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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 
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dry density was also seen to increase until it reached its highest of 1.898 g/cm3 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. 



2 
 

 

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 
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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). 
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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. 
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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 
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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 500oC. 

1.7.2 Time scope 

Thw study was conducted from August 2023–April 2024. 
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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. 
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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. 
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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 number 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. 
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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.  

 

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.  
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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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𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 =
𝑚𝑎𝑠𝑠 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠
× 100 

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 𝜃 and the cohesion of the soil directly 

proportional. 

𝜏 = 𝐶 + 𝜎𝑡𝑎𝑛𝜃 

Where C is the cohesion 

𝜃 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 

class 

GM Compaction CBR % CBR 

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 

passing (%) 

100 100 100 99 99 92 57 

 

 

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. 

 

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 

 

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 

 

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 

 

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, GI before 

stabilization of the soil for use as a subgrade material. Therefore, to obtain the GI 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 + 0.005(50.6 − 40)] + 0.01(57 − 15)(30.5 − 10) 

𝐺𝐼 = 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 GI 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/cm3 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. 

 

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 (III) oxide 8.63 

Iron (III) oxide 4.54 

Manganese (II) 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 

 

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 (II) oxide 15.45 

Aluminum (III) oxide 10.9 

Iron (III) 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 (%) PI (%) SL (%) 

 0% river sand and 12% 

saw dust ash 

26.5 9.1 9.1 

15% river sand and 9% 

saw dust ash 

24.8 7.0 7 

30% river sand and 6% 

saw dust ash 

24.2 6.4 6.45 

45% river sand and 3% 

saw dust ash 

23.3 5.3 5.25 

60% river sand and 0% 

saw dust ash 

22.8 Non-Plastic Non-Plastic 
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4.4.1.1 Liquid limit 

 

 

 

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 

 

 

 

Figure 11: Shows a graph of plasticity against percentage variations 

 

The PI 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 

 

 

 

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 

 

 

Figure 13:  Shows a graph of OMC against percentage variations 

 

 

 

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 

 

 

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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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 

 

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% 

 

100 0 0 50.6 20.1 30.5 15 1.807 14.4 6 1 - 

88 0 12 26.5 17.4 9.1 5 1.667 18.2 8 0.65 0.11 

76 15 9 24.8 17.7 7.0 3.6 1.682 18 9 0.6 0.14 

64 30 6 24.2 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 
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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 

 

 

 

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. 

 

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 

 

Figure 19: Shows the UCS soil classification chart value 

For clayey materials, determination of GI is important to identify the change or the 

improvement that has occurred after the stabilization of the soil sample. From the 

equation below, the GI 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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𝐺𝐼 = 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: GI 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. 

 

Figure 20: Shows a graph of shear strength against normal stress 
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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 (III) oxide and other trace elements was such 

that the sum of the percentage of silicon dioxide, Aluminum dioxide and iron (III) 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 
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Figure 23: Showing wet sieving 

 

Figure 24: Shows sample being placed in mould 

 

 



63 
 

 

 

Figure 25: Shows saw dust ash 

 

Figure 26: Shows sample being weighed 



64 
 

APPENDIX B 
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