soils were obtained from Kisamba Road in Busunjju which
passes through a low land in a swampy area. The neat soil was collected as a disturbed

sample at a depth of no less than 1 meter along the road, chainage 00+29km left hand
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and 00+35 km on the right side of the road. The sample was collected in disturbed
conditions to be used mainly for classification tests and compaction tests. In sample
collection spades were used and the sample was placed in airtight sacks in its disturbed
state. It was then transferred to the laboratory for testing. For consistency in results
the tests were carried out in duplicates. The sample was greyish in color with very fine
particles. Labels were placed on it to indicate the sampling date and soil description

then it was left outside for air drying.

3.2.2 River sand
It was obtained from Lwera and placed in sacks to prevent any kind of contamination

from the atmosphere and then transported to the laboratory for testing.

3.2.3 Sawdust ash

Sawdust ash is made of particles that are loose from wood that is burnt to form ash at
temperatures of about 500 degrees under controlled conditions to ensure that all the
organic matter has been removed from it. It was ensured that the ashes were able to
pass the 0.075mm sieve ad then stored in airtight containers to prevent any moisture

loss or gain and any form of contamination.

3.3 Sample preparation

Sampling

Having air dried the soil sample collected. Here representative sample of the neat soil
was collected in the lab using a riffle box and the processed for testing. To thoroughly

mix the sample, two riffle boxes were used and the sample allowed to run through a
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splitter. The riffle box is constructed in such a way that it evenly separates the

materials. The samples attained here were the ones used for testing.

3.3.1 Particle size distribution
This is carried out with reference to BS1377: Part 2: 1990 which calls for using both

dry sieving of the coarse fraction and sedimentation analysis.

This analysis was done to find out how much of the grain sized particles were in the
soil. Sieve analysis was used to assess the distribution of larger, coarser particles. The
distribution of various finer clay and silt particles affects the engineering qualities of
soil. Wet sieving was first carried out by washing the sample as it passes through BS
sieve No. 200, the retained sample was then be oven dried and allowed to pass through
the remaining sieves as the percentage retained is recorded. This test was carried out

on the neat soil, on the river sand and on the stabilized soil (Astm, 2021).

Data analysis

To obtain the sample retained on each sieve the weight of each of the sieves;

sample retained
= weight of the sieve with the sample

— weight of the sieve without the sample

The total of these retained masses roughly matches the initial mass of the sample.

To obtain the percentage retained on each sieve this was obtained by dividing the

weight retained by the initial sample mass expressing it as a percentage.
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) mass retained
percentage retained = —— x 100
initial sample mass

To obtain the cumulative the retained percentage is subtracted from 100%. This is

important to determine the percentage passing each.

3.3.2 Moisture Content

This was carried out with reference to BS1377: Part 2: 1990 to determine the natural
moisture content in a soil sample. To increase accuracy, it was done in triplicates. The
weight of three empty containers was first obtained and then a freshly obtained sample
was placed on each of the containers and the weight measured. The containers with
the sample were then placed in the oven for 24 hours to dry the soil sample. Then the

resulting weight for each of them was measured and recorded.

To calculate moisture content, the weight of the sample placed on the container before
oven drying was subtracted from the weight of the container to obtain the weight of
the wet soil sample. Then the result of this was then divided by the weight of the dry

soil sample.

Moisture content

_ weight of the sample placed on the container before oven drying — weight of the container

~ weight of the sample placed on the container after oven drying — weight of the container

3.3.3 Atterberg Limits
The fundamental gauge of a fine-grained soils is the Atterberg limits. Depending on the
amount of water in the soil, it can exist in one of four states: solid, semi-solid, plastic,

or liquid. A soils engineering properties vary as it changes from state to state. This is
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due to the soil’s consistency. Therefore, the boundary between each condition can be
identified by a change in the soil's behavior. In addition to differentiating between clay
and silt, the Atterberg limits can be used to discriminate between different silts and
clay kinds. These are the liquid limit, shrinkage limit and plastic limit. These tests will
be carried out on the neat soil and on the stabilized soil to be able to show the change

in the values obtained.

3.3.3.1 Liquid limit

This was carried out with reference to BS1377: Part 2: 1990 where 200g of air-dried
soil sample was passed through a 425-m sieve and obtained for testing using cone
penetration test. Water was added to the sample to obtained the reading for the dry
side. The procedure repeated with varying amounts of water added for the wet side
too. The relationship between the penetration of the cone and the corresponding
moisture contents obtained was plotted. The liquid limit of the soil was determined to

be the water content that corresponds to 20mm reading on the graph.

3.3.3.2 Plastic limit

This was carried out with reference to BS1377: Part 2: 1990. The plastic limit is the
water concentration at which soil begins to behave plastically. The proportion of the
material that could pass through a sieve with a 425 m aperture, which was initially used
to calculate the liquid limit, was also used to calculate the plastic limit. Hands were
used to mold a sample as water is added to it. The sample was rolled until it attains a
3mm thickness and began to crack. The weight of the rolled samples placed on a mold

was recorded and the sample was then oven dried for 24 hours. The final weight after
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oven drying was also noted and the water added was calculated and recorded as the

plastic limit.

3.3.3.3 Plasticity index
The difference between the liquid limit and the plastic limit was calculated as the

plasticity index.

Plasticity index = liquid limit — plastic limit

3.3.4 Proctor compaction test

This was carried out with reference to BS1377: Part 4: 1990 where a proctor mold was
used. The sample was placed into the mold in five layers with each of the layers
receiving 27 blows from a 4.5 kg rammer. Having completed the test, the sample was
removed and oven dried for a period of 24 hours. The weight of the dry sample was
recorded and the dry density was calculated for the corresponding moisture content.
This was repeated several times and a graph is plotted of dry unit weight and water
content. From the curve attained, the optimum moisture content was determined

which gives a maximum dry density.

3.3.5 California bearing ratio

This is carried out with reference to BS1377: Part 4: 1990 and must comply with
AASTHO, which requires that the sample is disturbed and using the optimum moisture
content from the proctor test a sample was prepared in a mold and compacted. The
sample was then soaked in water for four days after which its surface was dried and
prepared for penetration. The CBR machines obtained the penetration levels and

therefore, the CBR value of the soil determined. The swell was also attained after the
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four days of soaking. This test was carried out on the neat soil and on the stabilized soil

it will be carried out in order to show the change in the values obtained.

3.6 Chemical tests

3.6.1 X-ray florescence test

This was carried out with reference to ASTM D5381-93 (2021) to be able to obtain the
chemical composition of the saw dust ash. This was first initially burnt under controlled
conditions of about 320 to 350 degrees. The saw dust that is burnt but not under
controlled conditions forms ash with low silica content in it. It was ensured that dust
was formed therefore increasing the surface area for chemical reaction between the
saw dust ash and the neat soil. About 15g of uniformly fine saw dust ash were weighed
and placed in a plastic cup with a support film made of plastic to ensure that the surface
for analysis is flat and is correctly placed in line of view with the x-ray. They were then
finely crush to ensure that voids are thoroughly removed and the particles are
homogeneous. Then the chemical composition obtained and recorded. The composition
and properties of the ash obtained largely depend on whether or not the saw dust was

fully burnt to form ash.

3.7 Strength tests

3.7.1 Unconfined Compressive Strength
The Unconfined Compression Test is a strength test carried out in the lab. It shows

the maximum axial force that a soil sample can withstand under zero confinement.

When carrying out the UCS test, plates on which the sample is to be tested are

cleaned and then subjected to a continuous load at 0.5 MPa/s until 1.0 MPa/s until
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the sample was seen to fail. The values of the normal force and resultant shear stress

were noted and recorded.

3.7.2 Direct shear box test (BS 1377-7 1990)
Objective
The direct shear test shows the relationship between the shear stress and the normal
stress that is applied that would cause the soil to fail. Its main objective is to
determine the cohesion and angle of friction of the soil.
Main Principles
A square prism of soil was restrained laterally and a force was applied along the
horizontal plane and a pressure at the top normal to the prism. The horizontal force
caused the sample to shear along the horizontal plane and the resistance recorded in
intervals. When the maximum resistance of the shear was attained, then the sample
was seen to fail.
Three tests are carried out on the soil sample subjected to a normal pressure and the
shear stress at which the soil fails was attained. From the results obtained, a graph of
shear stress against normal stress was plotted and the cohesion obtained as the point
where the line of best fit meets the y-axis. The angle of friction was also attained.
The relationship between the angle of friction 6 and the cohesion of the soil directly
proportional.

T =C + atan6
Where C is the cohesion

6 is the angle of friction.
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CHAPTER FOUR: RESULTS AND DISCUSSIONS

Objective one: To determine the engineering properties of the neat soil.

4.1 Introduction

This chapter examines and discusses the findings from the various tests and
investigations carried out in a laboratory setting for both stabilized and non-stabilized
soil samples. The tests include the Atterberg tests and sieve analysis for soil
classification; proctor compaction and California bearing ratio tests (CBR) for strength;

and the Unconfined Compressive Strength test (UCS) for durability.

The results were compared to the standard values specified by AASHTO and the Ministry

of Works' 2005 General Specifications for Roads and Bridges.

4.2 Classification of un- stabilized soils

4.2.1 Physical property of the soil sample.

The soils were analyzed at the Stirling Laboratory in Malaba, Mukono, after being
collected from Kisamba Road in Busunjju. The soil was greyish in color and several tests
were carried out on it and these include; particle sieve distribution, Atterberg tests,
compaction tests and CBR test. The characteristics of the neat soils in the analysis are

displayed in the table below.

Table 1: Summary of test results in accordance with BS1377: Part 2 :1990 and BS1377:

Part 4 1990

LL% |PL% |PI% LS % | Soil GM Compaction CBR % | CBR

class Swell
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50.6 |20.2 |30.5 |15 A-7-6 | 0.678 | MDD OMC 6 1

1.807 | 14.4
4.2.2 Engineering properties of neat soils.
4.2.2.1 Particle size distribution
Table 2: Summary of PSD results for neat soil
Sieve sizes | 63 37.7 20 5 2 0.425 0.075
Percentage | 100 100 100 99 99 92 57

passing (%)

A graph of percentage passing against sieve sizes
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Figure 3: Shows PSD of the soil

According to USCS soil composition analysis, the sample had 43% coarse grained

particles, and 57% fines (with 57% passing through a 0.075 mm screen). The gradation
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is primarily composed of silt and clays, as indicated by the significantly high
percentages which can be justified from its location where it was obtained in a swampy
area. The numerous fine particles in the soil are a reason to the swell and shrinkage
properties of the soil since fine grained soils tend to be more sensitive to water content,
hence referred to as cohesive soils. Also, the distribution of these particles in the soil

indicates a lot about the strength properties of the soil.

From the graph, it can be observed that majority of the particles of the expansive soils
are small in size since their distribution range is mainly between 0.075mm and 1mm
sieve sizes and this is why there is a gradual increase in the curve initially before it
becomes constant. Hence comprises of mainly silt, clay and some small sand and since
most of the grains are almost the same size, then the soil is poorly graded as the one

shown in figure 2 below.
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Figure 4: Shows curves for well graded soils
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However, for a soil sample to be well graded it should consist of particles distributed
over a wide range hence consists of both coarse-grained particles as well as the fine-
grained particles to fill in the voids that would be cause by the larger particles hence
resulting into a material of high density, and increased strength, therefore good

engineering properties.

Also, based on the collected results, the soil's grading modulus was determined to be
0.678. The soil's grading modulus shows whether the uniform distribution of particle
sizes or a wider range of particles fall into the gravel range. However, the Ministry of
Works states that a subgrade material must have a minimum of 1 and a subbase material

must have a minimum of 1.5.

4.2.2.2 Atterberg limits

A graph of cone penetration against moisture content
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Figure 5: Shows a graph of cone penetration against moisture content
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The liquid limit of the neat soil was found using the cone penetrometer test. The liquid
limit was obtained at 20 mm penetration of the sample in the cone as shown in figure
2 and found to be 50.6%. The plasticity index which was the difference between the
liquid limit and the plastic limit, was determined to be 30.5%. The plasticity chart
showed that the soil had a high plasticity. This indicates a highly plastic clay with
significant potential for shrinkage and swelling. This analysis reveals that the soil
exhibits a notably high degree of plasticity. Given the plasticity index of 30.5%, it is

evident that the soil’s potential for swelling is extremely high.

Based on the findings from the particle size distribution and the Atterberg tests, the
neat soils from the study are classified as poor soils, which fall under the A-7-6 category
for both sub-grade and sub-base materials because they have a proportion greater than
35% passing the sieve No. 200, according to the AASHTO soil classification for highways
(1967) hence indicating that the sample is dominated by fines group of silt clay
materials. Subgroup A-7-6 includes those materials with high plasticity indexes and
relation to liquid limit, those which are subject to extremely high-volume changes. This

confirms the soil's poor drainage and low bearing capacity.
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AASHTO soil classification chart

Table 1—Classification of Soils and Soil-Aggregate Mixtures

Granular Materials Silt-Clay Materials
General Classification (35 Percent or Less Passing 75 pum) (More Than 35 Percent Passing 75 pm)
Group Classification A-1 A-37 A2 A4 A-5 A-6 AT
Sieve analysis, percent passing:
2,00 mm (No. 10) — — — — — — —
0.425 mm (No. 40) 50 max 51 min — — — — —
75 pm (No. 200) 25 max 10 max 35 max 36 min 36 min 36 min 36 min
Characteristics of fraction passing 0.425 mm (No. 40):
Liquid limit — 40 max 41 mm 40 max 41 min
Plasticity index 6 max Nonplastic 4 10 max 10 max 11 min 11 min
oP)
General rating as subgrade Excellent to Good Fair to Poor
The placing of A-3 before A-2 is necessary in the “left to right elimination process” and does not indicate superiority of A-3 over A-2
?  See Table 2 for values.
Table 2—Classification of Soils and Soil-Aggregate Mixtures
Silt-Clay Materials
Granular Materials (More Than 35 Percent Passing
General Classification (35 Percent or Less Passing 75 um) 75 pm)
A-1 A-2 A-7
A-7-5,
Group Classification Ala | Alb | A3 A24 | A25 | A26 | A2T7 | A4 A5 A6 A-T-6
Sieve analysis, percent passing:
2.00 mm (No. 10) 50 max — — — —_ —_ —_ — — —_
0.425 mm (No. 40) 30max | S0max | 51min — — — — — — —
75 pm (No. 200) 15max | 25max | 10max | 35max | 35max | 35max | 35max | 36mm 36 min 36 min 36 mn
Characteristics of fraction passing 0.425 mm (No. 40):
Liquid limit — — 40 max 41mm | 40max | 41mmn | 40max | 41min | 40 max 41 mn
Plasticity index 6 max NP 10 max 10 max 11 min 11min | 10max | 10max 11 min 11 min®
Usnal types of significant constituent materials Stone fragments, Fine
gravel and sand sand Salty or clayey gravel and sand Silty soils Clayey soils
General rating as subgrade Excellent to Good Fair to Poor

@ Plasticity index of A-7-5 subgroup is equal to or less than LT — 30. Plasticity index of A-7-6 subgroup is greater than LI — 30. (See Figure 2.)

Figure 6: Shows a graph of cone penetration against moisture content

Having classified the soil using USCS with more than 50% passing sieve No. 200, the soil

sample is classed as CH soils which are inorganic clays with high plasticity of 30.5% and

since it is above the A line on the soil classification chart as shown below. Plotting the

full Casagrande plasticity chart revealed that every soil located between the A and U

lines falls under the clay boundaries. CH soils present challenges for engineering

projects.
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USCS soil classification system chart
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Figure 7: Shows USCS soil classification chart

Since the liquid limit of the neat soil was 50.6% this indicates that the soil sample is
weak. It also exceeds the requirement liquid limit which id 41% and can therefore not
be used as a sub-grade material unless it is stabilized. The plasticity index was 30.5% it
is above the required which is supposed to be <41% and <25% respectively to meet the
standards. This shows the soils contained a lot of the clay and are highly plastic
therefore, not suitable for use as a subgrade material. Madedor (1983) recommended

that linear shrinkage should be less or equal to 10% for subgrade soils however, for the
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analyzed sample, the linear shrinkage was found to be 15. The soil is therefore not

suitable to be used as a subgrade material.

When a material is clayey, there is need to determine the group index, Gl before
stabilization of the soil for use as a subgrade material. Therefore, to obtain the Gl the

following equation was used; Where F is the percentage fines that pass sieve No. 200
GI = (F —35)[0.2 + 0.005(LL — 40)] + 0.01(F — 15)(PI — 10)
GI = (57 —35)[0.2 4+ 0.005(50.6 — 40)] + 0.01(57 — 15)(30.5 — 10)
Gl =9

However, according to the standards, the group index of the soil standards indicates

the soil type as the follows to be used as a subgrade material.

Table 3: Standard ranges for Gl values

Type of subgrade soil Group index
Good 0-1

Fair 2-4

Poor 5-9

Very poor 10-20

Since the GI = 9 therefore the soil is a poor and therefore needs to be stabilized to

improve it.
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Linear Shrinkage of 15.0%: This further confirms the high plasticity, exceeding the
typical limit of 8% for acceptable construction soils. A Linear Shrinkage of 15.0% lies

within the marginal chance for cracking due to swelling and shrinking.

The material therefore does not meet the requirements for construction of a subgrade

layer on the road according to the Ministry of Works, Housing and Communication,
General Specifications for National Roads of 2004 in reference to Atterberg limits.

4.2.2.3 Compaction test

This test was performed to obtain the optimum moisture content and the maximum dry
density of the soil. The Maximum dry density was determined to be 1.807 g/cm? while
the optimum moisture content was 14.4%. This implies that since the value of the MDD
is small, more water is still present in the soil sample which contributes to swelling and

settlement of the natural soil as shown the figure below.
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Figure 8: Shows a graph of dry density against moisture content
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OMC is the moisture content at which the soil can be compacted to achieve the
maximum dry density which is the maximum mass of the soil that can be compacted to

a unit volume of soil.

4.2.2.4 California Bearing Ratio (CBR)

This test was carried out in accordance with the BS 1377: Part 4: 1990. Its main
objective was to determine the strength of the subgrade materials to be used in the
road pavement. The sample was first soak for four days before the test was carried out.
The CBR value of the neat sample was found to the 6%. However, based on Asphalt
Institute (1962), the soil is very poor when the CBR is 0-3, poor to fair when the CBR is
3-7, fair when the CBR is 7-20 and good when the CBR of the soil is 20-50. The soil
sample analyzed indicated the soil is poor to fair basing on the CBR value since it has a
low CBR value and yet the higher the CBR value the stronger the soil. This CBR value
indicates that the soil has a low bearing capacity and is therefore, incapable of bearing

heavy traffic loads.

Also based on the MoWT (2005), the minimum standard required CBR value after the 4
days is expected to be above 15 for a suitable subgrade material, however, the sample
under analysis was found to have a CBR value of 6. It therefore, cannot sustain traffic

on the road.

From the analysis carried out, there is need for stabilization of the soil to improve its

engineering properties.
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4.3 Engineering properties of river sand and sawdust ash

4.3.1 Chemical composition of saw dust ash

Table 4: SDA chemical composition

Chemical composition Percentage composition
Silicon dioxide 67.87

Calcium oxide 10.47

Aluminum (lIl) oxide 8.63

Iron (Ill) oxide 4.54

Manganese (Il) oxide 4.53

Potassium oxide 2.80

Phosphorus pent oxide 0.19

Titanium dioxide 0.07

According to the above table, which shows the chemical composition analysis, SDA is a
viable pozzolanic material since it has a significant amount of silica (67.87%), ferric
oxide (4.54%), and alumina (8.63%). Materials are categorized as pozzolans when the
combined percentage of silica, ferric oxide, and alumina is beyond 70%, according ASTM
C 618-15 criteria. The total percentage of these components in the context of this
investigation is 81.04%. This description clearly designates SDA as a pozzolanic
substance, indicating its possible use in stabilizing soil. There is also no particular value
for the amount of calcium oxide that needs to be present in a sample for it to be

pozzolanic however following the ASTM standard, for the sample or material to be
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called a pozzolan, it should have the following characteristics as seen in the table
below.

Table showing types of pozzolans in accordance to ASTM C618

Properties Class N type Class F type Class C type
pozzolan pozzolan pozzolan

Min. Si0; + Al,O3 + Fe,0 70.0 70.0 50.0
(%)

Max. Sulfur trioxide (SO3) 4.0 5.0 5.0
(%)

Max. Na50 + 0.658 K>0 1.5 1.5 1.5
Max. loss on ignition 10.0 6.0 6.0

Figure 9: Shows requirements for a pozzolanic material

4.3.2 Physical properties

Appearance

Saw dust ash has a white color which indicates that there is low amount of carbon in
the ash hence indicates the presence of amorphous silica in the ash. It is therefore

pozzolanic in nature.

4.3.3 Specific gravity of saw dust ash
Research by Naik et. al (2017) shows at saw dust ash has a specific gravity that ranges
between 2.27 and 2.60. He also noted that the unit weight of the saw dust ash ranges

between 162 and 2376 kg/m3.
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4.3.4 XRF test for neat soil
Chemical composition of neat soils

Table 5: Neat soils chemical composition

Chemical composition Percentage composition
Silicon dioxide 41.50

Calcium oxide 19.85

Manganese (Il) oxide 15.45

Aluminum (lll) oxide 10.9

Iron (Ill) oxide 8.78

Potassium oxide 1.25

Phosphorus pent oxide 1.05

Titanium dioxide 0.02

The XRF test was also carried out for the neat soils and the results also indicate high
amounts of silica, alumina and calcium oxide and therefore the soil contains high
amounts of clay in it. The clays in the soil accompanied by the high plasticity index
which is 30.5% which is above the required which is supposed to be 25% and the high
liquid limit that is 50.6% which is also above the required indicate the expansive nature
of the soil. The soil swell also indicates that it has the ability to take in water and retain
it for a long time and thereby increasing in volume. Also, according to literature,

montmorillonite clay has about 49.40% silica, 19.70% alumina and 1.50% calcium oxide
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which were the major components of the soil (Alfard, 2019). The soil was therefore

containing clayey soils and is therefore expansive in nature.

4.3.5 The swelling action of the soil

The clay mineral with the ability to swell is montmorillonite clay mineral, which easily
takes in water and the swelling effect is brought about when a double layer is formed
(Norrish, 2019). This explanation was backed up by (Teich-McGoldrick et al., 2021) who
explained the structure of montmorillonite clay. It contains an octahedral structure
sandwiched between two tetrahedral structures and they are held together by weak
forces of attraction. Therefore, due to this they easily allow in water and this wate
further separates the weak bond and displaces the sheets and hence causing the
increase in size or swell. On loosing water, these soils tend to reduce in size and hence

shrink. This is what brings about the cracks.

4.3.6 Specific gravity test on river sand
The specific gravity of the a given material shows the ratio f the mass of the sample to
its unit volume at a given temperature. The specific gravity was carried out at a

temperature of about 20 degrees.
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4.4 Variation in strength values with different mixes

4.4.1 Effect of river sand and aw dust ash n the Atterberg limits of the soil

Table 6: Summary of Atterberg limit values

Percentage variations | LL (%) Pl (%) SL (%)

0% river sand and 12% | 26.5 9.1 9.1

saw dust ash

15% river sand and 9% | 24.8 7.0 7

saw dust ash

30% river sand and 6% | 24.2 6.4 6.45

saw dust ash

45% river sand and 3% | 23.3 5.3 5.25

saw dust ash

60% river sand and 0% | 22.8 Non-Plastic Non-Plastic

saw dust ash
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4.4.1.1 Liquid limit
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Heat sample 0% river sand and  15% river sand and 30% river sand and 45% river sand and &0% river sand and
12% saw dust ash 9% saw dust ash &% saw dust ash 3% saw dust ash 0% saw dust ash
Percentage variatrions

Figure 10: Shows a graph of liquid limit against percentage variations

The above table indicated the results of the Atterberg limit values when different
percentages of saw dust ash and river sand are added to the neat sample. There is a
notable decrease in liquid limit value from 50.6% to 22.8%. this is attributed to the
decrease in the affinity for water when the soil sample contains more river sand which
is non plastic in nature and less saw dust ash is added to the soil and therefore reduces
the liquid limit of the soil and its plasticity. Due to this reduction in the liquid limit

value, this leads to a reduction in the swelling characteristics of the soil.
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4.4.1.2 Plasticity index

35

Plasticity index (%)
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Heat sample 0% river sand and  15% river sand and 30% river sand and 45% river sand and 60% river sand and
12% saw dust ash 9% saw dust ash &% saw dust ash 3% saw dust ash 0% saw dust ash

Percentage variatrions
Figure 11: Shows a graph of plasticity against percentage variations

The Pl decreased from 30.5% to 5.3% with increasing percentage of the river sand added
to the soil and reduction in saw dust ash is attributed to the non-plastic nature of the
sand. As the amount of river sand added in the sample increases, the sample becomes
harder to roll into the threads of 3mm diameter as the test is carried and therefore the
sample with more amounts of river sand and less saw dust ash, that is 60% river sand

and 0% saw dust ash, has the lowest plastic limit value as 5.3%.
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4.4.1.3 Linear shrinkage

Linear shrinkage (%)
8 e = o
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Heat sample 0% river sand and  15% river sand and 30% river sand and 45% river sand and &0% river sand and
12% saw dust ash 9% saw dust ash &% saw dust ash 3% saw dust ash 0% saw dust ash
Percentage variatrions

Figure 12: Shows a graph of linear shrinkage against percentage variations

There is a notable decreasing trend in the LS value which increase in the river sand
added to the soil which is from 50.6% and on addition of 0% river sand and 12% saw dust
ash it reduces significantly until it is non-plastic on addition of 60% river sand and 0%
saw dust ash. This is due to the addition of a mechanical stabilizer which is granular in
nature. When added to the expansive soil which mainly comprise of the fines, the fines
fill the voids and occupy most of the void. Few of these are left, allowing a reduction
in the water intake and therefore it is noted that as more sand is added to the soil,

there is less shrinkage in the sample since there are less fines which can hold the water.
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4.4.2 Effect of river sand and saw dust ash on proctor values of the soil
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Figure 13: Shows a graph of OMC against percentage variations
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Percentage variatrions

Figure 14: Shows a graph of MDD against percentage variations
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From the graph there is a decreasing trend in the OMC but an increasing trend in the
MDD for the varying percentages of river sand and saw dust ash added to the soil.

Increasing the river sand used led to an increase in the MDD of the soil from 1.667g/cm3
to 1.898g/ cm3 since this increased the coarse fraction of the soil and therefore there
was an improved size distribution in the soil which occupies a wider range. The particles
of the river sand are angular shaped interlocking with the soil particles which comprise
of the fines. These fines fill the voids and hence lead to formation of a densely packed
soil sample. Therefore, the more river sand added to the soil, the less the fine particles
in the soil hence an increase in the MDD and a reduction in OMC from 18.2% to 8.1% due

to the same effect.

4.4.3 Effect of river sand and saw dust ash on CBR values of the soil
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Heat sample 0% river sand and  15% river sand and 30% river sand and 45% river sand and 60% river sand and
12% saw dust ash 9% saw dust ash &% saw dust ash 3% saw dust ash 0% saw dust ash

Percentage variatrions

Figure 15: Shows a graph of CBR against percentage variations
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From the graphs shown above, the CBR value of the stabilized expansive soil sample
with varying percentages of river sand and saw dust ash varied as shown above indicates
and increase in the CBR value of the soil from 8% to 38%. CBR is the strength property
of the soil. This increase is attributed to the river sand which when added improves the
gradation of the soil hence reducing percentage fines and this river sand is bonded to
the soil particles strongly by the saw dust ash which is pozzolanic in nature. The
amorphous silica and calcium oxide in the saw dust ash give it the pozzolanic properties,
whereby the calcium oxide from the saw dust ash reacts in the presence of water with
the silicates and aluminates in the soil and saw dust ash to form cementitious materials
which is in form of a gel hence binding the particles together. However as seen from
the graph above, with addition of 30% river sand and 6% saw dust ash the CBR value is
lower because increase in the saw dust ash adds excess fines in the soil and therefore

making the soil less strong.

4.4.4 Effect of river sand and saw dust ash on UCS values of the soil
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A graph of UCS against percentage variations
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Figure 16: Shows a graph of UCS against percentage variations

The compressive strength of the soil increases with increase in river sand and saw dust
ash this is because the addition of the two improves the gradation of the soil. The UCS
value is seen to attain the maximum value at 45% river sand and 3% saw dust ash. Here
the sample was able to attain an increased compaction the saw dust ash played a very
important role in this case in that it helped in proper bonding of the particles together.
At 60% river sand and 0% saw dust ash, the UCS value was seen to decrease and this is
because the particles of the soil could not remain effectively bonded together.

Therefore, causing the decrease in the shear strength.
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4.5 DESIGN MATRIX

Table 7: Mix design for stabilized sample

100 | O 0 50.6 |20.1 |30.5 15 [1.807 |14.4 |6 1

88 |0 12 265 [17.4 |9.1 5 1.667 |18.2 |8 0.65 |0.11
76 |15 9 248 |17.7 |7.0 3.6 | 1.682 |18 9 0.6 0.14
64 |30 6 242 | 17.8 |6.45 3.2 [1.819 |12.5 |20 [0.33 |0.19
52 |45 |3 23.3 |18 5.3 2.7 | 1.857 |10.4 |24 |0.46 |0.21
40 |60 0 23.0 NON-PLASTIC 1.4 | 1.898 | 8.1 38 |0.16 0.12

4.6 Optimum mix of river sand and saw dust ash added to the soil.

The optimum mix attained was 45% river sand and 3% saw dust ash which gave the best

engineering properties of the soil. The river sand added to the soil, improved on the

gradation of the soil since it has angular shaped particles that interlock with the weak

soils. The saw dust ash acts as a chemical stabilizer to improve on the bonding of the

soil.

Table 8: Obtained values and standard values

Soil properties Value obtained Standard
Liquid limit 23.3 <41
Plastic index 18 <25
Shrinkage limit 1.4 <8%

CBR 24% <15%
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From the results obtained, the swelling potential of the soil reduced which means the
soil swells less, also the Atterberg limits reduces and they therefore do not take in a
lot of water. Therefore, the stabilized soil with 45% river sand and 3% saw dust ash is
an optimum mix design to use since it gives the values that fit within the standard to
be used as a G15 subgrade material.

4.6.1 Particle size distribution of the optimum soil sample attained.

For 45% river sand and 3% saw dust ash.

Table 9: PSD for optimum mix design ratio

Sieve size 63 37.5 |20 5 2 0.425 0.075

Percentage passing | 100 [ 100 | 100 98.8 96.8 76.3 26.4

A graph of percentage passing against

sieve sizes
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Figure 17: Shows a graph of percentage passing against sieve sizes
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Having analyzed these results, the sample comprises of 26.4% fines and 73.6% coarse
grained particles, hence resulting in a coarse-grained soil as evidenced by more
particles in the coarse fraction being present in the soil sample. The numerous coarse
particles in the soil are a reason for the reduction in the swell properties of the
stabilized soil sample since the samples are no longer sensitive to water and are more
cohesionless. Also, the distribution of these particles in the soil indicates a lot about
the strength properties of the soil.

From the graph, it can be observed that the particles occupy a wide distribution range,

between 0.075mm and 10mm and hence the soil is well graded.

Grading modulus

Also, based on the collected results, the soil's grading modulus was determined to be
1.006. The grading modulus shows whether the particles are uniformly distributed or
not. With the addition of saw dust ash and river sand as stabilizers, the GM is seen to
increase from 0.678 to 1.006 and this is because with the addition of more granular
particles, there is an increase in the percentage retained on the last sieves that is 2mm,
0.425mm and 0.075mm sieve sizes. A high GM indicates presence of more particles in
the coarse fraction. Also, the GM meets the requirements as per Ministry of Works and
Transport General Specifications which require that a subgrade material must have a

minimum of 1.
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4.6.2 Atterberg limit results.
The liquid limit of the soil sample that was stabilized with 45% river sand and 3% saw
dust ash was obtained as 23.3 after carrying out the cone penetration test. The plastic

limit was obtained as 17.8% which gives a plasticity index of 5.5%.

Classifying the soil using AASHTO

Based on the findings from the particle size distribution and the Atterberg tests, the
stabilized soils from the study are classified as a coarse-grained soil according to the
AASHTO soil classification for highways (1967) since it contains less than 35% passing
the 0.075mm sieve and therefore it comprising of mainly large particles. The stabilized
soil sample is an excellent to good clayey gravel and sand which falls under the category
of A-2-6. It can therefore be used as a good subgrade material. Subgroup A-2-6 includes
those materials with low plasticity indexes and are do not undergo high volume changes

hence have a high bearing capacity.
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Figure 18: Shows the AASHTO classification chart value
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Classifying the soil using USCS

Having classified the soil using USCS with less than 50% passing sieve No. 200, the soil

sample is classed as CL soils which are inorganic clays with low plasticity of 5.5%

USCS soil classification system chart
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Figure 19: Shows the UCS soil classification chart value

For clayey materials, determination of Gl is important to identify the change or the
improvement that has occurred after the stabilization of the soil sample. From the

equation below, the Gl was obtained where F is the percentage fines that pass sieve

No. 200
GI = (F —35)[0.2 + 0.005(LL — 40)] + 0.01(F — 15)(PI — 10)

GI = (23.7 — 35)[0.2 + 0.005(23.3 — 40)] + 0.01(23.7 — 15)(5.2 — 10)
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Gl =3

However, according to the standards, the group index of the soil standards indicates

the soil type as the follows to be used as a subgrade material.

Table 10: Gl categories

Type of subgrade soil Group index
Good 0-1

Fair 2-4

Poor 5-9

Very poor 10-20

Since the GI = 3 therefore the soil is fair and can therefore be used as a subgrade
material since it meets the requirements for construction of a subgrade layer on the
road according to the Ministry of Works, Housing and Communication, General

Specifications for National Roads of 2004.

Expansive soils that have been stabilized with 45% river sand and 3% saw dust ash with
a CBR value of 24% qualify to be G15 materials which can be used as subgrade materials

in road construction.

Therefore, according to General Specifications of Roads and Bridges by MoWT, clause
38, G 15 material can be used as an improved subgrade material of the road with the

upper layers stronger to ensure that they protect the lower road pavement layers.
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4.6 3 Shear box test

This test was carried out on the optimum mix which was 45% river sand and 3% saw dust
ash and it was done in triplicates. For the normal stresses applied which were 50, 100,
200 kPa the shear values were obtained as 38, 78 and 150 kPa respectively. A graph of
the shear strengths against the normal stresses was then plotted and the cohecion of
the soil was attained as 2kPa and the angle of friction as 36.6 degrees. This is because
the percentage of the coarse fraction was increased and therefore this plays an
important role in resisting the force that can cause particles to slide over one another

when a force is applied in the horizontal direction.

A graph of shear strength against normal stress
160
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Figure 20: Shows a graph of shear strength against normal stress

53



CHAPTER 5: CONCLUSION AND RECOMMENDATION

5.1 Conclusion
The neat soil did not meet the requirements for G15 subgrade material according to
the ministry of works general specifications for road and bridge works 2005 and

therefore they needed to be stabilized so this purpose.

The composition of the saw dust ash which was 67.86% silicon dioxide, 10.47% calcium
oxide, 8.63% aliminium oxide, 4.54% iron (lll) oxide and other trace elements was such
that the sum of the percentage of silicon dioxide, Aluminum dioxide and iron (lll) oxide
was 81.04% which was greater than 50% which implies that this sample of saw dust ash
was a class C agro-pozzolan according to the ASTM standard. The river sand also met
the standards to be used as a stabilizer since it’s grading curve was within the grading

envelope an therefore was a suitable stabilizer.

The optimum percentages for stabilization of weak subgrade soils using river sand and
saw dust ash were found to be 45% river sand and 3% saw dust ash and 52% soil in order
to achieve the properties fit for a soil of material class G15. The CBR value was obtained

as 24% conforming to the standards.

5.2 Recommendations
Stabilization of the soil with 45% river sand and 3% saw dust ash gives a UCS value of
0.21 MPA which is still below the standards, therefore further research should be

conducted on to ensure optimization of this value to meet the required standards.

In this research conducted, the saw dust ash was used as a mixture of ash from both

the soft and hard wood trees, therefore research should be done on the effect of using
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only soft or hardwood trees so obtain the effect of each on the engineering properties

of the soil.

From the research conducted, since there is an increasing trend in the UCS values of
the soil from the mix design used, and at 45% river sand and 3% saw dust ash and all the
soil parameters are within the required range except the UCS value, then a range for
the amount of river sand and saw dust ash to be added was chosen to be between 45%
to 50% river sand and 3% saw dust ash. The UCS value shows the potential to increase

to reach the standard which is 0.25 for a G15 subgrade material.
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APPENDIX A

Figure 21: Shows drying sample

Figure 22: Shows moulds soaking

61



Figure 24: Shows sample being placed in mould
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Figure 26: Shows sample being weighed
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APPENDIX B
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100 ' 100 | 100 | 100 9 | 9 S6 053 503 | 199 304 150 | 1807 @ 144 5.9 1.00 1.00 ”
100 | 100 100 99 99 92 57 0.52 508 202 306 150 - - - q - -
EXPANSIVE et |oanr F sa T han | g [ e e | B B DT a—
SoiLs 100 | 100 | 100 |99.45 99.11|91.58|56.78 0.53 | 506 | 20.1 | 30.5 | 15.0 |1.807 | 14.4 _ 6 | 1.00 | 1.00
NEAT C i D S Y N i 1
SAMPLE - 12/10/2023 — RBSRR S S S S I SR S
| = I I D O
{ |
fmm.;om ) LA mﬂmm S.a. ‘ s..L ,:ui E_% E; 144 _ 59 __I:S r&
FOR STUDENTS A
o S i M T S
|Lab Technician Y o S S ——
1 ) B . -
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INSTITUTION

STUDENTS | TESTING LAB |
R —— “ = e e—— -
UGANDA CHRISTIAN _

UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) &

At 1w b e Mot d by MCARNOLD GARRY (S20B32/033) h mﬂmq—.m:m J

PROJECT: _ ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

mc_s_s>-<0ﬂ._.mm,_. Immcrﬁwﬂoxzm>.—.g>4mz_>_.>._.zm>._. SAMPLE
| — T ) -

| GRADING ) ATTERBERG LIMITS MDD ! CBR can
LOCATION  BLENDED % U sk - ] : || ' | SWELL .
MDN_H."..MZO 63 | 375 | 20 5 2 0.425 # 0.075 GM L PL LU ) MDD  OMC Y 62 | AVERAGE|
—t——-—bAx_{ 7| T > |2 (045 y = —ee L —f—
100 ' 100 | 100 | 100 99 | o S6 053 503 | 199 304 150 | 1807 | 144 59 100 | 100 |
100 100 100 99 99 92 57 0.52 508 20.2 306 15.0 - - 1 - - -] -
100 | 200 | 300 [ssaslenialeiieloen| e oo T |
o " 100 | 100 | 100 99.45 99.1191.58 5678 053 | 506|201 305 | 150 |1.807 144 6 | 1.00 | 1.00 |
1 — : st - —_— ! _—
NEAT
. o) | || ] i -
| |
|
A N = A e e S T L —_—ttt—— ! |
] | |
i T R A f _
| AVERAGE 7 | 0525 | 506 | 202 305 150 rsq_ 184 59 | 100 | 100
| EESRCE SRR | 5 SR o 1R E i 3
FOR STUDENTS J
FOR LAB

H e

[Cab Techmician ___ 2@y

L

65




CONTRACTOR

INSTITUTION STUDENTS NAMES
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA
UNIVERSITY (S20B32/214) & MCARNOLD GARRY

e

(S20B32/033)

I Stirling l

PROJECT :

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

66

Location :(km) NEAT SAMPLE Dry wt. of sample before washing: (9) 5270
|'0epth: (m) Dry wt. of sample after washing: (9) 23223
Material Date Sampled: Date Tested Technician
description: EXPANSIVE SOILS
: 10/Dec/2023 13/Dec/2023 Lab team
8
Sleve Size (mm) | Weight Retained (g) s O8] Pasaing (%) SradiLinia S0l
63.0 0.0 0 100 100 100
37.5 0.0 00 100 80 100
20.0 0.0 0.0 100 60 95
5.0 18.3 03 100 30 65
2.00 247 05 99 20 50
0.425 411.9 78 91 10 30
0.075 1839.0 349 56 5 15
Total fines 29761 56.5
Bottom Pan 284
Extracted fines 2947.7
Total sample 52700
,Grading Modulus 0.53
100 - - = = =
90
80
70
w 60
£
Z so
a
D) ‘
30
20 =
10 - '
0
001 ‘ 1000 100 00
Diameter{mm)
FOR TESTING LA ﬁFOR STUDENTS
| S i
Lab Technx



INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA e
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stirling
A Comuen o Lacwboms o bo Vosn o Mivws ‘s208321033)

PROJECT : ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
% SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.: Lab. Refernece No.:
|Location :(km) NEAT SAMPLE Dry wt. of sample before washing: (9) 4583.7
Depth: (m) Dry wt. of sample after washing: (g) 1993.7
; Date Sampled: Date Tested: Technician
Material
des; ’l"‘; g EXPANSIVE SOILS
e 10/Dec/2023 13/Dec/2023 |  Lab team
9 i % Grading Limits (G60 & 80)
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) 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 34.9 08 99 30 65
2.00 9.6 0.2 99 20 50
0.425 331.3 7.2 92 10 30
0.075 1591.1 347 57 5 15
Total fines 2616.8 571
Bottom Pan 26.8
Extracted fines 2590.0
Total sample 4583.7
Grading Modulus : 0.52
]
100 - e

9%
80 [
70 |—
60 =
50 |-

% Passing

0 E === : = ) e : -
001 \‘Q@ 100 10.00 100,00
\€€?‘ % Diameter(mm)
o) ) :
e A
FOR TESTING {J \“\\\’:-5 ¥ FOR STUDENTS

\ ol iy,
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN . %
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & I Stlrlmg l
A Come & 11 riom @ e Vo 4 bt MCARNOLD GARRY (S20B32/033)
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
PROJECT: WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotr r) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location ‘NEAT SAMPLE Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 19904.3/4 4 Test Date 13/Dec/2023
LAYER EXPANSIVE SOILS
PLASTIC LIMIT Test No Q ™ Average
Mass of wet soil + container (g) 37.92 3479 36 355
[Mass of dry soil + container (g) 3521 3273 3397
[Mass of container (g) 2169 2226 21.975
|IMass of moisture (9) 271 21 2385
[mass of dry soit 1352 1047 11.995
[Moisture content % 20.0 19.7 199
IAVERAGE
LIQUID LIMIT Test No 1 2 3 4
initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.9 184 216 250
netration (mm) 159 184 216 250
IAVERAGE 159 184 216 250
Container No A4 P46 PP KO
Mass of wet soil + container (g) 44 80 45 46 59 68 54.43
"Mass of dry soil + container () 3270 3284 41.58 37.56
[IMass of container (g) 6.80 7.20 6.81 6.86
[Mass of moisture (g) 121 1262 18.1 1687
| [Mass of dry soil (g) 259 2564 34.77 30.7
[Moisture content (%) 46.7 492 521 55.0
AVERAGE 46.7 492 521 55.0
- Liquid Limit Determination
Liquid limit (%) 503
Plastic limit (%) 199
E Plasticity Index (%) 304
E
_§ Linear shrinkage
[
H
§
o
2
S H i LA L b LRl Trough No Y
"""""""""""""" Trough length (cm) 140
Specimen length (cm) 19
15 ' S — v :
46 47 /" 49 50 51 52 53 54 55 56 L.shringage = 21
loisture Conten
& Molsture Content % ;
& % L.shrinkage = 15.0
)

! ST}JDENTS

B
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INSTITUTION STUDENTS TESTING LAB
mma.r?m"un NAMBOOZE JUSTINE SHILLA (S20B32/214) &
dnllr el L RIS MCARNOLD GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
) WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location NEAT SAMPLE Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 1990'4.3/4 4 Test Date 13/Dec/2023
LAYER EXPANSIVE SOILS,
PLASTIC LIMIT Test No. LL 13 Average
Mass of wet soil + container 37 36.43 36715
Mass of dry soil + container (g) 34.47 34.14 34305
[IMass of container (g) 2235 2248 22405
"ﬁass of moisture (g) 253 23 241
[IMass of ary soil (g) 1212 11.68 119
[Moisture content % 209 196 202
IAVERAGE
LIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 156 18.2 213 248
penetration (mm) 15.6 182 213 248
IAVERAGE 156 18.2 213 248
[Container No 28P1 PI2H PI66 AX
[Mass of wet soil + container (g) 46.96 51.02 4960 41.19
Mass of dry soil + container @ 34.26 37.99 3501 29 02
"Mass of container (g) 695 1144 7.03 6 98
[Iass of moisture (g) 127 1303 14.59 1217
[[mass of ary soit (g) 27.31 26.55 27.98 2204
Moisture content (%) 46.5 491 52.1 552
AVERAGE 465 491 52.1 552
34 Liquid Limit Determination
Liquid limit (%) 508
23 b ! A Ly ot g ] Plastic limit (%) 202
& Ty T i Plasticity Index (%) [ 306
L T IRREUREARENDSRRINARA AN SREREYD . IRGUOERUYEER
13
H Linear shrinkage
g L i ABENE
e
& 19 1 4
2
3 IR AW SN RR SR NS E RN B Trough No Y
17 R A R Trough length (cm) 140
i Specimen length (cm) 19
46 47 -\\+48 49 51 52 53 54 55 56 L.shringage = 21
& @6 4‘ MoiMure Content % 39
7 % L.shrinkage = 15.0
)
0N STUDENTS
L2k Technigiar’
Q:
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: INSTITUTION STUDENTS NAMES TESTING LAB
Viow aRsTAN NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
s GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
[ Test Reference No. |Lab. Reference No. Date Sampled ~ Date Tested Technician
Mix NEAT SAMPLE 10/Dec/23 13/Dec/23
[Matenal description: EXPANSIVE SOILS Natural moisture (%) : 110
TEST DATA
Weight of rammer (Kg) No. of blows per layer No of layers Hsmﬂ gi drop !"L"‘L " ame of id( m _‘_ Volume of mould L@’L
45 62 5 457 152 2,305
MOISTURE CONTENT DATA
Test No. 4 2 3 % 5
Tin No. A A A A A
[Water Added cm’ 160 260 360 460 560
[Mass of Compacted soil + mould gm 6,100 6,245 6,345 6,290 6,255
gm 4,275 4275 4,275 4,275 4275
___gm 1825 1970 2070 2015 1980
cm’ 1,000 1,000 1,000 1,000 1,000
glem’ 1.825 1.970 2.070 2015 1.980
DATA FOR PROCTOR CURVE
(Container No. KT MJR B80J BBC FDC
Mass of wet soil + Container gm 2,315.0 2.300.0 2,2450 2,1450 2,310.0
Mass of dry soil + container gm 2175.0 2,1300 2,060.0 1,9550 2.0750
Mass of containet gm 800.0 790.0 800.0 805.0 8100
Mass of water added m 140 170 185 190 235
Mass of dry soil m 1375 1340 1260 1150 1265
[Moisture content % 102 127 147 165 186
Dry density g/em’ 1.656 1.748 1.805 1.729 1670
Maximum dry density (gm/cm’) 1.807 Optimum moisture content (%) 144
\
EEERNEE e e . - X
— L - 3 - - | & \\ = = s - i =) . -
1.7%0
T P4uEEEENNERNENE g
7 pd ’ 2N ENEEEE
§ 1.740 [
= I o B o e O B —— -1 Nl A
i TN HHH
§ 8 B L6 v/mEn - }
o \ - - l i
3 4
e |
1.690 /
> Iy e R LT —/ N il -y e ey - e e e —
= [ - - - X
1,640 D\
100 110 120 "‘\ 140 15.0 160 170 180 190 200
Moisture Content (%) A

Remarks:

FOR STUDENTS

Lab Technician
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Students Names

A Gy o Enwiomes o e Voo of AbAe

Institution
mr? RATAN NAMBOOZE JUSTINE SHILLA (520B32/214) & MCARNOLD GARRY
(S20832/033)

Stirling

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

SUBGRADE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
Test sample reference : __|Laboratory Reference No.: Sampling Date:  10Dec23
Location: E _ NEAT SAMPLE  |castingdate : ' B
Testing Date :  18/Dec23
te Descrintion: EXPANSIVE SOILS Technician : . Lab tcam
G E B Volume of Mould used (m’) 2305

Natural moisture of air dricd sample Volume of water added
Tin No. ACB Mass of air dricd soil () B 6000 -
Tin + air dried soil sample (¢) | 2500 - ) MDD (Mg/m’) R 1.807 S
Tin + oven dry soil sample (gi b ;204 ) . NL"E-!%) e f?, S S
Tin () T w OMC (%) B 14.4 .
Drysoilsample e | | AddedOMC | 95 f
Water(g) et 8 | | Calculated dry wtof soil (g) - 57073
IN.M.C (%) 49 Water added (g) - 45
Average (’/.) =T 4«; o " Water added (ml,)' 545
Number of blows 62 sy -
J:ﬂmbcr ofl:ycrv* - ] | s _ _ i
"Warer Content Determination Before Soaking _|After Soaking
TaeNo JCML - - FI) = ) - -
Mass of wet sample + Tare . 2();0 - 2255 - |
Mass of dry sample + Tare ¢ ¥ l‘.l723‘ - 2000 - i
Mass of Tare o jgi i 7;0. - 755 - . ool
Mass of water : e | 167 - B 25571 1 N i N N
Mass of dry sample g ) 11631 - I 1245 :- =
Water content =% 144 - 205 -
Average water Content % 144|205 | ] ]
\Density determination
Mould No AT o N b - R
[IMass of moutd + soil e o omes [ owm2e f |
Massofmoud g || en0 | em0 || B -
Mass of soil B e 4715 soo4 [ ] -
Volume of the mould cm3 2305 | 2305 o i
Moist density  gem3| 2046 2171 -
Dry density g/em3 1789 1.802 ) o
\Swell Determination
Date Iour D.Gauge Reding
[linitiat reading 96 hrs 20.15
Final reading - I 2142 o B
Height of the specimen ) 27 - i
[ leight of swell (\\C?XK B a
Swelling(W LG 100\
Observations ’Q\gg, ¥ \
SO e —
For the l,gb'\','-,xc%/ W /.'\'\ > R \ For Students

Lab_Technician ;

il
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Institution Students Names Testing Lab
UGANDA CHRISTIAN NAMBOOZE JUSTINE SIIILLA (S20B32/214) & Stirlin
UNIVERSITY MCARNOLD GARRY (520832/033) iriing
A Comerw of Lucwimar @ the owt of Al
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASII IN TIHE STABILISATION OF WEAK SUBGRADE SOILS
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference : l[abomlory Reference No.: Sampling Date 10/Mec/23 e
lLocation: Penctration Date 18/Dec/23 1
Depth . - N T Technician : Labtcam -
Fmple Description : . EXPANSIVE SOILS ) o -
Number of blows per layer 62 RN i || SRS e, S .
Pﬂb«ol’hycrs I s s i._, o o | 3 I
[Mould No o - N o = » o
_'amcuynflhel‘m--mgngA(KI:'j R s s NI ; —— s
Proving Ring Constant (KN/div.) =l L= Wo 2055 g 02052 02052
Speed : ..mm min. Top Bottom
[Penctration of Time | Reading | Force | Reading | Force
he plunger (mm) (s) *10'mm (KN) *10'mm | (KN)
o B 0 SRR | 5. . 0 00 | O 00 iy .
e T ) o oo || S | | O =
oS 2| o | o0 | 02 i - | [
i - 0TS =z .!i- 0 1 0.0 1 02 R =t = bt ol ot b
= T | A N 2 04 b | (T
_ s 7 1 02 2 | o4 = o L
SPG .. r S o B (0 SRR IER ). 8 3 06 o g A ’
1.57 o 118 2 04 3 06 A .y o B . | .
3 |2 | 3 06 4 08 i .
[ 3.5 b | 165 3 | o6 . ) B
e S —— . D B 08 S B T | . —
4.5 23 | 4 08 | 7 A | A - 3
s 236 s | 10 7 14 S . N |
- _ 35 __j2e0 ] @& | A2 | 8 16 || o i
. 7 = - —
. | 283 7 14 9 18 N |
65 ] 307 = - -
74 B 331 = B
7.5 354
!()bscrulious / o -
W, .
PR
Fortheogyicor V(0] Y/ For Students
Y NS / ]
(N W/‘
Lab. Technician 5_;«\ Milreridls, V s’\)g('\Q/
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Institution

Students Names

Testing Lab

UGANDA CHRISTIAN
UNIVERSITY

A G of Kncwtmmes i e Hasrs of Aliiis
v

NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
GARRY (520832/033)

Stirling

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference. R Pe—r— Sampling Date . 10/Dec23 :
Locaton ] conc ) o TestingDate . 'WDec23
Depth: SET SN P _|Technician _ : Labteam
Sample Description EXPANSIVE SOILS
PENETRATION vs FORCE CURVE
50
40
30
=
g
g
& | LLPer
20 | |- | L J’
"—‘ L] 82T
‘—" "’/W B
- -1
LT 1 /,/"'/
10 e - A1
L1 11
‘—’ 11— ’/V‘
. —,f’— 1]
o - ]
00
00 0s 10 15 20 25 30 3s 40 4s 50 ss 60 65 70 75 80
Penetration (mm)
62 blows
Force CBR )
Bottom | Top | Bottom Top
2.5 mm Penetration 0.6 04 5 3
5.0 mm Penetration 14 10 7 5
7+
Average y(\» J%\ 59 4.1
\{.
Retaincd CBR % N
2 S
(Observations ‘\ X )4' p— 6
:'/x @ ity /
RN £ony A
Fur}h{:})b(\ ”’\/// ?@/ For Students
. - "

Lab. Technician

Pdko
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Telephone
+256 (0) 414 250 464 (Gen)

MINISTRY OF INTERNAL AFFAIRS

DIRECTORATE OF GOVERNMENT
256 (0) 414 25
;I::u«:i)g ¢ ‘;Z‘ug ANALYTICAL LABORATORY
Websi.te P m{a g’o g Plot No. 2 Lourdel Road
: faR L Wandegeya,

P.O. BOX 105639

In any Correspondence on
Kampala - Uganda

this subject please

quote NOCE038)2024
02" February 2024

MS. NAMBOOZE JUSTINE SHILLAH AND MR Mc ARNOLD GARRY
REG NO. S20B32/214 & $20B32/033

UGANDA CHRISTIAN UNIVERSITY
P.O BOX 4,
MUKONO-UGANDA

Tel: 256-778-051449

REPORT OF ANALYSIS

Description of the Samples
One sample in a black polythene bag containing saw dust ash sample was
submitted by Ms. Nambooze Justine, on 25t January 2024, and analysed on 31¢
January 2024. A summary of the sample received is shown in table below

- 2 Description Quantity ~Assigned Lab ID
Saw dust Ash sample packed in a black Sample “A”
polythene bag. GE 038/2024

Analysis Requested
Elemental analysis

Method of Analysis
Elemental analysis was done using the XRF Method.

Resuits of Analysis
The above sample has been analyzed with the following results as below,

@ Q O C DIE
038 D24

Silicon dioxide % m/m 67.87
_Calcium Oxide % m/m 10.47
Aluminum Oxide % m/m 8.63
. Iron (lll) Oxide % m/m 4.54
Manganese (ll)Oxide % m/m 4.53
Potassium Oxide % m/m 2.80
Phcsphorous pent oxide % m/m 0.19
Titarium di oxide % m/m 0.07

Remarks o .
1. Results relate to sample analyzed and are reported as on received basis.

g oo |02y

Semalago Fredrick
Governmeni Analyst

“Go Scientific for a Safe and Just Society” ; Page 1 of 1
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRSTAN. | NAMBOOZE JUSTINE SHILLA T
u UNIVERSTY (S20B32/214) & MCARNOLD [ Stirling l
b e it GARRY (520B32/033)
SAMPLE
DISCRIPTION: [SAND Sampling Date: |14-Jan-24
SAMPLE SOURCE: |FROM LWERA Testing Date:  |15-Jan-24
|
TEST DETERMINATION OF SILT CONTET |
I
TEST METHOD ASTM C40
S.no Description Sample 1 Sample 1
1 Volume of sample Sand (V2) 78 93
Volume of silt layer + Sand
e sample(V1) 80 L |
3 Volume of silt layer (V3) 2 - 23
Percentage of silt %
4 (V3D 2.6 2.5
ol




INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA S
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stlrhng
A G o s @ e o o s (S20B32/033)
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE
PROJECT: solLs
TEST: GRADING FOR SAND
(BS 882 - 1992)
MATERIAL : _ [NATURAL SAND OPERATORS: LAB TEAM
MATERIAL STOCKPILED AT YARD FROM LWERA IN 34232
SOURCE: MASAKA TOTAL DRY WT. OF SAMPLE: ol
TOTAL WT AFTER WASHING 3398.8
SAMPLE No: SAMPLE A MOISTURE CONTENT:
MATERIAL INATURAL SAND WET OR DRY SIEVING: WET
DESCRIPTION: DATE SAMPLED: 14-Jan-24
DATE TESTED: 15-Jan-24
MAXIMUM PERCENTAGE
SIEVE SIZE WEIGHT RETAINED PERCENTA(.;/.E RETAINED DASSING BS 882:1992 Table 4. (%)
10.00 9.7 0.28 100 100
] 22.9 0.67 99 89—100
2.36 111.0 3.24 96 60 — 100
' 1.18 597.2 17.45 78 30 - 100
0.600 960.8 28.07 50 15- 100
0.300 1042.8 30.46 20 5-70
0.150 522.3 15.26 5 0-15
‘ PAN 1321
1 TOTAL 3398.8
{ : s
100 - p—— gl
5 j i/ ELES et
E : / = == / —
L2y = t ] T T g Y
e = =
| 60 - - v
{ | & = 2 7
‘ (I 50 - : ; -
‘ I . e =] e
| h = - T 7 rs re »
- e F
e / o i > : L /
20 - - - > r~
10 " > - : T
2 N F— ~ 7:7;777{&{7 - - ) T 1000
{ ) ”o 10 7 , ) A‘(G\ Sieve Aperture (mm) o
- ‘\(\‘\‘Qe
FOR TESTING LAB wfﬁ(’(@
P,
R oA
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INSTITUTION STUDENTS TESTING LAB

UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA o _ye
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stlrlmg
Aleori b Aty s (S20B32/033)
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE
PROJECT: ___SOILS
TEST: GRADING FOR SAND
(BS 882 - 1992)
MATERIAL : NATURAL SAND OPERATORS: LAB TEAM
MATERIAL STOCKPILED AT YARD FROM LWERA IN 3923.5
SOURCE: MASAKA TOTAL DRY WT. OF SAMPLE: N
SUPPLIER : STIRLING TOTAL WT AFTER WASHING 3854.9
SAMPLE No: SAMPLE B MOISTURE CONTENT:
s WET
MATERIAL  NATURAL sinp WET OR DRY SIEVING
DESCRIPTION: DATE SAMPLED: 14-Jan-24
DATE TESTED: 15-Jan-24
MAXIMUM PERCENTAGE
SIEVE SIZE WEIGH':' RETAINED PERCENTA(E‘E RETAINED PASSING BS 882:1992 Table 4. (%)
(mm) gm) . (%) (%)
10.00 13.9 0.35 100 100
5 209 0.53 99 89—100
2.36 123.7 3.15 96 60~ 100
1.18 678.5 17.29 79 30-100
0.600 1093.3 27.87 51 15- 100
0.300 1193.2 30.41 20 5-70
0.150 601.6 15.33 5 0-15
PAN 129.8
TOTAL 38549
) - Grading Curve
100

% Passing sieves,
8 8 8§ 8 8 3 8 8
R
N

100 1000
Sieve Aperture (mm)
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INSTITUTION STUDENTS TESTING LAB
oo O peRioLD Savm a8 | tirling
PROJECT P e WA Sy Ty T — |

TESTING DATE 14-Jan-24
SAND SAMPLE 1
TEST NO 1 | 2 3
WEIGT OF SAND 5383 5380 5390
VOLUME OF CONTAINER 0.27 0.27 0.27
BULK DENSITY (g/cm®) 1.994 1.993 1.996
AVERAGE BULK DENSITY(g/cm®) 1.994

s

78



INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA
UNIVERSITY (5208321214) & MCARNOLD GARRY
A Camwrs o Vvwamee « ho Vet d My (szoaszloaa)
PROJECT: ASSESSING TH.E USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
” WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
[Test Reference No.. [Lab. Reference No.- Technician: Lab Team
Location |Sample Date 14/Jan/2024
Test method BS 1377 Part 2, 1990 4.3/4 4 Test Date 15/Jan/2024
Soil description SAND
PLASTIC LIMIT Test No. | Average
Mass of wet soil + container
[Mass of dry soil + container «\Q
[Mass of container \y?
[Mass of moisture ) Q
Mass of dry soil oe
[Moisture content % e
| B
LIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 152 18 211 243
IAverage penetration (mm) 15.2 18.0 21.1 243
[Container No P188 P157 A3 MB
[Mass of wet soil + container 4215 47 49 48 18 47 20
Mass of dry soil + container 35.89 40.18, 4037 38.60;
[Mass of container 7.06 697 721 7.18
[Mass of moisture 6.26 731 78 86
[Mass of dry soil 28.83 3321 33.16 31.42
Moisture content (%) 217 220 236 274
Liquid Limit Determination %
85 4++—+4+———+—+—11 L L] “s Liquid limit (%)
11T 1T Plastic limit (%) NON PLASTIC|
25 11—
o Plasticity Index (%)
; 1] T L3 hrink
...... Li i
5 205 B .. ——— e e inear shrinkage
g i ! P + e e — —e ) -
§'3’5“T o AT T Trough No. K
| R O 0 I S S 0 O 1] = Trough length (cm) 14
165 {1+t %
I L 25 1373
T & 11117 Specimen length (cm)
{ Ca i 4 4
145 + t \4 ! ; : . =
21 2 S 2\\ 25 % 27 28 ':-5"":93‘:3 - 1°9
‘r‘,\\\» % L.shrinkage = d
\7

STUDENTS




INSTITUTION STUDENTS TESTING LAB
UGANDA OMIBTIAN NAMBOOZE JUSTINE SHILLA "
UNVIRUTY (820832/214) & MCARNOLD GARRY | | Stirling
L (520832/033)
T ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
' WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
81 Reference No [Lab Reference No - Technician Lab Team
Sas i) fo Sample Date 14/Jan/2024
Tes! metheg |Bs 1377 Pat2 18204 344 Test Date 18/Jan/2024
Gescnpton SAND
TC Lt Test No : l Average
s of wet 80 + container \Q
Mass of dry ol + contamner é\
Mass of container (g) \y‘
Mass of morsture () Q
Mass of oy soil (g) 0\;
[Mossture comten % \\
IQUID LimiT Test No 1 2 3 4
nhal gauge reading (mm) 0 0 0 0
[Final gauge reading (mm) 153 18.1 218 241
Average penetration (mm) 153 181 218 11
IContaner No P182 Pls PIVS P13
Mass of wet soil + container (9) 4379 4195 4299 5378
Mass of dry s0il + container 4282 3601 36 05 43 99
Mass of container Q) 718, 7 80, 697 683
a8 of mosture (8) 697 594 69 979
a8 of dry soil 3564 2821 2908 37N
[Moisture content (%) 196 211 239 264
Liquid Limit Determination
20 229
Liquid limit (%)
L
230 -4 Plastic limit (%) NONPLASTIC
‘ Ly Plasticity Index (%)
210 Linear shrinkage
190
s ° Trough No K
170 Trough length (cm) 14
Specimen length (cm) 137
27 |L.shringage = 0
% L shrinkage = 19
STUDENTS
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INSTITUTION STUDENTS TESTING LAB
uuwgwnmn NAMBOOZE JUSTINE SHILLA (S20B32/214) &
G 4o s e o 4 s MCARNOLD GARRY (S20B32/033)
STIRLING
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
PROJECT SUBGRADE SOILS

SPECIFIC GRAVITY & WATER ABSORPTION FINE AGGREGATES

(AASHTO ; T84—00)

ASTM DESIGNATION ; C128—97
SOURCE: OPERATOR:
SAMPLE No SAMPLING DATE 14-Jan-24
SAMPLE DESCRIPTION: Natural sand TESTING DATE: 15-Jan-24
TESTNO A B ¥
[A] Wt. of oven_dry sample in air (gm) 490,90 0o
[B] wt. of pycnometer filled with water (gm) 1004.87 i
[C] wt. of pycnometer with specimen and water (gm) 21230 20003
[S] wt of saturated surface dry sample (gm) 610.04 A%8.54
"Bulk Specific Gravity on oven dry basis (Bé- ) 2598 2643
H;l"( Specific Gravity on saturated surface dry basis S - — 2666 2.701
(B+S-C)
Apparent Specific Gravity . A 2788 2.808
(B+A-C)
Water Absorption(%)= __10_0(A§A)__ 26 22

WATER ABSORPTION

AVERAGE RESULTS
BULK SPECIFIC GRAVITY 2620
BULK SPECIFIC GRAVITY ON SATURATED SURFACE DRY BASIS 2684
APPARENT SPECIFIC GRAVITY 2798
24

FOR TESTING LAB
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- INSTITUTION

CO)Z°> fz.:w._)z
UNIVERSITY

8 Covam @b die @ e it e Ay

PROJECT:

=

-

| ASSESSING ._.Im USE OF m_<mx m>zc >zc m><< DUST ASH _z THE

STUDENTS

MCARNOLD GARRY (S20B832/033)

NAMBOOZE JUSTINE SHILLA .m~owus=- &

TESTING LAB

ﬁ Stirling

]

STABILISATION OF WEAK SUBGRADE

SUMMARY OF >_r_. THE ._.mw._. _»mwc_-._.w moz <<m>x SUBGRADE mo_rm STABILISED WITH m_<mx m>z° & m><<0cm,_‘

LOCATION| BLENDED %

SAMPLING G
| parE__ 63 EYAY 20
f oo Losis R B B0
| 100 | 100 100
NEAT PN -
- 100 | 100 | 100
f 'EXPANSIVE SOILS e e e
STABILISED WITH 0% RIVER B S e B s B OB
| SAND & 12% SAWDUST 100 | 100 100
" EXPANSIVESOMS 500 1 a0 | 00
STABILISED WITH 15% RIVER B B o
SAND & 9% SAWDUST 100 | 100 mS EN
_EXPANSIVESOILS | 12/9/2023 1000 | 1000 | 1000 |
STABILISED WITH 30% RIVER ot Eomndl hesptndit
_ SAND & 6% SAWDUST | 1000 | 1000 1000
| EXPANSIVE SOILS ,Wso # 1000 JSMJ\
STABILISED WITH 45% RIVER : _ sl
__SAND & 3% SAWDUST 1020 4 | 2000 ; 2000
" EXPANSIVESOILS 1000 | 1000 | 1000
STABILISED WITH 60% RIVER = 4\ - -
SANDONLY | 0/%@ | 1000 ; 1000 |
fAss)

——————

T

nae_zm
s 2
100 |- 99
99 | 99
99 | 98
99 | o8
" 98 97
99 97
99.6 98.0
994 977
99.3 96.3
983 97.2
e A e
996 96.8
992 | 964

0.425

0.075

17.6
119

052

GM

053

0.693

0.693

0872

0826 |

0.957
0.950

1024

0.988

1.268 |
1339

mO_rm
ATTERBERGLMITS | MDD |ucs | ce CaR
e I o SWELL
[18 PL Pt s MDD oMc 62Blows 62
503 199 | 304 | 150 1807 | 144 ' 5.9 100
508 202 30 6 150 - ; e . .
66 174 | 92 m 0 | 1667 | 182 8 0.65
64 174 | 90 | 50 - |- loa1| - .
= 3 CTRNARED CUPEDe | S e (S T .‘. N .
us | 174 | 70 36 | 1682 | 18¢ | 9 06
250 180 70 36 Q.ah%
242 179 63 | 32 1.819 125 20 033
24.2 176 6.6 32 - 0. AUM’ -
233 180 53 27 1.857 104 | 24 0.46
B3 ;180 | 3 27 dos || e 0
233 18.0 52 27 0.21 -
230 14 1.898 81 N wb\ - 0.16
| NONPLASTIC ———— i e300 oy B
26 14 ' 0.2
[ S i
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INSTITUTION STUDENTS NAMES TESTING LAB
. UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD 3 3
UNIVERSITY GARRY (S20832/033) Stl rlln g
PROJECT ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE
SOILS
STABLISED CBR
(BS 1924 PART 21)
l WEAK SUBGRADE SOILS STABILISED WITH 0% RIVER SAND & 12% SAWDUST
M/c of air dried sample M/c After Mixing
Tin No CMD Stabliser 0% RIVER SAND & 12% SAWDUST
Tin + Wet soil  gm -20;27 Content 50
Tin + Dry Soil gm V |.;7, Tin No. * YY
Tin gm » 7‘6-3. ; Tin + Wet Soil 21 6-,
(Water gm 440 Tin + Dry Soil 1951
Dry Soil gm 1.215.0 Tin 785
M/c % 3.6 Water 216.0
Av.Mic % 36 Dry Soil 1,166.0 L
Mic 18.5
(a)MDD 1.667 kg/m3 (b)Air Dry M/c 36 %
(c)WD 3,033 kg/m3 (e)Mc to add 146 %
(d)OMC 182 % (F) volume 2.305
Date prepared ;/)lnr/ZJ Date immerse 9/Mar/24 Date tested 16/.“"/;_4
Eould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 6,991.1
(j) Wt of air dried soil 6,000
Air dry M/c 36
(k) soil dry wt (100j/100+b) 5,790.3
l(m)Stainsers content % 5.0
(n) Stabliser to add k x(m/100) 289.5
|Water Addition((j+n)x(d-b))/(100+b) 884.9
(Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mould No. " pavs Soaxen’ | | DAYS SoAKED
Stabliser 0% RNSEAF;VS;J{SDYL 12% mmse:st;;sn"l 12%
Content % 5.0 5.0
Mould g A B
Wet Soil g 4,767.0 4,695.0
Compaction M/c % 18.5 18.5
Dry density kgim3.”. &\ 1.745 1.719
%Compaction ™ 104.7 103.1
' 23
0.124 0.1
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INSTITUTION , STUDENTS TESTING LAB ;
UGANDA CHRISTIAN

s TRSRESITE | FOo

PROJECT:

UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & o qe V
TR A MCARNOLD GARRY (S20B32/033) _ Stir —:—m Q W,

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

SUMMARY OF TEST. RESULTS FOR NEAT MATERIAL AT WEAK SUBGRADE SOILS STABILISED WITH 0% RIVER SAND & 12'

i . - ) e B T
GRADING { ATTERBERG LIMITS MDD | cer | s
LOCATION BLENDED % o | o | SWELL i
I »»unqcmzn 63 | 315 20 s 2 ._.z.uJ 0075 GM L TR T moo  omc | [/ 62 | AVERAGE|
WEAK | | T 1 I D [
SUBGRAD | 100 | 100 | 100 99 98 90 2 069 | 266 | 174 | 92 50 | 1667 182 8 0.65 0.65
, | SRR R, : — 4 ) it
100 ' 100 | 100 99 | 98 91 41 | 069 264 | 174 | 90 5.0 - - I ~ . ' - ﬁ
| EXPANSIVE | I, | SIS I N S I I | [
” SOILS 100 _h 100 M 100 ww.nnrwhﬂ 90.67 SLL 0.69 _ 26.5 5.51_‘ 9.1 , 5.0 (1.667 ' 18.2 _ 8 [ 0.65 | 0.65 ,,
| ‘ e e e T |
12/10/2023 | [
< — ! IS I SE— + - 1 - f!ill o R
| S — o | { | ,
| — —- I ‘111‘|,“\J|!‘|1 B e
| |
|AVERAGE a2 AT.Su 26.5 :..' o._# 5.0 u.aﬂ_ 18.2 ﬂ 77 » 0.65 0.65 4
| b B AR L R | R hal]
FOR STUDENTS
" FOR STUDENTS

Lab Technician

#)

¥

iem s 151
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UGANDA CHRISTIAN
UNIVERSITY

A s of Epiwionns i e Bosre of Abs s

(S20B32/033)

INSTITUTION STUDENTS NAMES CONTRACTOR
_NAMBOOZE JUSTINE SHILLA e
(S20B32/214) & MCARNOLD GARRY Stirling

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

Diamcter(mm)

PROJECT : SUBGRADE SOILS
PARTICLE SIZE DISTRIBUTION (BS 7-2-90
Test Reference No.: Lab. Refernece No.:
WEAK SUBGRADE SOILS STABILISED
Location :(km) WITH 0% RIVER SAND & 12% SAWDUST |Dry wt. of sample before washing: (9) 3138.9
Depth: (m) Dry wi. of sample after washing: (g) 1917.7
Material ) Date Sampled: Date Tested: Technician
description: WEAK SUBGRDE SOILS
' 10/Dec/2023 28/Feb/2024 Lab team
. 9 ing Limits (G60 & 80
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Limits ( )
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 21.2 0.7 99 30 65
2.00 32.8 1.0 98 20 50
0.425 253.8 8.1 v 90 10 30
0.075 1506.4 48.0 42 5 15
Total fines 1324.7 42.2
Bottom Pan 103.5
Extracted fines 1221.2
Total sample 3138.9-
’Grading Modulus 0.69
100 - = o %
% =
80 =
70 T :
w 60 —
£
2 50
-
S 40
30
20 — =
10
. > —
1.00 10.00 100,00 .

»

FOR TESTING LAB"

Lab Technician

—TFOR STUDENTS
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA —
a UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stirling
bk R (S20832/033)

PROJECT :

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS .

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE SOILS STABILISED

Location :(km) WITH 0% RIVER SAND & 12% SAWDUST |Dry wt. of sample before washing: (9) 30923
Depth: (m) Dry wt. of sample after washing: (g) 1917.4
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRDE SOILS
' 10/Dec/2023 28/Febl2024 Lab team
% Y Grading Limits (G60 & 80)
Sieve Size (mm) | Weight Retained (g) | .- Re'2ined (%) Passlng (%) .
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 33.7 1.1 99 30 65
2.00 238 0.8 98 20 50
0.425 216.6 7.0 91 10 30
0.075 1537.9 49.7 41 5 15
Total fines 1280.3 414
Bottom Pan 105.4
Extracted fines 11749
Total sample 3092.3
Grading Modulus 0.69
100 “ ﬁ
6 === ==
e E
70 =t
=
R
™ —
N
170 1.00 10,00 10000
’,‘{-\'\N" Diamcter(mm)
FOR STUDENTS
/| ,dl

86



INSTITUTION . STUDENTS TESTING LAB
UGANDA CHRISTIAN o
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Sti r|ing
4 (e 4 s @ 80 oo oAb MCARNOLD GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
' WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location RADE SOILS STABILISED WITH 0% RIVER SAND & 12|Sample Date 10/Dec/2023
[Test method BS 1377: Part 2, 19904 3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRDE SOILS
PLASTIC LIMIT Test No A4 Q Average
Mass of wet soil + container (g) 4963 3385 4174
[Mass of dry soil + container (g) 4525 3193 2659
[Mass of container (g) 2058 © 2067 20 625
[[Mass of moisture () 438 19 315
[mass of dry soil (g) 24 67 1126 17.965
Moisture content % 178 171 174
IAVERAGE
LIQUID LIMIT Test No 1 2 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 151 182 21 245
penetration (mm) 151 18 2 210 245
IAVERAGE 151 182 210 245
IContainer No. DF Pl43 PI2H Pi38
[Mass of wet soil + container (g) 6265 78 98 7526 7528
Mass of dry soil + container 5156 64.30 61.80 60.00
Mass of container . 681 7.02 1156 7.03
Mass of 1L 1109 14 68 13 46 1528
[Mass of dry soil 4475 57.28 50 24 5297
[Moisture content (%) 248 256 268 288
AVERAGE 248 256 268 288
25 Liquid Limit Determination
a Liquid limit (%) 266
23 y- Plastic limit (%) 174
- - i Plasticity Index (%) 92
E I R T S % L | L I |
§ 2 = Linear shrinkage
®
:
£ 19 f- e
é )| Trough No R
i}
17 1 — Trough length (cm) 140
B Specimen length (cm) 133
15
24 25 7~ 26 27 28 29 L.shringage = 07
=\ t
/ W el % L.shrinkage = 5.0
] STUDENTS
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN
NAMBOOZE JUSTINE SHILLA (S20B32/214) & st' I'
UNIVERSITY irling
T s Vo A . MCARNOLD GARRY (520B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
g WEAK SUBGRADE SOILS i
ATTERBERG LIMITS
Liquid limit (cone penotr r) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location IRADE SOILS STABILISED WITH 0% RIVER SAND & 12|Sample Date 10/Dec/2023
est method BS 1377: Part 2, 1990:4.3/4.4 Test Date 13/Dec/2023
LAYER WEAK SUBGRDE SOILS
PLASTIC LIMIT Test No. VP 2F Average
IMass of wet soll + container 47.06 50.12 4859
HMass of dry soil + container (g) 433 4597 44 635
"Mass of container (g) 2163 2228 ,21.955
[Mass of moisture (9) 376 42 3.955
Mass of dry soil (g) 2167 2369 2268
[Moisture content % 17.4 175 174
IAVERAGE
LIQUID LIMIT Test No 1 2 3 2
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.0 189 21.5 249
penetration (mm) 15.0 18.9 215 249
IAVERAGE 150 189 215 249
IContainer No. P133 28PI P143 P153
[Mass of wet soil + container (g) 73.45 75.78 65.77 6588
[Iass of dry soil + container (g) 6045 61.70 5353 53.06
"Mass of container (g) 7.16 707 720 897
I!Mass of moisture (g) 13 14.08 1224 1282
[IMass o dry soil (@) 5329 54.63 4633 4409
Moisture content (%) . 244 258 264 291
AVERAGE 244 258 264 291
Liquid Limit Determination
25 78
Liquid limit (%) 264
23 4+t 1 1 1 — Plastic limit (%) 174
: EEBEEEED Tal ENEaE Plasticity Index (%) 90
§ 21 1 T B 1] T T T FT T Linear shrinkage
. -
;
& 19 1+ . ) T TT1
5 A 1! =} Trough No R
S | 1 i
17 +— A+ +— - O I Trough length (cm) 140
_’V/.\ . | . Specimen length (cm) 133
—
% 27 28 29 L.shringage = 07
M Content % -
ol Son % L.shrinkage = 50
Vo
2L ‘\
\ STUDENTS
IS )
\ _Lab Techhician

T
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INSTITUTION STUDENTS NAMES TESTING LAB

A CHRISTIAN
wwmmg" NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
b St e e GARRY (S20832/033)

—

=SER

PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
Test Reference No lle Reference No Date Sampled Date Tested Technician
WEAK SUBGRADE SOILS STABILISED WITH 0% |, i . o o "
Mix - - __RIVER SAND & 12% SAWDUST _ 100ed2s, areos L8 e
[Matenal description: WEAK SUBGRDE SOILS Natural moisture (%) : 10
TEST DATA
Weight of rammer (Kg) ) [lo of blows per layer No of layers  Height of drop (mm) Dlamim of mould(mm) |Volume of mould (cm®)
45 62 5 457 152 2,305
MOISTURE CONTENT DATA
Test No 3 5 3 4 s
Tin No A A A A A
\Water Added cm’ 320 380 440 500 560
Mass of Compacted soil + mould gm 4,928 5089 5,190 5.143 5,053
[Mass of Mould gm 3,217 3217 3,217 3217 3217
Mass of Compacted soil gm 1711 1872 1973 1926 1836
\Volume of mould cm® 1,000 1,000 1,000 1,000 1.000
Wet density of soil g/em’ 1711 1872 1973 1926 1836
DATA FOR PROCTOR CURVE
Container No NBM FDC Yoy KT ACB
[Mass of wet soil + Container gm 24020 2,2840 2,576.0 23830 22480
Mass of dry soil + container m 2,197.0 2,0760 23020 1,9930 19810
[Mass of container am 7970 807.0 8200 790 780 0
Mass of water added gm 205 208 274 390 267
[Mass of dry soil g 1400 1269 1482 1914 1201
[Moisture content % 146 164 185 204 222
Dry density g/em’ 1492 1608 1665 1600 1502
Maximum dry density (gm/cm’) 1.667 Optimum moisture content (%) 182
1
1
1.680
= I~
+— -1 N
i B ) P N
1.630
= R =
S B, N |
] .- - 14 S - = B
Z 1580 4 5 s d N-
& — - 5i N
t /
o
1530 s ) e ey ] i
A ¢ o ]
7 %
A
’ wu.o 15.0 16.0 170 180 190 200 210 220 230
Molisture Content (%)
Nt
Remarks:

STUDENTS

-
Lab Technician
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Institution Students Names
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B3V214) & MCARNOLD GARRY

(S20832/033)

Testing Lab

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

SUBGRADE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
Test sample reference : o |Luhum!ur_v Reference No.: Sampling Date : 1WDeci2}
WEAK SUBGRADE SOILS STABILISED WITH
I.ocation: _  0%RIVERSAND & 12% SAWDUST  |Casting date i
lesting Date |f‘f’“""’”
ISample Description: WEAK SURGRDE SOILS Technician : Lab leam
Volume of Mould used (m”") 2308
Natural moisture of air dried sample Volume of water added
Tin No. o ] CMD Mass of air dried soil () 6000
Tin + air dried soil sample (g) 2 ) MDD (Mg/m’) 1667
Tin + oven dry soil sample (g) 1978 ‘ NMC (%) 36
Tin (g) 763 OMC (%) 18.2
Dry soil sample 1218 Added OMC (%) 146
Water (g) a4 Caleulated dry wt of soil (g) 57827
INM.C (%) T Water added (2) e
Average (%) 16 Water added (mL.) P
Number of blows o
[Number of layer 5
Water Content Determination Before Soaking | After Soaking
faeNo 1YY - uc -
Mass of wet sample + Tare e | 2o - | 2o -
Mass of dry sample + Tare E 1951 - 1847 - 1
"M_as_s_u_m'a[g e | s .- 808 - )
Mass of water e | a6 - 00 -
Mass of dry sample e | nes - 1039 - - .
Water content % 185 - 193 -
,\_\-;;::\mmr Cnril.c?ll % I!i 5 193
\Density determination
Mould No - | AS ]I
Mass cfmould +soil ] 9998 10034 )
Mass of mould e | sse8 5598 I
Mass of soil o g | 00 4436
Volume of the mould cm3 2305 2305 )
Moist density gem3|  1.909 1925
Dry density gemd| 1611 1613
\Swell Determination
il):u: Hour ). Gauge Reding
Initial reading 96 hrs 9.6
Final reading S I 1042 -ff
Height of the specimen R N . 1)
leight of swell 0.82
0.65
Observations . - .

For Students

il
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Institution

Students Names

Testing Lab

m'::agm“m" NAMBOOZE JUSTINE SHILLA (S20832/214) & St . l.
N MCARNOLD GARRY ($20832/033) iriing
A e 4 fuwines & o tout oAb
ASSESSING THE USE OF RIVER SAND AND SAW DUST ASIHIN THE STABILISATION OF WEAK SUBGRADE SOILS
CALIFORNIA BEARING RATIO TEST (BSIJ 77 Part 4)
Test sample reference . |lnhomlovy Reference No S, I)alz 10/Mec/23
| ocation = 7 Penumuon D:uc "'Mﬂrm
Depth © - - l'cchmclan Inb team B
[Sample Descnp(lon 2 \\ EAl\ ﬂlYBGRDE i()lls 1
‘lumbcv ofblowspcrll)cr 62 L
\‘W“k' Or'l'yﬂl I 7{ B = B s - ries s t oo e
\iould Nn s 7A7574 e } ' -
Ca[unl) n[lhr I'm-mg Rm}: (AA} D i 50 1 50 B B 750 i L
Proving Ring Constant (K. (KN/div.) T oam 02052 02052
Speed : mm mmn Top" Bottom
[Penetration of Time | Reading Force | Reading = Force
he phunger (mm) © | *10'mm kN | 10'mm kN
= — e @) O 0 00 ). 0 | 100 N ~
0.25 om0 02 | o2 || | . =
o _0s B u | 1 02 | 1+ | 02 o | te e
R 0.75 - 3 2 04 2 | 04 S ~ =
o N . ) 2 04 | 2 | 04 | (S N
s n 2 o4 [ 3 | 06 - ;
2 - 3 g ‘_ 4_70_(!_ 5 3 06 o o 1
~ 2.5 | U] JES 06 4 108 | _ 2 [
3 ! 142 3 06 5 10 ==
3.5 |wes | 3 06 | 6 12
4 o I}‘l_i’l ‘_0! J 77 AllA - ! c J—— i
4.5 a3 ) 4 08 | 8 - 16 A
236 4 | 08 9 18
58 i |0 | 4 | 08 0 ) 21 B
6 W [ s 10 0 21 | L
6.5 307 5 10 11 23 -
7 331 s 10 1 23
7.5 354 5 10 11 23
|Observations - A “J
l
For Students
AAoT
Lub. Techmician
€5
)
\
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Institution Students Names Testing Lab

UGANDA SHRETIAN NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD > .
UNIVERSITY N/ OZE JUSTINE SHILLA (S MCARNOL
A Comre o Fsurtopes b e 1ttt o8 Al GARRY (520B32/033) m“”——;——:m

v

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

|Test sample reference : —_.uga_oa. Reference No.: Sampling Date : 10/Dec/23
Location: Testing Date 16/Mar/24
Depth: Technician : Lab team
Sample Description: WEAK SUBGRDE SOILS
PENETRATION vs FORCE CURVE
50
40 {14 " - 4 i & -4 44~ HER R - 4 |- =&

- 30 {1 - s - - -+ RE R % =
<

3

o

S !
w A

2o HHHHHHAHHAH AT ‘ T L THHH
\\\\ LT
] 3
il
] LT
AN 1
A1 \\\\
P iR EEEEEEEEEE R EREE EEEEEE A
\\\ i
' 30 3s 40 4s 50 55 60 65 70 75 80

i Penetration (imm)
s, %

- ».l.pwq»h : vkm.rﬂ
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62 blows

Force

CBR

Bottom | Top | Bottom| Top

2.5 mm Penctration 0.8 0.6 6 5
5.0 mm Penctration 1.8 0.8 9 4
|Average 1.3 0.7 7.7 44

Retained CBR

|Observations

For the Lab .

For Students

\Lab. Technician
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA (S20B832/214) & MCARNOLD L s
UNIVERSITY GARRY (S20B32/033) Stl rlln g ’
PROJECT ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE
SOILS
STABLISED CBR
(BS 1924 PART 2 1)
WEAK SUBGRADE SOILS STABILISED WITH 15% RIVER SAND & 9% SAWDUST
Mic of air dried sample M/c After Mixing
Tin No CBKN Stabliser 15% RIVER SAND & 9% SAWDUST
Tin + Wet soil  gm 2088 Content 50
Tin + Dry Soil gm 2080 - i Tin No. UrC
Tin gm 801 Tin + Wet Soil o 2344 7
Water gm 380 Tin + Dry Soil 2|047
Dry Soil gm 1.249.0 Tin 807
Mic % 3.0 Water 240.0
Av. Mic % - 30 Dry Soil 1,297.0
M/c 18.5
(MDD 1.682 kg/m3 (b)Air Dry M/c 3.0 %
(cwD 3,028 kg/m3 (e)/c to add 15.0 %
(d)omMC 18.0 % (F) volume 2.305
Date prepared 2/Mar/24 Date immerse . -9/\lar124 Date tested ummzi
Mould No.
[Factor(n 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 6,979.4
(j) Wt of air dried soil 6,000
Air dry M/c 3.0
(k) soil dry wt (100j'100+b) 5,822.8
[stbtsor T
(m)Stablisers content % 5.0
(n) Stabliser to add k x(m/100) 291.1
Water Addition((j+n)x(d-b))/(100+b) 913.2
Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mouid No. TR | Dy
Stabliser e awousr | ot
Content % 5.0 5.0
Mould g A B
Wet Soil g 5,280.0 5,142.0
Compaction M/c %, 18.5 18.5
Dry density kg/m3' 1.933 1.882
%Cornpaction X 1149 111.9
25 27
0.135 0.146 0.14
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INSTITUTION

STUDENTS ,

UGANDA CHRISTIAN
UNIVERSITY

A Comer o Fustoas i e Phnart o A

TESTING LAB

NAMBOOZE JUSTINE SHILLA (S20B32/214) & w
| MCARNOLD GARRY (S20B32/033) _
,

ﬁ Stirling

)

Lab Technician _

PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
SUMMARY OF TEST RESULTS FOR WEAK SUBGRADE SOILS STABILISED WITH 15% RIVER SAND & ¢
| GRADING ATTERBERG LIMITS moo | R | mmwmx_._. h
LOCATION BLENDED % e - - W | ! |
W_ SAvmGl 63 | ws | w0 | s | 2 oasfoms M w | m | m | 15 | moD omc| | 62 |Avemace
m 100 100 | 100 | 98 97 Bl | 3¢ 087 | 2645 | 174 | 70 | 36 | 1682 | 180 _ 9.3 059 | 059 W
! L | | L Dl Sinaill Snnnst Bopusaed ! i
WEAK | 100 ;, 100 | 10| 99 | 97 -8 | 38 o083 20| 180 70 | 36 | - | - Sl _ -
SUBGRAD  weax , A Ul il el Bl Recvel = ‘
E SOILS | syBGRADE 100 ﬁ 100 | 100 |98.57|97.03 |81.69|36.39 _lniu.wMﬁNb.ﬂ 17.7 M 7.0 3.6 |1.682 18.0 k— 9 Ho.mw O.uw;
u;u__._wJ SOILS ! | | i |
D WITH ,
o | 12/102023 | 4 s |
RIVER | i
SAND & | [
9% L .
SAWDUST | .,
= T 5
AVERAGE 3 _ Esop 207 =.L. 70, 36 —.SL 180 J 9.3 # 0s9 | 0s9
FOR STUDENTS
i §| _,
| )
<
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stirling
Ao o Luwbns b e o of Abay (820832,033)
PROJECT : ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
* SUBGRADE SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2-90)
Test Reference No.: Lab. Refernece No.:
WEAK SUBGRADE SOILS STABILISED
|Location :(km) WITH 15% RIVER SAND & 9% SAWDUST |Dry wt. of sample before washing: (g) 33146
Depth: (m) Dry wt. of sample after washing: (g) 2273.1
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRADE SOILS
’ 10/Dec/2023 28/Feb/2024 Lab team
i 9 Grading Limits (G60 & 80)
Sieve Size (mm) Weight Retained Retained (%) Rasting (%) g
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 50.2 15 98 30 65
2.00 48.1 1.5 97 20 50
0.425 515.0 15.5 81 10 30
0.075 1564.8 47.2 34 5 15
Total fines 1136.5 34.3
Bottom Pan 95.0
Extracted fines 1041.5
Total sample 33146 ;
rGrading Modulus 0.87
100 — - .-
% . 3 =
80 = 7
70 =
w60 =
£ s [ 3
e = =
BT ;
30 =
20 = =
10 ;
i G\ 100.00
901 = AN \ Diamecter(mm)

qw |
N MY
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INSTITUTION

STUDENTS NAMES

UGANDA
UNIVERSITY
A Conew 4 luwb

CHRISTIAN

o b o o Ay

(S20B

NAMBOOZE JUSTINE SHILLA .
(S20B32/214) & MCARNOLD GARRY

32/033)

CONTRACTOR

Stirling

PROJECT :

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2 - 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE SOILS STABILISED

|Location :(km) WITH 15% RIVER SAND & 9% SAWDUST Dry wt. of sample before washing: (g) 2913.7
Depth: (m) Dry wt. of sample after washing: (g) 1874.1
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRADE SOILS
10/Dec/2023 28/Feb/2024 Lab team
Sieve Size (mm) | Weight Retained Retained (%) Passing (%) i i A
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 39.2 1.3 99 30 65
2.00 47.3 16 97 20 50
0.425 441.2 15.1 82 10 30
0.075 1264.7 43.4 38 5 15
Total fines 1121.3 385
Bottom Pan 81.7
Extracted fines 1039.6
Total sample 2913.7
|Grading Modulus 0.83
100

9
80 |-
0 =
60 S
s0 |-
LRE

% Passing

1.00
Diameter(mm)

100.00

s
Lab Technician

“FOR STUDENTS

M
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirling
5 G s o o & B MCARNOLD GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
WEAK SUBGRADE SOILS
ATTERBERG LIMITS
lel’ﬂ fimit (cone penotrometer) and plastic limit
est Reference No.: [Lab. Reference No.: Technician Lab Team
Location hADE SOILS STABILISED WITH 15% RIVER SAND & 9 Sample Date 10/Dec/2023
[Test method BS 1377 Part2, 19904 3/4 4 Test Date 13/Dec/2023
ILAYER WEAK SUBGRADE SOILS
PLASTIC LIMIT Test No KK KJ Average |
[Mass of wet soil + container 3722 396 3841
MI”MWIM‘W\“M“) 3494 36 85 35 895
[Mass of container (g) 2225 2058 21415
Mass of moisture (g) 228 28 2518
Mass of dry soil (g) 1269 1627 1448
[Moisture content % 18.0 169 174
AVERAGE
LIQUID LIMIT Test No 1 3 4
Initial gauge reading (mm) .« 0 0 0 0
Final gauge reading (mm) 156 18 205 245
(mm) 156 180 205 245
IVERAGE 156 180 205 245
IContainer No Pl PP PI135 PIV6
[Mass of wet soil + container (g) 70 92 7354 8375 - 7156
[Mass of dry soil + container (g) 58 87 60 81 69 09 58 19
[Mass of container (g) 679 691 928 682
[Mass of moisture (g) 1205 1273 14 66 1337
Mass of dry soil (g) 52 08 539 59 81 5137
[[Moisture content (%) 231 236 245 260
AVERAGE 231 236 245 260
2 Liquid Limit Determination
5
Liquid limit (%) 245
2 LI I O S O I Plastic limit (%) 174
: o I R Plasticity Index (%) 70
Eanf——-—~— =T=1 i ¥
s Linear shrinkage
= 5
;
e 19 4————+———1 A —t——
L]
Trough No |
3 n —
74— S B N e S T D S A | Trough length (cm) 140
Specimen length (cm) 135
25 26 L shringage = 05
%
Moleae Conteet % L.shrinkage = 36
\ STUDENTS
PR\ = %—_
Q%2 2 . d#&rl«{
Lab Technician

N

% e o
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INSTITUTION STUDENTS TESTING LAB

UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirli
tirling
+ MCARNOLD GARRY (S20B32/033)

A e 4 s 5. b Fs o b s

PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
WEAK SUBGRADE SOILS

ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit

Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location hADE SOILS STABILISED WITH 15% RIVER SAND & 9Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 1990:4.3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE SOILS
PLASTIC LIMIT Test No JL oG Average
[Mass of wet soil + container (g) 5245 5204 52.245
[Mass of dry soil + container (g) 47 88 4739 47 635
HMass of container (g) 2254 21.41 21975
[LMass of moisture (g) -457 47 461
[Mass of dry soil (@) 2534 2598 2566
Moisture content % 18.0 179 180
VERAGE
LIQUID LIMIT Test No 1 2 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 152 18 213 249
penetration (mm) 152 18.0 213 249
IAVERAGE 152 18.0 213 249
Container No. P133 1A FORD A7
[Mass of wet soil + container (g) 66.18 6563 62.33 66.59
[Imass of dry soil + container (g) 54.96 5422 50.94 5464
[Mass of container (g) 698 7.22 691 927
{IMass of moisture (g) 11.22 11.41 1139 11.95
"Mass of dry soil (9) 47.98 47 44 03 45.37
[Moisture content (%) -+ 234 243 25.9 263
AVERAGE 234 243 259 263

Liquid Limit Determination

25 =
Liquid limit (%) 250
23 | [ N N S S N A 57 [ T Plastic limit (%) 18.0
E | - Plasticity Index (%) 70
H 21 1 T 1 T 1 T 1 T 11T Linear shrinkage
£
g |
T e e e S
g | Trough No |
3 —1 S B " < R G IS S S S (S T |
17 +——F+ A ST B G B | Trough length (cm) 140
i Specimen length (cm) 135
26 27 L.shringage = 0.5
%,L.shrinkage = 36

! !I STUDENTS

o 2
\ tab Technicfan

iz

\/
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INSTITUTION STUDENTS NAMES TESTING LAB
TAN
e NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
v Fion & o GARRY (S20B32/033)
PROVECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
Test Reference No. [Lab Reference No Date Sampled Date Tested Technician
isac i WEAK SUBGRADE SOILS STABILISED WITH 16% |40/0ec23 i
e - —sia RIVER SAND & 0% SAWDUST 10/ec/ 23 26/Feb/24 Lab team
IMatenal descnption: WEAK SUBGRADE SOILS Natural moisture (%) : 11.0
TEST DATA
Weight of rammer (Kg) _[No. of blows per layer .. Nooflayers _ [Height of drop (mm) _|Diameter of mould(mm) |Volume of mould (em’)
s 62 5 457 152 2,305
MOISTURE CONTENT DATA
1 2 3 4 S
A A A A A
cm’ 320 380 440 500 560
gm 5010 5,109 5195 5,186 5120
gm 3217 3217 3217 3217 3217
m 1793 1892 1978 1969 1903
cm® 1,000 1,000 1,000 1,000 1,000
glem’ 1.793 1,892 1.978 1.969 1.903
DATA FOR PROCTOR CURVE
(Container No 26T BAK MJR 21 CR7
Mass of wet soil + Container m 21910 ° 2,303.0 2,162.0 2,303.0 26560
ss of dry soil + container gm 20180 2,007.0 1,956.0 20560 23200
[Mass of container gm 809.0 805.0 © 7910 8020 7700
s of water added Ll 173 208 208 247 338
[Mass of dry soil L 1209 1292 1165 1254 1550
[Moisture content % 143 159 17.7 ‘197 217
Dry density glem’ 1.569 1632 1.681 1.645 1.564
Maximum dry density (gm/cm’) 1.682 Optimum moisture content (%) 18.0
1.700
P N
B T o I . T = N - =)
1 N
4 A O S 4 ,/,>,,a,4 = ,\\ ol
1.650
o A AN
¢ A EH EA A N :
] Z
f / e
3
Z 1600 % 5 ~ T 5 : 78 T
] % s
}/ —1111T o = o o -+
T T N,
1.550
140 150 16.0 170 180 190 200 210 220
Moisture Content (%)
Remarks: a2 \
sty 2 X
FOR TESTING LAB . ﬂ AR - \‘ FOR STUDENTS
Lab Technician \
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Institution Students Names
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (520B32/214) & MCARNOLD GARRY

(S520832/033)

Testing Lab
Stirling

SUBGRADE SOILS

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Test sample reference :

[.ocation:

JLuborulory Reference No.:

WEAK SUBGRADE SOILS STABILISED WITH
 15%RIVER SAND & 9% SAWDUST

Casting date :

Sampling Date:  10/Dec/23
2/Mar/24

Testing Date : I6/Mn:/?i )
ample Description: WEAK SUBGRADE SOILS Technician : ___Lab teom
Volume of Mould used (m’) 2305
Natural moisture of air dried sample Volume of water added
Tin No. B N BKN Mass of air dricd soil (g) 6000 B
Tin + airdrid soil sampe (g) “aom || woomgm) e
Tin+ovendrysoilsample(g) | 200 | NMC() B 30
fin@®__ I . — _oMC (%) [ T —
Dry soil sample . 1249 Added OMC (%) 150
Water (g) e LIy | | B Calculated dry wtof soil (g) 1 58175
NMC (%) 30 o . Water added (g) T . m -
Average (%) = 73? Water add}diﬁ;) 871
INumber of blows 62 -
|INumber ofiay_cr B - % 3 - a -
Water Content Determination Before Soaking |AfRer Soaking
TaeNo . ... Juec - MR- - |
Mass of wet sample + Tare g | 2344 - [ 1896 - B g
Mass of dry sample + Tare 2 2104, - | 1718 - ~ = S -
Massof Tare g | 807 - | 90 - f | L = —
Massofwater g | 240 - f 178 - L L J i
Mass of dry sample g | 1297 = | 98 - :
Water content — % 185 " - 192] - B = »
A;cragc \\'alcT (, onlent g IX;S 19.2
\Density determination
Mould No il N j 7|l
Maispfﬂoﬂ*'&il S (10123 10154
Mass of mould - - 5528 5528 L
Massofsoil e | e w6 | L 2
Volume of the mould em3 [ 2305 | 2305 R L. 3 -
Moist density B ~ g/em3 1993 | 2007 | - -
Dry density g/cm3 1.682 1.684
|Well Determination
"[E THour D.Gauge Reding
[lnitiat 96 hrs 9.8
Final reading B s 1055 B N
[leight of the specimen e 2\ 127 — - = _
| teioht of swell \0.75
0.59
DL\
Observations /.,_/YJ, 2 S B \\., == o i P -
—~For the Lab R For Students
2 — ~—
Lab._Technictan \ L ’m
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Institution Students Names Testing Lab

tﬁ&gaﬁmm" NAMBOOZE JUSTINE SHILLA (S20B327214) & Stirli
MCARNOLD GARRY ($20B32/033) tirling

& Cmane o Loy & b P of Ay

ASSESSING TIHE USE OF RIVER SAND AND SAW DUST ASIHIN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference llnhnmlnry Reference No Sampling Date 10Dec/23
ocation Penctration Date 16/Mar/24
ot Technician Lab team
[Sample Descnption WEAK SUBGRADE SOILS
[Number of blows per layer 62
INumber of layers o s 7 - 3 o ~ - 5
Mould No ' A ) o
Capacity of the Proving Ring (KN) 50 ) 50 50
Proving Ring Constant (KN/div.) ) T owm 0208 ° 02082
Speed _mm min. Top Bottom
Penctration of Time | Reading =~ Force | Readng = Force
he plunger (mm) (s) *10'mm (KN) *10'mm  (KN)
N 0 o | o 00 | 0 00 1 i ] X 5
s fw [ oo 02 | 02 i .
- os w | 0 o2 | v e |l
o es s | v | o2 | 2 losfl 1 ] | ] L 3
1 | e ] 2 | o4 306 | i o _
s no| 2 | o4 306
1 ) | o 2 o4 s 10
25 s |3 0s 6 12 | B
3 142 3 06 6 12 )
38 168 4 o8 714
4 ey | 4 o8 | 8 16
45 a3 [ 4 0s | 8 16 ) .
s pe | s 0 | 9 18
55 260 5 10 9 18 J
6 283 6 | 1.2 10 _2l B | H 1
65 s | 7 e | o 23 | y | B
7 331 8 16 B 12 25 _ ke I L
7.5 384 27 .
Observations
A
S Y & ‘/-\ g3
/F6rlh€_('onlnﬂor"/‘( /JI //' X For Students
\ 21 J/ \ Mf/
\ ¥ \ VO
Lab. Technician \ = 0\ "lﬁ?& )
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Institution Students Names Testing Lab
UGANDA CHRISTIAN ——
UNIVERSITY NA} JUSTINE SHILLA (520B321214) & MCARNOLD T
X R s A GARRY (S20832/033) Stlrhng
=

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference : ll;\_bqr.l_(o;yikcfgrcngc No.. N Sampling Date : LOWJ N =
Location - Testing Date 16/Mar/24
Depth: e - _ | Technician Lab team
Sample Description WEAK SUBGRADE SOILS
PENETRATION vs FORCE CURVE
50
40 |-
30
g
: LT
g AT
[ L | S8
el
20 ———i
1 ,,-’” +
L4~ Ped r
—“—— ”",,\*’ ﬂz
1
10 ,”— U 7l A
A LTI
1 LT
v L]
‘/
00
00 05 10 15 20 25+ 30 3s 40 4s 50 55 80 8s 70 75 80
Penetration (mm)
62 blows
Force CBR
Bottom | Top | Bottom [ Top
2.5 mm Penctration 1.2 06 9 5
5.0 mm Pcnctration 1.8 1.0 9 5
(5
Average 15 A 087 |\ 93 49
7
Retained CBR Y 9-3\
P I D
(Observations o XS Py s
Py 'CBR= 9
el 1 D) \
& il y, R R N S
/,,—J-or,,lhf Lab ﬂ, s ) For Students )
Lab. Technician \ Materiplf Iy, 4 S {ZD I ne
N M (74T P
\\ / R
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRSTIAN NAMBOOZE JUSTINE SHILLA (5208321214) & MCARNOLD Stirli n g
UNIVERSITY (S20832/033)
PROJECT ASSESSING THE USE OF RIVER SAND AND SAW Dsl:)SI:'sASH IN THE STABILISATION OF WEAK SUBGRADE
STABLISED CBR
(BS 1924 PART 2 1)
r WEAK SUBGRADE SOILS STABILISED WITH 30% RIVER SAND & 6% SAWDUST
M/c of air dried sample ¢ M/c After Mixing
Tin No. NMT Stabliser 30% RIVER SAND & 6% SAWDUST
Tin + Wetsol gm b i l‘;.';l i Content 50
Tin + Dry Soil gm 7 |92; i Tin No. CML
Tin gm e ;; 7 Tin + Wet Soil - *2147
(Water gm 290 Tin + Dry Soil e 2;; o
Dry Soil gm 1,154.0 Tin - ;.777'”
M/c % 25 Water 135.0
Av. Mic % 25 Dry Soil 1,135.0
Mic 1.9
(a)MDD 1.819 kg/m3 - (b)Air Dry M/c 25 %
(c)WD 2,274 kg/m3 (e)M/c to add 10.0 %
(d)omc 125 % (F) volume 2.305
Date prepared /Mar/24 Date immerse 9/Mar/24 Date tested T leMar24
[Moutd No.
[Factor(f) 2.305
I(h)We! Soil to fill mould ¢ x f x %comp 5,240.7
(j) Wt of air dried soil 6,000
Air dry M/c 25
(k) soil dry wt (100ji100+b) 5,852.9
[stabiiser e e i
I(m)Stainsers content % 5.0
[(n) stabliser to add k x(m/100) 292.6
[Water Addition((j+n)x(d-b))/(100+b) 613.0
Wt. per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
Mo No. e
Stabliser 30% R;E;DSJ;D & 6% 30% RlsVAEVII(:UAsN‘P & 6%
Content % 5.0 5.0
Mould g A B
Wet Soil g 5111.0 4,985.0
Compaction M/c % o 119 1.9
Dry density Kg/m3, 1.982 1.933
%Compaction '\ 108.9 106.3
.. FORCE s\ 3.3 35
4 0.180 0.191 0.19
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INSTITUTION

STUDENTS

UGANDA CHRISTIAN
UNIVERSITY

A Comtrr o Facstiome i the Moart o Aboa

TESTING LAB

NAMBOOZE JUSTINE SHILLA (S20B32/214) &

MCARNOLD GARRY (S20B32/033)

ﬁ Stirling _

Lab Technician

PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
SUMMARY OF TEST RESULTS FOR NEAT MATERIAL AT WEAK SUBGRADE SOILS STABILISED WITH 30% RIVER SAND & £
, X . ‘ o - , | cer ,
[ GRADING ATTERBERG LIMITS MOD | c8R ,
LOCATION BLENDED % — L _— : - | ,, SWELL |
i fu_“_mzn 63 | 375 | 20 s 2 | oas|oors GM  u PL | P | 15 | MDD | OMC | 62 |AVERAGE|
Mhm%nxg 100 100 | 100 | 100 | 98 , 75 31 096 242 | 179 _ﬁ 63 | 32 [ 1819 125 19.8 W 03 | o |
| I | I S I = 1 T T T
| 100 | 100 | 100 | 99 = 8 |- 74 34 095 | 242 | 176 | 66 32 - ) _ - - ,
| weax - H . _ ol W ﬁ : [
Amcun_csm 100 _ 100 _ 100 ew.mu_uu.nm 74.39(32.43| 0.95 | 24.2 “_.N.u _ 6.5 , 3.2 __..wuﬁ 12.5 20 _ 0.33 e.qu_,
, 12/10/2023 | _ f , |
. | — R — | e
| |
_ | _ | . S | | !
| | | | |
| . - !
~ 32 M le.umw _ 24.2 i ﬂu% 2 .m,.mm u.n.x 55_ 125 _ 19.8 % 033 | 033
FOR STUDENTS
FOR LAB

105



\Lab Technician — _Mptefitls En[ﬁnéer

INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA . v
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stll"llng
A Cown of [uwoms o B Vs o Aliws (5208321033)
PROJECT : ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
' SUBGRADE SOILS
PARTICLE SIZE DISTRIBUTION (BS 1377 -2 -90)
Test Reference No.: Lab. Refernece No.:
) WEAK SUBGRADE SOILS STABILISED
|Location :(km) WITH 30% RIVER SAND & 6% SAWDUST Dry wt. of sample before washing: (g) 2814.1
Depth: (m) Dry wt. of sample after washing: (g) 1959.5
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRADE
' 10/Dec/2023 1/Mar/2024 Lab team
ing (¥ Grading Limits (G60 & 80
Sieve Size (mm) | Weight Retained ( Retained (%) Passing (%) rading Limits ( )
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 11.5 04 100 30 65
2.00 458 1.6 98 20 50
0.425 646.1 23.0 75 10 30
0.075 1228.5 43.7 31 5 15
Total fines 882.2 313
Bottom Pan 27.6
Extracted fines 854.6
Total sample 28141
0.01 ) bm 1.00 10.00 100.00
i ,(_ v’ “.‘\ Diameter(mm)
P
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Ao o b mbncs v e et od Ay

(S20B32/033)

INSTITUTION . STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA . g
UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stirling

PROJECT :

ASSESSING THE USE OF RIVER SAND AN
SUBGRADE SOILS

D SAW DUST ASH IN THE STABILISATION OF WEAK

PARTICLE SIZE DISTRIBUTION (BS 1377-2- 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE SOILS STABILISED

|{Location :(km) WITH 30% RIVER SAND & 6% SAWDUST Dry wt. of sample before washing: (g) 3519.9
Depth: (m) Dry wi. of sample after washing: (g) 2354.4
; Date Sampled: Date Tested: Technician
Material
Fonsriics B WEAK SUBGRADE
s 10/Dec/2023 1/Mar/2024 Lab team
i i i 9 ing (¥ Grading Limits (G60 & 80)
Sieve Size (mm) Weight Retained (9) Retainad (%) Pasting %) " (
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
50 200 0.6 99 30 65
2.00 59.7 1.7 98 20 50
0.425 8435 . 24.0 74 10 30
0.075 1417.1 403 34 5 15
Total fines 1179.6 335
Bottom Pan 14.1
Extracted fines 1165.5
Total sample 35199
|Grading Modulus 0.95
100 =
% : ==
80 {— — =
70 7 =
= 60 : 2
£ == e
Z so = -
e T be
PO} —
30 =
20 — —_— :
B =
0
001 010~ 1.00 100.00
i W \\ Diameter(mm)
w \
Y\
'\\ FOR STUDENTS
\ \
BN ) A

ks

Lab Technician . &tsf%ls' E@ineer. i
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirling
A e o s & ot o My MCARNOLD GARRY (S20832/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
g WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
e
Test Reference No.: ~[Lab. Reference No.: Technician: Lab Team
Location DE_SOILS STABILISED WITH 30% RIVER SAND & 6 Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 19904 3/4 4 Test Date 13/Dec/2023
LAYER 'WEAK SUBGRADE
PLASTIC LIMIT TestNo o1 J Average
[Mass of wet soil + container (g) _ 3485 3295 33.9
Mass of dry soil + container (g) 3302 3158 323
Mass of container (g) 228 239 2.3
Mass of moisture (g) 183 14 16
[Mass of dry soil () 10.22 768 895
[Moisture content % 17.9 178 179
IAVERAGE
LIQUID LIMIT Test No 1 3 4
Intial gauge reading (mm) 0! 0 0! 0
Final gauge reading (mm) 152 17.9 219 250
penetration (mm) 152 179 219 250
AVERAGE 15.2 179 219 250
Container No. Pl42 PA FOO : A6
[Mass of wet soil + container (9) 60.38 6681 71.51 70 80
[Mass of dry soil + container (g) 53 09 55 29 58 75 57 59
[[Mass of container (g) 2069 677 686 683
[[Mass of moisture (g) 7.29 11.52 1276 1321
|[ass of ary soil (g) 324 4852 51.89 50.76
[Moisture content (%) 225 237 246 260
AVERAGE 225 237 246 260
Liquid Limit Determination
25 0 —A
Liquid limit (%) 242
23 4+—— 4 4 1 T Plastic limit (%) 179
£ T 1 T - a Plasticity Index (%) 63
§ 2 T I i Linear shrinkage
g 7 il
H
& 19 4T
Trough No Y
G EEESEEEP AR AREE .
17 1 - T ) I Trough length (cm) 140
- L\ | Specimen length (cm) 136
22 et i 24 25 26 L shringage = 04
A Molstufe Content %
> // \& \ ol % L.shrinkage = 32
- Yo
Remarks:’ /7 N \
\
STUDENTS
»
\
, I o]
\ " Lab Technician .~ :
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INSTITUTION STUDENTS . TESTING LA
UGANDA CHRISTIAN H9H
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirli ng
A (e f ot & oo At MCARNOLD GARRY (820832/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
) WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotr ter) and plastic limit
[Test Reference No.. [Lab. Ref No.: Technician: Lab Team
iLocation DE_SOILS STABILISED WITH 30% RIVER SAND & §Sample Date 10/Dec/2023
[Test method BS 1377: Part 2, 1990.4 3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE
PLASTIC LIMIT Test No 0G LL Average
ss of wet soil + container 38.31 47.31 4281
Mass of dry soil + container (g) 35.77 436 39685
ass of container (g) 2143 2237 219
[Mass of moisture (g) 254 37 3125
[IMass of ary soi (g) 14.34 21.23 17.785
[Moisture content % 17.7 175 176
VERAGE
ILIQUID LIMIT TestNo 1 3 4
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 158, 182 219 249
penetration (mm) 158 182 219 249
IAVERAGE 158 . 182 219 249
{[Container No PIB6 PIMO P126 AB
Mass of wet soil + container (g) 6245 60.55 5878 6170
IMass of dry soil + container (g) 5226 5025 4863 50.42
[IMass of container (g) 7.02 7.12 7.16 7.09
[IMass of moisture (g) 1019 10.3 10.15 11.28
[Mass of dry soil (g) 4524 4313 4147 4333
Moisture content (%) 225 239 245 260
AVERAGE 225 239 245 260
25 Liquid Limit Determination
‘ ‘ | Liquid limit (%) 242
[ Y oo AT N NG S (N A Y O L S SR S0 4 G G Plastic limit (%) 176
‘S T G S S e { = ) &6
E | asticity Index (%)
E S O O I I I ol O O O I I
§ & Linear shrinkage
B |
s -
£
& 19 1 T T
§ | ! Trough No. Y
S ! L
O (R T T ¢ Trough length (cm) 140
Specimen length (cm) 136
\ 25 26 27 L.shringage = 04
Moisture Content % .
\ % L.shrinkage = 32
S
AP LW
STUDENTS
]
"Lab Technician |
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INSTITUTION STUDENTS NAMES TESTING LAB
——
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA ($20B32/214) & MCARNOLD
e e s GARRY (820832/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
Test Rmv!nc- Nj) e . Iub Reference No Date Sampled Date Teosted Tochnician
WEAK SUBGRADE SOILS STABILISED WITH 30% |40m0my i i3 rul
sc I . RIVER SAND & 6% SAWDUST_ |toDec3 | 1Mar24 La team
[Matenal descniption: WEAK SUBGRADE Natural moisture (%) : 11.0
TEST DATA
Weghtol ammer (<) __[No_ofbows perlayer | Mool layers _[Height of rop (nm)_Diamete o mou(m)_|Volume of moud (<’
45 62 5 457 152 2,305
MOISTURE CONTENT DATA
Test No
1 2 5
A A A A A
cm® 180 240 300 360 420
gm 5,108 5,200 5258 5,269 5.239
gm 3215 3215 ) 3215 3,215 3,215
gm 1893 1985 2043 2054 2024
[Volume of mould em® 1,000 1,000 1,000 1,000 1,000
[Wet density of soil glem’ 1.803 1.085 2043 2,054 2024
DATA FOR PROCTOR CURVE
MR BAK BBC ACB 26T
gm 2,172.0 2,050.0 2,081.0 2,031.0 2,1880
gm 2,0630 1,931.0 1,941.0 1,8740 1,997.0
om 791.0 805.0 808.0 781.0 8090
IMass of water added o 109 119 140 157 191
[Mass of dry soil on 1272 1126 1133 1093 1188
[Moisture content % 86 . 106 124 144 16.1
Dry density glem’ 1744 1.795 1818 1796 1.744
Maximum dry density (gm/cm’) 1819 Optimum moisture content (%) 125
p
1.820
|17 T
1
1 N
== s ESS S O ,Ag.}/ - Vi o - = == ,\\ = -
_ A
@
3 1 N
3 A A N ) A P S B B - —-INE ~4——
s 1
Z 1770
H ]
i A A N
8 a
A
" 8] L I R 1 1 . L 5. A S
1.720
85 95 105 ,/TKS 125 135 us 155 165
/'/ - \ Moisture Content (%)
Remarks: e ‘ \
Pl Fry
FOR TESTI! B ™ \ FOR STUDENTS
o <1, 4 \
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Institution

Students Names

UGANDA CHRISTIAN
UNIVERSITY

A o i S e o B

(S20832/033)

NAMBOOZE JUSTINE SIHILLA (S208327214) & MCARNOLD GARRY

Testing Lab

l Stirling I

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

[Test sample reference o J[,allora{qr)j Reference No.: ) _[Sampling Date : 10Dec23
) WEAK SUBGRADE SOILS STABILISED WITH 1/Mar/24
Location: 30% RIVER SAND & 6% SAWDUST Casting date :
) Testing Date : 15/Mar/24
Isample Description: WEAK SUBGRADE. Ll L
Volume of Mould used (m’) 2305
Natural moisture of air dricd sample Volume of water added

Tin No NMT Mass of air dricd soil (g) _ 6000
Tin + air dried soil sample (g) 1951 ) MDD Mgim®) ) 1819
Tin + oven dry soil sample (g) ] _"9227_ - NMC(%) 25

Tin (g) B 768 | omcee 125
Dry soil sample - 1154 | AddedoMC (%) | 100
Water (g) o 29 ] Calculated dry wi of soil (g) 58492 -
N-M.C (%) _2-5 N 7  Water added (g) g il 585
Average (%) B ) 25 o = 7\?":?“;& (mi)r 585
Number of blows 62

INumber ol'la_\'c; B 5

Water Content Determination Before Soaking | After Soaking

TareNo i oML - | BA -

Mass of wet sample + Tare | 2147 - 2422 -

Mass of dry sample + Tare g | 2002 - 2214 - - B

Mass of Tare g2 8”m - 768 -

Mass of water B N e 135 - 208 -

Mass of dry sample g 13 - 1446 -

Water content % 19 - 144 -

Average “alc: Conl:nl ) ;). 119 144

\Density determination

MouldNo DT |

Mass of mould + soil g 10209 10326 -
Mass of mould e || 5301 ; 5501 i
Mass of soil g 4708 4825 N
Volume of the mould cm3 2305 | 2305 ff b
Moist density _ g/em3 2,043 2.093

Dry density g/em3 1.825 1.830

| well Determination
"Dntc Hour D.Gauge Reding
Initial reading 96 hrs 12.1
Final reading B i 12.52 o
leight of the specimen | 127 - )
| leight of swell ~\ 0.42
Swelling(%)~ [\ 0.33
Observations 5 1 Ko\ \ FEE E

For Students

- 2 o\
Forthelab ) 7 ) 4\

e

111




A G 4 Larwimcs & B s o Ms

MCARNOLD GARRY (520832/033)

Institution Students Names Testing Lab
UGANDA CHRISTIAN > - e .

NAMN STINE S S20B32214) & s 12
UNIVERSITY AMBOOZE JUSTINE SHILLA (S2 ) Stlrllng

ASSESSING TIE USE OF RIVER SAND AND SAW DUST ASILIN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference Ilahn(ovy Reference No Sampling Date 10Dec 23
Location Penctration Date 1S Mar 24
Depth . Technician Lab team
rb‘ample Descnption WEAK SI'I(GRADE
Number of blows per layer 62
INumber of layers s s §
Mould No T
'a[-xl;y of ;Mil‘r;t;mg Ring (KN) ,{0 50 0
P’roving Ring Constant (KN'div ) 02082 02082 ki
Specd mm mm. Top Rottom
[Penctration of Time | Readng  Force | Reading  Force
he phunger (mm) () | 10'mm kN | *10'mm (KN)
0 0 o oo o 00
08 n 1 02 l 02
o0s u | 02 2 04
078 38 o2 2 04
1 4 2 04 ) 06
18 7 ) o0 s 10
: 1 9% 2 . 04 ? "
28 1ns 3 06 n )
3 142 L) 06 " 29
35 168 « ox 16 W
I 189 1 os 1 37
o as 1 s 10 0 41
s 236 S 10 2 B
ss |0 | e 12 2 19
K 2 6 12 % 83
s Ty 7 14 28 57
- ? [re—
7.8
|Obsery ations
For Students

ah. Technician \

]

B T —

\)

(
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Institution Students Names Testing Lab
‘ Nv':‘M N PaTIAN NAMBOOZE JUSTINE SHI
UNIVERSITY VA) ISTINE SIILLA (S208327214) & MCARNOLD T
K s b S Ak GARRY (S20832/033) Stll‘llﬂg
-

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

Test sample reference . B Ilabqn(ury Reference No Sampling Date 10/Dec/23
ocation . - B Testing Date ) 15/Mar/24
Depth: o - Technician - labtcam
Sample Description WEAK SUBGRADE
PENETRATION vs FORCE CURVE
so
el
’
4
A
’
v
1
A
@ ’f
’
A
A
4
’/
2
2
L
LA
o 0 ! LA
A
g A
s V1
] / 8
% A
20 v
f ~
’ ”,fm-
. PESENENS
f’ | | 11
’f LT
10 L U
L A
A L4
’ -
1A T
111U
4
00
oo 0s 10 15 20 25 30 3s 40 45 50 55 80 85 70 75 L1
Penetration (mm)

62 blows
Force CBR

Bottom | Top | Bottom | Top
2.5 mm Penctration 23 06 17 5
5.0 mm Penctration 45 1.0 23 5
Average 34 | 08 | gos Do

~ _ AV
Retained CBR 198 \
IObservations

. CBRA\ 20

For the Lub )/ \ For Students

ab. Technician

\ Materials I

\\/
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INSTITUTION STUDENTS NAMES e
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD S o
UNIVERSITY GARRY (S20832/033) Stlrll n g
PROJECT ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE
SOILS
STABLISED CBR
(BS 1924 PART 2 1)
[ WEAK SUBGRADE SOILS STABILISED WITH 45% RIVER SAND & 3% SAWDUST
M/c of air dried sample L Mic After Mixing .
Tin No uBB Stabliser 45% RIVER SAND & 3% SAWDUST
Tin + Wetsol gm 1138 Content 50
fosbosol on | iy Tin No i
L o 505 Tin + Wet Soi 2188
(Water gm 320 Tin + Dry Soil 2026
Dry Soil om 12210 Tin s
Mic % 26 Water 129.0
Av. M/c % 26 Dry Soll 1,221.0
Mic 10.6
(a)MDD 1.857 kg/m3 (b)Air Dry M/ic 26 %
(c)wD 1931 kg/m3 (e)M/c to add 7.8 %
(d)OMC 104 % (F) volume 2.305
Date prepared '2/,\|.rm Date immerse 9/Mar/24 Date tested 16/Mar/24
Mould No.
Factor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 44516
(j) Wt of air dried soil 6,000
Air dry M/c 26
(k) soil dry wt (100j/100+b) 5,846.8
Stabiser o
(m)Stablisers content % 5.0
(n) Stabliser to add k x(m/100) 292.3
Water Addition((j+n)x(d-b))/(100+b) 477.0
WL per layer CBR Only h/3
SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
7 DAYS AIR TIGHT, 7 7 DAYS AIR TIGHT, 7
Mould No. DAYS SOAKED AYS SOAKED
2 45% RIVER SAND & 3% | 45% RIVER SAND & 3%
Stabliser SAWDUST SAWDUST
Content % 5.0 5.0
Mould g A B
WetSoilg 4,856.0 4,820.0
Compaction W% '\ 106 106
Dry density kg/m3 \ 1.905 1.891
%Compaction JOIN\ 1026 101.8
FORCE N\ 39 L
A ues K \i-\f,)o.m 0.203 0.21

b
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INSTITUTION STUDENTS , TESTING LAB _,
- i A U S
UGANDA CHRISTIAN _
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & o 7
T WA MCARNOLD GARRY (520832/033) , _ ma—.—:—m L
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
SUMMARY OF ._.mm._. xmmc_.._.w 102 <<m>x mcmmgcm m._.>m=._mmo WITH 45% RIVER SAND & 3% SAW
ﬁ e N i =T I. TR |
GRADING ATTERBERG LIMITS MDD 4 | cer SWEL
LOCATION BLENDED % s S V- . {
m.ﬂnﬂzn 6 | 375 | 2 4 5 2 oaxs|oors GM | W | P | P LS | MDD | OMC | 62 |Averace|
T S ] RN T G o] R (i ! 1 , 1
h 100 7 100 | 00 99 96 2] 29 | 102 7 233 | 180 | 53 ,, 27 | 1857 104 23.7 0.46 0.46
. ) = = — R ! —
WEAK | 100 100 w 00 | 98 o | 80| 20 | 099 | 233 | 180 52 | 27 | s a |
SUBGRAD | weaK : a, — , !
E | SUBGRADE 100 _ 100 _ 100 |98.83 wm.GATQ.wN Na.uo_ 1.01 | 233 ﬂw.o\_ylmh | 2.7 [1.857 104 _ 24 _ 0.46 o.&m\’

STABILISE | sois ! S " ! !

DWITH | , | | | i
| 12/10/2023 , I ) | , | Lo .
RIVER | | [

Kzo-_ “ I I S I I _ . f

gsucﬂ, , ., V , ” , |
AVERAGE | 26 ’ r§_ 23 _: i 27 :S 104 _ 137 ~ 0.45 o..L
L 1
FOR STUDENTS
EORLAB ﬁ “ _ N _‘
|Lab T
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CONTRACTOR

A Comen o (acoms 0 (e bowars of A

INSTITUTION STUDENTS NAMES
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA
UNIVERSITY (S20B32/214) & MCARNOLD GARRY

(S20B32/033)

' Stirling '

PROJECT :

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE STABILISED WITH

Lab Technician

Location :(km) 45% RIVER SAND & 3% SAWDUST Dry wt. of sample before washing: (g) 2996.2
’Depth: (m) Dry wt. of sample after washing: (g) 2155.5
Material Date Sampled: Date Tested: Technician
descriotion: WEAK SUBGRADE SOILS
et 10/Dec/2023 1/Mar/2024 Lab team
Y Y Grading Limits (G60 & 80)
Sieve Size (mm) | Weight Retained (g) | Retained %) Passing (%) 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 20.5 0.7 99 30 65
2.00 896 30 96 20 50
0.425 720.2 24.0 72 10 30
0.075 1296.8 43.3 29 5 15
Total fines 869.1 29.0
Bottom Pan 28.4
Extracted fines 840.7
Total sample 2996.2
Grading Modulus 1.02
100 - =
90
80 —
70
= _
Z 50 —
& —
B i)
30 =
20
10 —
0
001 1.00 10.00 100.00
Diameter(mm)
-
FOR TESTING_L’AB , FOR STUDENTS \
ot ] _&!! A
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INSTITUTION

STUDENTS NAMES

CONTRACTOR

UGANDA
UNIVERSITY

CHRISTIAN

NAMBOOZE JUSTINE SHILLA
(S20B32/214) & MCARNOLD GARRY
(S20B32/033)

I Stirling I

PROJECT : ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
b SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE STABILISED WITH

Location :(km) 45% RIVER SAND & 3% SAWDUST Dry wt. of sample before washing: () 2514.7
Depth: (m) Dry wt. of sample after washing: (9) 1939.9
i Date Sampled: Date Tested: Technician
M |
" a‘?’;? , WEAK SUBGRADE SOILS
escription: 10/Dec/2023 1/Mar/2024 Lab team
. 9 % Grading Limits (G60 & 80)
Sieve Size (mm) | Weight Retained (g) Retalned (%) Passl (%) :
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 41.5 1.7 98 30 65
2.00 29.3 1.2 97 20 50
0.425 4235 16.8 80 10 30
0.075 14251 56.7 24 5 15
Total fines 595.3 23.7
Bottom Pan 20.5
Extracted fines 574.8
Total sample 2514.7
Grading Modulus 0.99
100 fl——l——
90 ———
80
70 |
B = =
2 50 z
~ —
£ 40 :
30
20
10
i : e
001 010 1.00 100 00
- /\ Diameter(mm)
AN

FOR TESTING LAB

Lab Technician
T
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INSTITUTION STUDENTS TESTING LAB :
UGANDA CHRISTIAN |
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Sti r|ing
5 Comme e ' B it o Ay MCARNOLD GARRY (S20B32/033)
PROJECT: ASSESSING .THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone p ter) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: |.ab Team
Location IBGRADE STABILISED WITH 45% RIVER SAND & 3% {Sample Date 10/Dec/2023
[Test method BS 1377: Part 2, 19904 3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE SOILS
PLASTIC LIMIT Test No DT PNU Average -
Mass of wet soil + container (g) 3958 46 84 43 21
Iﬁass of dry soil + r(g) a7 432 401
";Aass of container (g) 2276 2285 22805
IMassofmo:slura (9) 258 36 311
|Mass of dry soil_(g) 1424 2035 17.295
[Moisture content % 181 179 180
IAVERAGE :
LIQUID LIMIT Test No 1 2 2
Initial gauge reading (mm) 0 ) 0 0
Final gauge reading (mm) 155 184 216 242
penetration _(mm) 155 184 216 242
IAVERAGE 155 184 216 242
(Container No FORD PIVPN AS BC {
Mass of wet soil + container (g) 44 65 48.18 57.98 59 98 .1
IMass of dry soil + container 3786 4052 48 26 49 52
"Mass of container (g) 688 712 7.04 714 |
"Mass of moisture (9) 679 7.66 972 1046 |
[Imass of dry soit 3098 334 4122 4238
Moisture content (%) 219 229 236 247
AVERAGE 219 229 236 247
Liquid Limit Determination
25
- Liquid limit (%) 233
23 4— - k] = i +— : |Plastic limit (%) 180
= AT T T T (e ||| Plasticity Index (%) 53
E 24 ) S S [ (B i S (R A |
€ 21 17 T Linear shrinkage 1
K S SN AL S S -
s
H |
& 194—+——+—7TT 1 0 B T T ‘
g { | R Trough No Y
[3) 1T — I 7 T ’
17 +—+ — 1T T 11T 1T ' | ! | Trough length (cm) 140 |
|
Specimen length (cm) 136
15 J g
24 25 26 L.shringage = 04
- ) "&\m" R 9% L shrinkage = 27
Ao A i
Remarks: e X \
! STUDENTS
" Lab Technician
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN

UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirling

A G bt & 0 oo & 01 MCARNOLD GARRY (S20B32/033)

- 5

PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No. |Lab. Reference No.: Technician: Lab Team
Location BGRADE STABILISED WITH 45% RIVER SAND & 3% 4Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 1990.4.3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE SOILS
PLASTIC LIMIT Test No KK aL Average
Mass of wet soil + container 44 31 39 00 41655
([Mass of ary soi + contaimer (g) 40 89 365 38695
Mass of container (g) 2222 2244 2233
[Mass of moisture (g) 342 25 296
Mass of dry soil 1867 1406 16 365
Moisture content % 183 178 180
IAVERAGE
LIQUID LIMIT Test No 1 2 3 4
Initial gauge reading (mm) .0 0 0| 0
Final gauge reading (mm) 155 187 214 244
netration (mm) 155 187 214 244
IAVERAGE 155 187 214 244
Container No P157 BC P182 ¢ A15
[Mass of wet soil + container (g) 5139 5145 57 88 57 67
Mass of dry soil + container (g) 43 40 4328 4815 47 56
[Imass of container (g) 687 712 702 7.00
[mass of moisture (g) 7.99 817 973 10.11
[[mass of ary soil (g) 3653 36.16 41.13 4056
Moisture content (%) 21.9 226 237 249
AVERAGE 219 226 237 249
Liquid Limit Determination
25
Liquid limit (%) 233
e N A N I ot A | Plastic limit (%) 180
- o ¥ 1 ] Plasticity Index (%) 52
E SN Y S L
s 21— Linear shrinkage
3 ‘ 1
s
§
Ewi+——T1"T""& )
§ | A g b Trough No Y
o e 57 T 1T
17 4+—— 1+ ==t 1 I 1 & 1 Trough length (cm) 140
] .ﬁ' . Specimen length (cm) 136
D ; N
15 [¢ .
21 /;‘23 23 24 25 L.shringage = 04
s ,'<_,/~;-~ Moisture Content % % L shrinkage = 27
o
Remarks: /0 / ¥ \ ]
s \ : STUDENTS
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN R
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
bt e s GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
TestReferenceNo. Lab. Reference No Date Sampled Date Tested Technican
"~ WEAK SUBGRADE STABILISED WITH 45% RIVER a |
Mi
- e e _ SAND & 3% SAWDUST _ 10eciz) Iy = L
A p WEAK SUBGRADE SOILS Natural moisture (%) : 11.0
TEST DATA
__ Weight of rammer (Kg) No. of blows per layer No of layers  |Height of drop (mm) _[Diameter of mould(mm) |Volume of mouid (cm’)
45 62 5 457 152 2,305
MOISTURE CONTENT DATA
Test No
1 2 3 4 5
(Tin No. A A A A A
Water Added em’ 180 240 300 360 420
Mass of Compacted soil + mould gm 5,085 5175 5266 5246 5,197
[Mass of Mould gm 3215 3215 3215 3215 3215
[Mass of Compacted soil gm 1870 1960 2051 2031 1982
Volume of mould cm® 1,000 1,000 1,000 1,000 1,000
Wet density of soil glem’ 1.870 1.960 2051 2031 1982
DATA FOR PROCTOR CURVE
Container No JKL FOR AXE JK ROD
Mass of wet soil + Container gm 2,355.0 2,104.0 2,159.0 1,856.0 21750
Mass of dry soil + container gm 2.2600 2,0000 20310 1,708 0 20040
[Mass of container gm 8020 7890 8050 506 0 8050
Mass of water added gm 95 104 128 148 171
Mass of dry soil g 1458 1211 1226 1202 1199
IMoisture content % 65 86 104 123 143
Dry density glcm® 1.756 1.805 1857 1.808 1735
Maximum dry density (gm/cm’) 1.857 Optimum moisture content (%) 104
]
1870 }
-
5= o 41— ———/J/-——% \\, —— = — +—H
B! Y ) S0 1N o 1 Ll S [ 0 3 ) .
| i N 8 ENUE i
EEEEEE ) L1 N
= 1820
g A A TR RN ,
¢ HHHAHH A HH THH PNEF
z
& N
'3 <
o 1770
1 D - N
B ., (5 % 8 1 . —— - =5
e 60 70 80 9.0 100 10 120 130 140
N Moisture Content (%)
N
Remarks:

FOR STUDENTS

Lab Technician

FOR TESTING LAB ﬂ y

]
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Testing Lab

& Fmmn 5 e o By

Institution Students Names
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20032/214) & MCARNOLD GARRY

(S20132/033)

l Stirling I

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

ample Description:

WEAK SUBGRADE SOILS

SUBGRADE SOILS
CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)
Test sample reference : [Laboratory Reference No.: Sampling Date 10/Dec/23
WEAK SUBGRADE STABILISED WITH 45% 3/Mar/24 N
Location: B _.-RIVER SAND & 3% SAWDUST Casting date : =
Testing Date :  7/Mar/24
Technician _: Lab tcam

Volume of Mould used (m’)

Volume of water added

Natural moisture of air dried sample

TinNo. S UBB Mass of air dricd soil (g) ) 6000
Tin + air dricd soil sample (@) | 1758 | i MDD Mgm’) | _1.857
Tin+ovendrysoilsampleg) | i | NMCCO = -
fin@) |  s05 _ OMC (%) 10.4
Dry soil sample 1221 Added OMC (%) 78
Waier(e) - n Calculated dry;lio?so;l (2) 7 58428 )
IN.M.C (%) 26 —Walcr added (g) o o J;‘
Average (%) N gz‘(; \i‘th'Td;(Enlj) i 455
INumber of blows 62
[[Number of layer 5 ] B

Water Content Determination Before Soaking | After Soaking

Tare No o AXE | - SER - S :

Mass of wet sample + Tare g | ans5| - | 1782) - [ : _
Mass of dry sample + Tare g | 2026 - 1625, - .

Massof Tae g ] 805] > 805). = f I 1

Mass of water g ) 1299 - 127, - B .

Mass of dry sample g | 121 - 80 -

Water content % | 106 - 155 -

;\\'cragc water Content ) Y% 10.6 15.5

\Density determination

MouldNo | . BB |

[Mass of mould + soil e 10926 11143

Mass of mould - . 3 6509 6509 )

Mil?iol'mﬂ - g ) 4417 4634 - o

Volume of the mould cm3 2305 2305

Moist density geml 1916 2011

Dry density /em3 1.733 1.741

\Swell Determination

Date IHour ).Gauge Reding

Initial reading 96 hrs 17.26

Final reading . | 17.85 L
Ileight of the specimen ; - 127

I leight of swell 0.59

Swelling(%) 046~
AR
Observations . X \ .
For the Lab Pt ok For Students
7~ ' ¥ :
;/ I
I\ N (
Lab_Technician A MferilyMidsind-r £ (M/
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Institution Students Names Testing Lab
UNIV’::STCYHRISTMN NAMBOOZE JUSTINE SHILLA (S20B32/214) & St. l.
MCARNOLD GARRY (S20832/033) iriing
ACmes o Luwims o de Hown of Abus bl
i B
ASSESSING TIE USE OF RIVER SAND AND SAW DUST ASII IN TIHE STABILISATION OF WEAK SUBGRADE SOILS i
CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)
Test sample reference : ]lnhnmlory Reference No. Sampling Date 10/Dec/23
Location: Penctration Date 7/Mar/24
pth V ['echnician Lab tcam
Sample Description : WEAK SUBGRADE SOILS S B
INumber of blows per layer 62 o S _ -
INumber of layers B o s i L] g 3 s
Mould No | o - ]
?"LWL’)_ of the Proving Ring (KN) i o ;0 - ’ . 50 = s = %0 —
\Proving Ring Constant (KN/div.) E 0282 02052 02052 4
Speed : ....mm min. Top Bottom i
[Penctration of Time | Reading  Force | Reading | Force
he plunger (mm) (s) | *10'mm | (kN) |*10'mm (KN)
o fef o oo f oo [eoff o i S
= 025 Lo pear foot 0. 02 4 1 02 I B — - — ]
! 0s JE VI N U S S Y ol N | S . S G
i 0.75 35 2 04 3 06 —
o PSS | o U I 04 S 10 N
o L5 n o) 3 06 7 | 14 | [
A & SEL—] % | S8 PR £ 06 1 23 b - |z
R SR 1 L 41 08 14 29 |t L. NN o .
- 3 . 142 4 08 16 33 v y F) .
35 165 s 10 20 41 - o . -
PRORREOR| [ | . [N [ 10 | 2 45 | - i
45 I 23 | 6 1.2 24 | 49 I . »
s a6 | 1 .4 35 | sa N
5.5 260 | 8 16 27 | ss N
6 | s | 9 | 18 | 29 @60 = e
6.5 1 307 | 9 | 18 30 _Vb_.Z P ey 1 B o
7 B | 10 | @ ] 92 g6 g - L L .
75 2T -
(Observations /\’} i - - - -
For Students
]

Lab. Techmician
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Institution

Students Names Testing Lab

UGANDA CHRISTIAN
UNIVERSITY

A G 4 frcmiomes  ohe Mot o4 Abcn

v

NAMBOOZE JUSTINE SIILLA (S20B32/214) & MCARNOLD

GARRY (S20832/033) Stirling

ASSESSING THE USE OF RIVER SAND ANb SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RA TIO TEST (BS1377 Part 4)

Test sample reference : - 77JLaborLlury ReferenceNo.  [SamplingDate : 10D
Locaon: o B Testing Date 7’M“{,24
Depth: __ - o . Technician Lab tcam -
Sample Description WEAK SUBGRADE SOILS
PENETRATION vs FORCE CURVE
100
90
80 |-
70 | L q
—’—‘
60 LT
= Lt
§ —"—
: 11 ]
50 N RREC -
‘% L LT EziB
—"'
40 - 4
’f
4 +
R |62+
30 |- L1
L
»
1
-~
20 A L
rd 1 H
A L
LT =] | LT
10 P sggs ] L
» ]
L+ -
‘—G: 1
00
oo 0s 10 15 20 25 30 3s 40 45 50 55 60 85 70 75 80
Penetration (mm)
62 blows
Force CBR
Bottom | Top | Bottom | Top
2.5 mm Penctration 29 0.8 22 6
5.0 mm Penctration 5.1 14 26 7
Average 40 47 -{23‘7'\ 6.7
Retained CBR LN 23 \
(Observations 3 CBR\_ 24
For the Lab /) s & N For Students
\ & 3
Jlab, Technician \ Materials ) l/ i ’% M

\ /¥
\ 227
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INSTITUTION STUDENTS NAMES TESTING LAB
[ LJ
NAMBOOZE JUSTINE SHILLA (S20B832/214) & MCARNOLD St l
mﬁ# el GARRY (S20832/033) l r ln

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE

PROJECT SOILS
STABLISED CBR
' (BS 1924 PART 2 1)
l WEAK SUBGRADE SOILS STABILISED WITH 60% RIVER SAND ONLY
M/c of air dried sample Mic After Mixing
Tin No KAN o Stabliser 60% RIVER SAND ONLY
Tin + Wet soil  gm 2504 Content 50
TneDysol om | Tin No oD
Tin gm = Tin + Wet Soil 2183
Water om 170 Tin + Dry Soil - 2065
Dry Soil om 1,778.0 Tin 765
M/c % 1.0 Water 118.0
Av. M/c % 1.0 Dry Soil 1,300.0
Mic 9.1
(a)MDD 1.898 kg/m3 (b)Air Dry M/c 10 %
(c)WD 1,537 kg/m3 (e)M/c to add 74 %
(d)OMC 8.1 % . (F) volume 2.305
Date prepared o Zl\hrg; Date immerse i 9/Mar/24 Date tested T 16/Mar/24
Mould No.
IFactor(f) 2.305
(h)Wet Soil to fill mould ¢ x f x %comp 3,542.7
(j) Wt of air dried soil 6,000
Air dry M/c 1.0
(k) soil dry wt (100j/100+b) 5,943.2
Stabliser e
(m)Stablisers content % 5.0
(n) Stabliser to add k x(m/100) 297.2
Water Addition((j+n)x(d-b))/(100+b) 4456
Wt. per layer CBR Only h/3

SPECIMEN WEIGHT CHECK
No. of blows 62.0 62.0 AVERAGE
5 Al e
Stabliser 60% RIVER SAND ONLY| 60% RIVER SAND ONLY
Content % 5.0 5.0
Mould g A B
Wet Soil g 4,955.0 4,796.0
Compaction M/c % 22N 9.1 9.1
Dry donsity kg/m3 " | 1,074 1.908
%Compaction .~ N\ 1039 100.5
_FORCE il '\\ 2.1 2.5
" ues 0.135 0.12

B A
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INSTITUTION

UGANDA CHRISTIAN
UNIVERSITY

A Comtre ol Farsiimns b she oy o Al

NAMBOOZE JUSTINE SHILLA (S20B832/214) &

STUDENTS

MCARNOLD GARRY (S20B32/033)

PROJECT:

TESTING LAB

[
R S

| ﬁ Stirling _ |

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

SUMMARY OF TEST RESULTS FOR

WEAK SUBGRADE SOILS STA

BILISED WITH 60% RIVER SAND ON

|Lab Technician

WEBM%‘%

G [ .= | CBR ,
GRADING ATTERBERG LIMITS MDD ’ CBR
LOCATION  BLENDED % - N a o . A SWELL |
, SAMPUNG ,, , , MDD | OMC | 62 |AVERAGE
A DATE 63 | 375 | 20 5 2 joasjoms M u | m | M| L , | L
WEAK | n |
SUBGRAD | 100 | 100 | 100 | 100 | 97 59 18 | 127 | 23 | NONPLASTIC | 14 | 1898 | 81 37.8 | 016 | -016 |
s SRS G SR EENESRES S |
ﬁ 100 100 100 | s | 9 58 | 12 | 134 | 226 | NONPLASTC & 14 . ﬁ ~ | - .,
ﬁ b =0 (T T T |
|neanbe SL 100 | 100 99.44|96.63 | 58.27 z.i 130 | 22.8 |[NONPLASTIC| 1.4 (1898 8.1 _ 38 016 036 |
, | | = , ,
| 12/10/2023 | , |
] =1 SRR o ——— | —T T + T -
| | | | |
o | STje——— — 1 1 S 1 | | = |
, | . B
W‘ﬁrrom 8/% 97 _ 58 _ 15 ? 1303 _ 28| ? e.aj 14 M 1.898 ﬁ 81 f 373 f 016 | 016
I \ i PLASTIC [/ 5 o i e
FOR STUDENT
FOR LAB

daf 2

=
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INSTITUTION STUDENTS NAMES
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA
UNIVERSITY (S20B32/214) & MCARNOLD GARRY
A Comen d (iwbrne s e Vs of Aoy (szoBszloss)

CONTRACTOR

PROJECT :

ASSESSING THE USE OF.RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
SUBGRADE SOILS

PARTICLE S!ZE DISTRIBUTION (BS 1377 -2 - 90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE SOILS STABILISED

50

% Passing

40 {—

30

[Location :(km) WITH 60% RIVER SAND ONLY Dry wt. of sample before washing: (g) 2631.9
Depth: (m) Dry wt. of sample after washing: () 2189.6
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRADE
’ 10/Dec/2023 1/Mar/2024 Lab team
i ing (¢ ing Limits (G60 & 80
Sieve Size (mm) | Weight Retained (g) | _Re'2ined (%) FassingiN) i Limis )
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 9.4 0.4 100 30 65
2.00 74.0 2.8 97 20 50
0.425 1001.0 38.0 59 10 30
0.075 1083.8 41.2 18 5 15
Total fines 463.7 17.6
Bottom Pan 214
Extracted fines 4423
Total sample 2631.9
Grading Modulus 1.27
100 ——n o
80 T
70 {— — =
60 f ——

100.00

FOR TESTING LAB

Lab Technician \
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INSTITUTION STUDENTS NAMES CONTRACTOR
UGANDA CHRISTIAN NAMBOOZE JUSTINE SHILLA -
a UNIVERSITY (S20B32/214) & MCARNOLD GARRY Stirling
A Comace 4 Fuwlomn o be Poser of Ay (SzoBszloss)

PROJECT : ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK
: SUBGRADE SOILS

PARTICLE SIZE DISTRIBUTION (BS 1377 - 2-90)

Test Reference No.:

Lab. Refernece No.:

WEAK SUBGRADE SOILS STABILISED
Location :(km) WITH 60% RIVER SAND ONLY Dry wt. of sample before washing: (g) 2856.8
Depth: (m) Dry wt. of sample after washing: (g) 2531.4
Material Date Sampled: Date Tested: Technician
description: WEAK SUBGRADE
10/Dec/2023 1/Mar/2024 Lab team
Sieve Size (mm) | Weight Retained (g) Retained (%) Passing (%) Grading Lenits (G40 =)
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 21.7 0.8 99 30 65
2.00 80.5 28 96 20 50
0.425 1105.1 38.7 58 10 30
0.075 1308.2 45.8 12 5 15
Total fines 3413 119
Bottom Pan 15.9
Extracted fines 3254
Total sample 2856.8
Grading Modulus 1.34

100
90
80
70
60 -
50 |-
40

% Passing

T ——

10.00

100 00

M

|
1
&
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INSTITUTION STUDENTS TESTING LAB
UGANDA CHRISTIAN R T
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & Stirli ng
A (e o o = e Vo o Al MCARNOLD GARRY (S20B32/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
) : WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.: Technician: Lab Team
Location UBGRADE SOILS STABILISED WITH 60% RIVER SAN Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 19904 3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE
PLASTIC LIMIT Test No
[Mass of wet soil + container (g)
[Mass of dry soil + container (g)
[IMass of container () NON PLASTIC
|[Mass of moisture (9)
|[Mass of dry soil (g)
Moisture content %
IAVERAGE
LIQUID LIMIT Test No 1 3 .
Initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 15.2 184 215 246
penetration (mm) 152 18.4 215 246
IAVERAGE 152 184 215 246
|IContainer No A P121 AO GY
[Mass of wet soil + container (g) 68 47 80.32 66.06 40.25
[[Mass o dry soil + ¢ 57.40 66 80 5489 3380
"Mass of container (g) 7.09] 7.11 692 6 85
[IMass of moisture (g) 11.07 13,52 11.17 645
[[Mass ot ary soil(@) 5031 5969 47.97 26.95
[Moisture content (%) 220 227 233 239
AVERAGE 220 227 233 239
- Liquid Limit Determination
Liquid limit (%) 230
23 - | R | R, 5 4 e, Plastic limit (%)
i | | NON PLASTIC
E Plasticity Index (%)
E :
21 —t + g
§ Linear shrinkage
5 § -
]
H (.
2
3 Trough No H
Trough length (cm) 140
Specimen length (cm) 138
2 24 L.shringage = 02
\ vy oisture Content % 959
v % L.shrinkage = 14
STUDENTS

. Lab Technician -

\
I

i
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INSTITUTION . STUDENTS TESTING LAB
UCANGA CHEBTIAN NAMBOOZE JUSTINE SHILLA (S20B321214) & Stirling
UNIVERSITY
e MCARNOLD GARRY (S20832/033)
CT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF
PROJECT: WEAK SUBGRADE SOILS
ATTERBERG LIMITS
Liquid limit (cone penotrometer) and plastic limit
Test Reference No.: [Lab. Reference No.. Technician: Lab Team
Location UBGRADE SOILS STABILISED WITH 60% RIVER SAN Sample Date 10/Dec/2023
Test method BS 1377: Part 2, 19904 3/4 4 Test Date 13/Dec/2023
LAYER WEAK SUBGRADE
PLASTIC LIMIT Test No
IMass of wet soil + container
NON PLASTIC
Mass of moisture
Mass of dry soil (g)
Moisture content %
IAVERAGE
N
LIQUID LIMIT Test No 1 2 s
initial gauge reading (mm) 0 0 0 0
Final gauge reading (mm) 156 189 217 249
penetration (mm) 156 189 217 249
IAVERAGE 156 189 217 249
ontainer No 6E P12H AS A6
lass of wet soil + 68 64 67.24 66 59 64 90
Mass of dry soil + container 87.71 5713 5541 5376
Mass of container (9) 707 1161 707 685
Mass of moisture 10 93 1011 11.18 1114
Mass of dry soil 50 64 4552 4834 46 91
Moisture content (%) 216 222 231 237
AVERAGE 216 222 231 237
25 Liquid Limit Determination
Liquid limit (%) 226
23 IS N T AN SR NS S SE S S e ey Plastic limit (%)
R [ I | | | | f ! i | NON PLASTIC
E a Plasticity Index (%)
E 21 et 1| +— 1 n
K] Linear shrinkage
5 — 15
E -
; 94——"T"""8"" — = -
S e o ) S S (= = Il L o Trough No H
N I B e e ey ey I — T
rough length (cm) 140
= ] /.-\ | | Specimen length (cm) 138
P> - \
21 SN 23 24 L.shringage = 02
Pl \Momun Content %
) \ % L.shrinkage = 14
: i STUDENTS
\ Lab Technician |

X 82

e
—
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INSTITUTION STUDENTS NAMES TESTING LAB
UGANDA CHRISTIAN
UNIVERSITY NAMBOOZE JUSTINE SHILLA (S20B32/214) & MCARNOLD
e e 6 & 4 00 GARRY (S20832/033)
PROJECT: ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS
Test Reference No. - |Lab. Reference No Date Sampled Date Tested Technician
" WEAK SUBGRADE SOILS STABILISED WITH 60% 4 Lab team
o o i " RIVER SAND ONLY 10/Dec/23 1Mar2
IMatenal description: WEAK SUBGRADE Natural moisture (%) : 1.0
TEST DATA
No. of blows per layer No of layers  [Height of drop (mm) | Diameter of mould(mm) |Volume of mould (em’)
62 s 457 152 2,305
MOISTURE CONTENT DATA
1 3 4
A A A A A
em’ 120 180 240 300 360
gm 6,129 6,247 6,333 6,304 6,266
gm 4,280 4,280 4,280 4,280 4,280
gm 1849 1967 2053 2024 1986
\Volume of mould cm’ 1,000 1,000 1,000 1,000 1,000
[Wet density of soil glem’ 1849 1967 2053 2024 1986
" DATA FOR PROCTOR CURVE
Container No BKN CR7 ucu YCY NRM
Mass of wet soil + Container gm 23120 22420 25190 2,560.0 24940
[Mass of dry soil + container gm 22440 21530 2,3890 24010 23080
[Mass of container gm 8020 7710 8080 8200 7960
Mass of water added om 68 89 130 159 186
Mass of dry soil om 1442 1382 1581 1581 1512
[Moisture content » a7 64 82 101 123
Dry density glem’ 1.766 1848 1897 1839 1.768
Maximum dry density (gm/cm’) 1.898 Optimum moisture content (%) 81
1.900 =
- - 4} s o S O IS Y O - - = i
e e / \\
= - ] [ ) & <2 E NS =
N A I e N . i - -
N
7
E 1850
£ : 1 81 5 - ENEANEENEEEE
i A ” N !
S = B /_ o i ——— 777\7 35 () N O8N
£ N
1.800 / \\
_ 1 | b :
y m o) - ~=
1.750 " -
as 55 €S _~ o 1S 85 95 105 18 125
i oY Moisture Content (%) _)
\ A
Remarks: X v \
AN \ FOR ENTS
Lab Technician )
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Institution

Students Names

UGANDA CHRISTIAN
UNIVERSITY

A Com o (s 4 b P o A

NAMBOOZE JUSTINE SHILLA (S208327214) & MCARNOLD GARRY
% (520812/033)

Testing Lab

| Stirling I

SUBGRADE SOILS

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK

CALIFORNIA BEARING RATIO TEST (BS 1377 Part 4)

Test sample referenc : o |Lﬂb0[nlory Reference No.: Sampling Date : 10/Dec/23
" WEAK SUBGRADE SOILS STABILISED WITH i — i )
ation: 60% RIVER SAND ONLY Casting date
Testing Date : 16/Mar/24
ISample Description: WEAK SUBGRADE Technician : Lab tcam
Volume of Mould used (m’) 2305
Natural moisture of air dried sample Volume of water added
TinNo. | KAN Mass of air dried soil (g) 6000
Tin + air dricd soil sample (g) 2sos | " MDD (Mg/m’) 108
Tin + oven dry soil sample (g) 2577 NMC (%) 1.0
e 79 OMC (%) a1
DOry soil sample 1778 Added OMC (%) 71
Water (g) o 17 Calculated dry wt of soil (g) 59426
NM.C (%) - w0 | “Water added (g) 5
Average (%) 1.0 © Water added (ml) 428
Number of blows 62
.‘;Jumhcr of layer ) ] 5
||\Water Content Determination Before Soaking  [After Soaking
Tare No CMD - BBC -
Mass of wet sample + Tare g 2183 - 2303 -
Mass of dry sample + Tare g 2065+ - 2161 -
Mass of Tare B 765 - 808 -
Mass of water gl 118) 142 -
Mass of dry sample g | 130 - | 1353] - | [ )
Water content % 91 - 105 - |
/;\;'lr:ragcr\\‘alcr Content % 9.1 10.5
Density determination
Mould No o N sr ) |I o )
Mass of mould + soil g 10196 10264 )
Mass of mould 3 5396 ~53%
Mass of soil g 4800 4868
Volume of the mould _m3 2305 2305 L
Moist density gem3| 2082 [ 2112
Dry density g/em3 1.909 1911
ILS'W(II Determination
||l)al= Iour D.Gauge Reding
[linitiat reading 96 hrs 20
fiF inal reading i N \20‘2 B -
I leight of the specimen — — 127 -
I eight of swell 0.‘)\
Swelling(%) 016\
p \
Observations A D) = \ ——
7 XD -
For the La / ) a ) For Students

Lab._Technician

Vcd
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Institution Students Names Testing Lab
UGANDA

UN]V[RSITCYHRISTMN NAMBOOZE JUSTINE SHILLA (Sonn i) & S . I-

R e .\I('n\RN()Ll)(..l\I(R\' (S20132/033) tlr Ing

ASSESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

|"'V-“7W"I‘|\‘ r}‘fcn:nc-: II Aaboratory Reference No Sampling Date 10/Dee/23
Lockhion Penctration Date 16/Mar24
Dcﬂ Technician Lab team
[Sample Description : WEAK SUBGRADE
N{nnhcv of blows per layer 62
INumber of layers o o - s s 3
IMould No - 8T
“apacity of the Proving Ring (kﬂ) ) ] 50 0
Proving Ring Constant (KN/div.) o . 02082 02082 02052
Speed : mm min Top Bottom
Penctration of Time | Reading  Force | Reading  Foree
he plunger (mm) (s) 10" mm (KN) *10"'mm (KN)
o 7077‘ I LU .00 0 00
028 n |02 1 02
m 0.8 14 | 1 02 2 04
a 075 38 2 o4 | oa 06
e e 47 3 06 | 4 08
_ s n 7 | 4] 8 16
oo, o Joou ) w0 Logg ) o | as )
25 us | s | 31 .1 47} 38
3 142 20 41 | 22 4s
38 165 B 87 0 62
4 8 | 3 12 3 76
o 4s 213 al 84 u 90 )
s _B6 | 45 | 92 | 48 | 98
5.5 260 | 49 100 s 109
6 | 1w 2 | 107 55 113 | =
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Institution Students Names Testing Lab
UGANDA CHRISTIAN
‘ UNIVERSITY NAMBOOZE JUSTINE SIILLA (S20B32/214) & MCARNOLD T
ottt GARRY (S20832/033) Stir hn2

ASS N
ESSING THE USE OF RIVER SAND AND SAW DUST ASH IN THE STABILISATION OF WEAK SUBGRADE SOILS

CALIFORNIA BEARING RATIO TEST (BS1377 Part 4)

[Test sample g l
L sample reference Laboratory Reference No Sampling Date 10/Dec/23
= - T'esting Date 16/Mar/24 B
— __|Vechnician l.ab tcam -
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2.5 mm Penctration 3.5 31 26 23
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ETLAB..

DIRECT SHEAR BOX TEST OF SOILS (BS EN ISO 178922-9:2017)

|
s ASSESSING THE USE OF RIVER SAND AND SAW DUST ) Final Year project
: ASH IN THE STABILIZATION OF WEAK SUBGRADE SOILS |™*** | o
Uganda CHRISTIAN Students | NAMBOOZE JUSTINE SHILLA OLD GARRY y
Y UNIVERSITY Details 5208321214
Sample Source:  Busunju . - - o
Sample Type: sandy CLAYS for subgrade layer modified with 45% River sand and 3% saw dust as{Depth (m): 10-15
Date Tested: 127-Mar-24 - B i
Material Type: Moulded Sample.
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Telephone

+256 (0) 414 250 464 (Gen)
+256 (0) 414 250 474
Email: dgal@mia.go.ug
Website: www.mia.go.ug

In any Correspondence on
this subject please
quote NOG i st

02" February 2024

on ooy V;,D‘i,“rgm
THE REPUBLIC OF UGANDA

MINISTRY OF INTERNAL AFFAIRS
DIRECTORATE OF GOVERNMENT

ANALYTICAL LABORATORY

Plot No. 2 Lourdel Road
Wandegeya,

P.0. BOX 105639
Kampala - Uganda

MS. NAMBOOZE JUSTINE SHILLAH AND MR Mc ARNOLD GARRY
REG NO. S20B32/214 &  S20B32/033

UGANDA CHRISTIAN UNIVERSITY

P.OBOX 4,
MUKONO-UGANDA
Tel: 256-778-051449

Description of the Samples

REPORT OF ANALYSIS

One sample in a black polythene bag containing saw dust ash sample was
submitted by Ms. Nambooze Justine, on 25t January 2024, and analysed on 31st

polythene bag.

January 2024. A summary of the sample received is shown in table below
Description
Saw dust Ash sample packed in a black

Quantity

Assigned Lab ID

Sample “A”
GE 038/2024

Analysis Requested
Elemental analysis

Method of Analysis

Elemental analysis was done using the XRF Method.

Resuits of Analysis

Parameter

The above sample has been analyzed with the following results as below,
Results

Saw: dust Ash sample

GE 038/2024

Remarks

Silicon dioxide % m/m 67.87

. Calcium Oxide % m/m 10.47
Aluminum Oxide % m/m 8.63

. lron (lll) Oxide % m/m 4.54
Manganese (ll)Oxide 7% m/m 4.53
Potassium Oxide % m/m 2.80
Phosphorous pent oxide % m/m 0.19
Titanium di oxide % m/m 0.07

1. Results relate to sample analyzed and are reported as on received basis.

=t ooty

Semalago Fredrick
Government Analyst

“Go Scientific for a Safe and Just Society”
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