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ABSTRACT 

The research report focuses on the stabilization of marginal laterite soils using steel 

slag and quarry dust for the construction of a subbase road layer. Laterite soils, 

commonly found in tropical and subtropical regions, are characterized by their physical 

nature, chemical composition, and geological characteristics. The report highlights the 

challenges associated with using laterite soils in road construction, particularly their 

variability in quality and the need for stabilization to meet strength requirements. The 

research aims to assess the suitability of using steel slag, a byproduct of the steelmaking 

process, and quarry dust, a byproduct of stone crushing, as stabilizers to improve the 

engineering properties of laterite soils. The methodology section details the various 

tests conducted to evaluate the physical and mechanical properties of the soil samples, 

including the California Bearing Ratio (CBR), Atterberg limits, and particle size 

distribution. The results indicate that the addition of steel slag improves the load-

bearing capacity of the soil sample by 160% at 40% of steel slag. Quarry dust reduces 

the liquid limit by 13%, plastic index by 27% and linear shrinkage by 33% at 10% of quarry 

dust in the blend. The report concludes that the use of these industrial byproducts not 

only enhances the performance of the soil but also offers environmental benefits by 

recycling waste materials and reducing the need for natural resources.  
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CHAPTER 1: INTRODUCTION 

1.1 BACKGROUND 

Lateritic soils are a leached residue that results from the natural process of laterization 

in tropical and sub-tropical regions around the world. Laterite soils are defined 

according to physical nature, chemical composition, geological characteristics, and 

morphology. The characteristics of laterite soil depend on numerous factors, such as 

origin process, atmosphere, rain magnitude, temperature, parent rock nature, bed 

surface properties, weathering course, etc. and it can be influenced by the synergetic 

effect of all these factors (Kumar et al., 2022). 

Laterite soils are mainly composed of aluminum, silicon, and iron oxides and may 

contain crystalline phases such as quartz, kaolinite, halloysite, goethite, hematite, and 

ilmenite. The bulk density of laterite depends on its chemical composition, which 

typically varies widely from 0.9 to 3.6 g/cm3. It increases with iron content and 

decreases with alumina content (Kaze et al.,2022). 

Laterite soils are used in the construction of the subgrade, subbase, and base layers of 

flexible pavements. This is because of their good strength properties; however, quality 

laterite soils may not be available in the local area of the road project and engineers 

are forced to improvise and stabilize the marginal laterite soils to improve them to 

meet the strength requirements for natural gravel used to construct the pavement 

layers (Sudla et al., 2018). 
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The most common stabilizers used for the stabilization of laterite soils are cement and 

lime for chemical stabilization and crushed rock for mechanical stabilization. 

Cement stabilization is widely used because it is widely available, cost-friendly, highly 

durable, and quite weather-resistant. Granular soils with sufficient fines are ideally 

suited for cement stabilization as they require the least amount of cement. Cement 

stabilization however causes cracks in the soil due to hydration and the manufacturing 

process of cement leads to adverse effects on the environment. 

Mechanical stabilization with crushed rock is another common method of stabilizing 

laterite soil due to the availability and proximity of crushed rock. However, stabilization 

using crushed rock distorts the particle size distribution of the soil and lowers the 

cohesiveness of the soil. Crushed rock is a non-renewable resource, and its continued 

mining makes it susceptible to depletion (Opara & Ejiogu, 2021). 

Steel slag is a solid waste byproduct from industrial steel production generated from 

the conversion of iron to steel in a Furnace. Recycling of scrap steel is performed by 

the Electric Air Furnace which also generates slag but of varying properties. Other types 

include the ladle refining slag and casting residue. The slag is rich in calcium oxide 

which contributes to the cementitious properties of the slag. It also contains other 

oxides such as silicon, iron, aluminum, and magnesium which are impurities from the 

steel manufacturing process that undergo oxidation and are eliminated from the molten 

metal. These chemical properties vary depending on the steel grades used, furnace 

type, and pretreatment method used (Wandera, 2021). This enhances the soil strength 

through a series of chemical reactions forming calcium silicate hydrates having reacted 
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with silicates in the soil. It is characterized by adhesive properties making it a suitable 

binder aggregate for unbound bases subbases, and pavement surface layers in road 

construction (Yi et al., 2012). 

Quarry dust is a by-product formed as a result of the crushing and cutting of stone 

(Prakash & Hanumantha Rao, 2017). Quarry dust is a fine powdery material made of 

crushed rock particles, primarily comprising silica, feldspar, and other minerals 

depending on the parent rock type (Subramanian & Kannan, 2013). Quarry dust has 

been a widely used material in improving the properties of problematic soils to fit 

different engineering purposes.  
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1.2 STATEMENT OF THE PROBLEM 

Uganda's climate is largely tropical, and a sizable portion of the soils in Uganda are 

lateritic in nature. To date, the instability, as well as the strength of laterite soils in 

the construction application, has been widely addressed by many scholars (Ezreig et 

al., 2022). Laterite soils are used in the construction of the subgrade, subbase, and 

base layers of flexible pavements(Townsend et al., n.d.). 

However, quality laterite soils may not be available in the local area of the road project 

and engineers are forced to improvise and stabilize the marginal laterite soils to 

improve them to meet the strength requirements for natural gravel used to construct 

the pavement layers (Sudla et al., 2018). Case study of Nasuuti-Nakabago-Ntawo road 

where the material is obtained from Nsambwe borrow pit with a CBR value of 25%. In 

contrast, the required minimum CBR value for the Subbase layer is 45%. This 

discrepancy caused the engineers to stabilize the soil using varying percentages of 

crushed rock to mechanically modify the soil to meet the minimum requirements for 

the subbase layer. 

However, this research intends to assess the suitability of stabilizing marginal laterite 

soils using crushed steel slag to meet the requirements for a subbase layer of a flexible 

pavement. 

1.3 OBJECTIVES 

1.3.1 Main objective 

To assess the stabilization of marginal laterite soils using steel slag and quarry dust for 

the construction of a subbase layer of a flexible pavement. 
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1.3.2 Specific objectives 

1. To determine the physical and mechanical properties of neat laterite soil. 

2. To determine the physical properties of steel slag. 

3. To determine the physical and mechanical properties of the laterite soil with 

varying compositions of steel slag and quarry dust. 

1.4 JUSTIFICATION 

Steel slag has a density between 3.3-3.6 g/cm3. It is characterized as a hard material 

giving it a high level of strength with a bulk density of 1800-2000 kg/m3 Los Angeles 

Abrasion of 20-25% and crushing value of 15% marking it a hard material. It is wear-

resistant making it rough due to its high frictional and abrasion resistance. It is 

characterized by adhesive properties making it a suitable binder aggregate for unbound 

bases and subbases, a pavement surface layer in road construction. These 

characteristics depict a material that is well capable of improving the strength of the 

laterite soils by increasing the load-bearing capacity and enhancing the mechanical 

performance (Güneyisi et al., 2020). 

Steel slag offers environmental benefits, as it is a byproduct of the steelmaking process 

and can help reduce the need for quarrying natural resources. Studies have shown that 

the use of steel slag in construction not only conserves natural aggregates but also 

diverts industrial waste from landfills contributing to sustainability in construction. This 

makes steel slag a viable alternative while minimizing the environmental impact of road 

construction (KCCA, 2016). 
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The addition of quarry dust to neat soil samples reduces the liquid limit, plastic limit, 

and plastic index of the sample due to the addition of a non-plastic material (Madhavi 

and Raghuveer, 2021). Since quarry dust is a nonplastic material, replacing a portion of 

plastic fines in the neat soil sample with quarry dust subsequently leads to a decrease 

in the liquid limit and plastic index of a soil sample (Dixit et al., 2016a). 

 

1.5 SIGNIFICANCE OF THE STUDY 

Soil stabilization techniques have been the focus of extensive research by numerous 

scholars, with a wide range of stabilizers being evaluated for their effectiveness in 

enhancing soil properties. The viability of different stabilizing agents has been well-

established through these studies, addressing various soil types and conditions. This 

report seeks to explore and establish the potential of using steel slag as a mechanical 

stabilizer for improving the engineering properties of laterite soils. Specifically, the 

study aims to determine how steel slag can enhance the strength, durability, and overall 

performance of laterite soils, making them more suitable for construction and other 

geotechnical applications. This report will contribute to the growing body of knowledge 

on sustainable soil stabilization techniques using industrial by-products through 

detailed analysis. 

1.6 SCOPE 

Geographical scope 

The case study of research is Nasuuti-Nakabago-Ntawo road in Mukono Municipality 

0°22'21.7"N 32°45'04.4"E 



7 

 

Content scope 

The study focused on analyzing the physical and mechanical properties of the material, 

i.e., California bearing ratio, plasticity characteristics, and particle size distribution of 

the final blended material. 

Time scope 

The study was carried out over a span of 6 months from October 2024 to March 2025.  
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CHAPTER 2:LITERATURE REVIEW 

2.1 INTRODUCTION 

This chapter highlights the existing body of knowledge related to the research concept. 

This chapter provides an analysis of various scholarly works like books, journals, and 

other academic materials that inform and guide the research topic. 

2.2 SOIL STABILIZATION 

Soil stabilization involves the alteration of soils to reinforce their physical properties. 

Soil stabilization aims to improve shear strength, shrink-swell properties, and other soil 

characteristics and therefore improve the load-bearing capacity. Soil stabilization can 

also be defined by the preservation or alteration of one or more soil properties to better 

the engineering characteristics and performance of the soil (Yakub et al., 2020). 

During soil stabilization, stabilizers are added to the soil at varying percentages and 

the various parameter changes in the soil are noted. 

Types of soil stabilization include: 

1. Mechanical stabilization 

2. Chemical stabilization 

3. Compaction stabilization 

2.2.1 Basic principles of soil stabilization 

Different stabilization methods are generally governed by different factors and 

variables. However, some basic principles cut across all stabilization methods and are 

essential for stabilization to be successful (Archibong et al., 2020). These are: 
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1. Evaluate the properties of the given type of soil. 

This is the first and most important part of soil stabilization which helps to identify the 

composition of the soil. This is because the engineering properties of soil are primarily 

governed by the composition of the soil. Therefore, by identifying the properties and 

composition of the soil, an effective stabilizer can be employed to enhance the 

engineering performance of the soil. 

2. Decide the most suitable, effective, and economical method of stabilization. 

This principle informs us to pick the best possible stabilizer that best supplements the 

lacking properties in the soil being stabilized. That’s to say, a stabilizer employed for 

clay soils may not be as effective when employed for sandy soil. 

3. Design the soil blend considering stability and durability. 

This principle involves choosing the appropriate blend of neat soil and stabilizer that 

meets the stability and durability standards required for the purpose for which the soil 

is to be used. 

4. Determine the adequate construction procedure  

The adequate construction procedure ensures proper compaction of the stabilized 

layers of material. 

2.2.2 Mechanical stabilization 

Mechanical stabilization involves physically changing the properties of the soil to in turn 

affect the gradation, solidity, density, and other characteristics of the soil. This can be 

achieved by mixing and compacting two or more soils of different grades. 
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With respect to mechanical stabilization, soils can be grouped into two (Archibong et 

al., 2020). 

Aggregates. These typically have particle sizes greater than 75 microns. They provide 

the skeletal framework for providing internal friction. 

Binders. These typically have particle sizes of less than 75 microns. They primarily 

provide cohesion in the material. 

Factors that affect mechanical stabilization. 

• Strength of the aggregate used. 

• Basic mineral composition of the blended soils. 

• Gradation of the blended soil. 

• Plasticity characteristics of the blended soils. 

Mechanical stabilization using aggregates (CRR) 

Aggregates improve the internal angle of friction in granular soil by increasing the 

number of contact points between particles due to their larger size and often angular 

shape, which creates more interlocking and resistance to shearing forces, effectively 

allowing the soil to withstand greater shear stress before failure (Nicks Jennifer & 

Adams Mick, 2013). 

2.2.3 Chemical stabilization. 

Chemical stabilization involves the addition of an additive that causes a chemical 

interaction between the soil particles and the additive causing an alteration in the 

physical and chemical properties of the soil(Das, n.d.). 
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Most common type of chemical stabilization includes cement stabilization and lime 

stabilization. 

2.2.4 Compaction stabilization. 

Compaction stabilization uses mechanical methods to force air voids out of the soil 

mass, creating soil that can support weight subsequently without needing to be 

compressed more right away (Adams, 2014). One of the main methods of stabilizing soil 

is dynamic compaction, which involves dropping a heavyweight onto the ground at 

regular intervals to essentially hammer away irregularities and guarantee a level 

surface (Adams, 2014). Another method that uses similar concepts is vibratory vibro-

compaction, which accomplishes its objectives using vibration rather than deformation 

caused by kinetic force. 

2.2.5 Studies on Soil Stabilization using steel slag 

Previous research on soil stabilization using steel slag has been greatly focused on 

modification of lateritic soils to improve their plasticity. The application of steel slag 

in stabilizing expansive soils has also been researched. 

Application of Adjusted Activated Steel Slag to improve problematic soils. 

Soil stabilization to improve the plasticity of marginal soils has most commonly been 

done using cement. Chemical parameters based on the oxide composition in cement 

are very useful in describing the capability of cement to be used as a stabilizer for 

problematic soils (Wu et al., 2019). 
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After comparing the differences in the chemical compositions of the slag and cement 

clinker, the adjustment concept was introduced (Wu et al., 2019). 

Component adjustment of steel slag involves the addition of metakaolin and lime to the 

steel slag. Metakaolin and lime supplied to the steel slags to improve the Si/Al/Ca phase 

and alkalinity. After component adjustment, the slag is then activated before mixing 

with problematic soils to improve the plasticity of the soils(Wu et al., 2019). 

The results of the research showed an improvement in the California Bearing Ratio and 

Unconfined compressive strength of the soils. The research also showed a significant 

reduction in the plastic index and plastic limit of the soil. 

However, research has also shown that ground steel slag reduces the plasticity of 

lateritic soils and lowers the optimum moisture content while increasing the maximum 

dry density of the soils but reduces the soaked CBR value of the soil with an increase in 

ground slag content(Longjohn et al., 2022). 

Application of steel slag in stabilization of expansive soils 

Steel slag has been used to stabilize expansive soils and results showed that steel slag 

was able to improve the geotechnical properties of the expansive soil. According to 

research carried out by (Kabeta, 2023), the addition of 25% of ground steel slag 

produced a significant drop in the liquid limit of the soil from 90.8% to 65.2% and the 

plastic limit dropped from 60.3% to 42.5%. Therefore, the plastic index dropped from 

30.5% to 22.%. 

The addition of 25% steel slag also reduced the free swell value of the soil from 104% 

to 58% and an increase in the California bearing ratio from 3.64% to 6.82%. The 
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unconfined compressive strength of the soil also increased from 0.94Mpa to 2.6Mpa 

(Kabeta, 2023). 

Application of steel slag in improving the bearing capacity of black cotton soils 

Steel slag has also been used to improve the bearing capacity of weak black cotton 

soils. The addition of 50% steel slag to black cotton soils showed an increase in the 

soaked CBR of the soils from 1.75% to 5.88% (Bidkar et al., 2019). 

The steel slag used in this case had a fineness modulus of 3.55 implying that the steel 

slag was crushed and classified as coarse sand rather than fine sand. 
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2.3 SUBBASE ROAD LAYER 

The sub-base layer is the first layer constructed over the formation level(subgrade). It 

forms the first layer in the pavement structure. As part of the foundation of the upper 

pavement layers, the subbase layer serves to protect the flexible pavement by 

mitigating detrimental climatic effects and static or dynamic stress applied to the 

pavement structure (Nik Daud et al., 2019). The general specification for road and 

bridge works specifies minimum material requirements for a subbase layer for flexible 

pavements. 

According to the Flexible Pavement Design Manual of Uganda, the materials for subbase 

construction are classified into two types, granular and cemented. 

The granular subbase material is classified as G45 and G30 according to the General 

Specification for road and bridge works as shown in Tables 1 and 2 below. The tables 

specify the different physical and mechanical characteristics that a material must meet 

in order to be classified as a G45 or G30.  
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Table 1: Material specification for G45 Subbase granular material (sourced from 

General Specification for Highways and Bridges series 3000, 2005) 

Material properties Accepted values 

CBR (%) BS1377 part4 >45 (after 4 days of soaking) 

CBR swell (%) BS1377 part4 <0.5 measured at BS- heavy compaction 

Atterberg limits  

Liquid limit BS1377 part2 <40 

Plasticity index BS1377 part2 <14 

Linear shrinkage BS1377 part2 <7 

Grading  

Grading modulus BS1377 part2 >1.5 

Table 2: Material specification for G30 Subbase granular material (sourced from 

General Specification for Highways and Bridges series 3000, 2005) 

Material properties Accepted values 

CBR (%) BS1377 part4 >30 (after 4 days of soaking) 

CBR swell (%) BS1377 part4 <1.0 measured at BS- heavy compaction 

Atterberg limits  

Liquid limit BS1377 part2 <45 

Plasticity index BS1377 part2 <16 

Linear shrinkage BS1377 part2 <8 

Grading  

Grading modulus BS1377 part2 >1.2 
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2.4 LATERITE SOILS 

Laterite soils 

Lateritic soils are leached residue resulting from the natural process of laterization in 

tropical and sub-tropical regions around the world. Laterite soils are defined according 

to physical nature, chemical composition, geological characteristics, and morphology. 

The characteristics of laterite soil depend on numerous factors, such as origin process, 

atmosphere, rain magnitude, temperature, parent rock nature, bed surface properties, 

weathering course, etc., and it can be influenced by the synergetic effect of all these 

factors (Santha Kumar et al., 2022). 

Due to their abundance in tropical regions, laterite soils are commonly used in the road 

construction industry for the subgrade, subbase, and base layers of the road depending 

on the quality of the material and the design of the road. 

Marginal soils 

In road construction, marginal materials are materials that do not possess the required 

quality standards as per the prevailing highway standards, sufficient for their use as 

pavement structural components such as surfaces, subgrades, bases, or subbases (Cook 

& Gourley, 2003) 

Marginal soils may be short of the required standards in terms of Atterberg limits, 

bearing capacity, or particle size distribution of the soils. This limits their performance 

as a particular pavement layer. 

Classification of laterite soils 
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The characteristics of laterite soil depend on numerous factors, such as origin process, 

atmosphere, rain magnitude, temperature, parent rock nature, bed surface properties, 

weathering course, etc. (Santha Kumar et al., 2022). 

Laterite soil classification can be done using the AASHTO or USCS soil classification 

systems. Both grade the soil and give its quality, clearly highlighting its performance as 

an engineering material (Archibong et al., 2020). 

AASHTO soil classification system  

Soil is classified into seven major groups, namely A-1 to A-7. Granular soils are 

categorized as A-1, A-2, and A-3 if at least 35% of the soil grains pass sieve number 200. 

More than 35% of soils with grains that pass sieve number 200 are categorized as 

belonging to categories A–4. A-5, A-6, and A-7. Groups A-4 and A-7 include most of the 

silt and clay. The criteria in the soil classification system are grain size.  

USCS soil classification system 

This system classifies the soils into two groups. 

• Coarse-grained soils, such as pebbles and sand, are less than half percent of the 

total weight of the soil sample that passes filter no. 200. The first letter in this 

category is either G or S. S stands for sandy or sandy soil, and G for pebbles or 

pebble-rich soil (D Chandrasasi, S Marsudi and E Suhartanto, 2021). 

• Fine-grained soil is soil that is more than half percent of the total weight of the 

soil sample that passes the No. 200 sieve. For this category, the initial letter M 

stands for inorganic silt. O stands for organic silt, and C for inorganic clay. The 
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PT symbol denotes peat, manure, and other soils with a high organic content (D 

Chandrasasi, S Marsudi and E Suhartanto, 2021). 

2.5 STEEL SLAG 

Steel slag is a byproduct of the steelmaking process produced when impurities are 

separated from molten steel in a furnace with about 15-20% of the total steel smelting 

attributed to steel slag (Lim et al., 2016). Different types of slag are produced 

depending on the type of steel production process which could be the basic oxygen 

furnace slag, electric arc furnace slag, or ladle furnace slag. Steel slag is rich in oxides 

such as calcium, magnesium, silicon, and iron, which provide it with unique mechanical 

and chemical properties (Lim et al., 2016). 

In recent years, the use of steel slag in civil engineering and construction projects has 

raised concerns as to how it can be reused due to its durability, high strength, and 

potential to recycle these waste materials (KCCA, 2016). 

Formation of steel slag 

As steel is melted in the furnace, the impurities form a layer of slag on the surface of 

the molten steel (Nunes & Borges, 2021). This slag is rich in calcium oxide due to the 

addition of lime during the melting process. The lime acts as a flux, removing impurities 

like silica, phosphorous, and sulfur. The steel slag contains oxides that are impurities 

from the manufacturing process (Gopinath & Mehra, 2018). 

The steel slag is then periodically removed from the surface of the molten steel, and 

this is done to ensure the purity of the steel and to collect the slag for further 

processing. 
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The steel slag is then cooled and solidified in air or by water quenching depending on 

the desired properties of the steel slag. Once solidified, the slag is then crushed to 

produce different sizes of aggregate and these various aggregates can then be used for 

different construction applications. 

Chemical composition of steel slag. 

The table below shows the chemical composition of the various types of steel slag which 

informs the corrosion potential of steel slag. 

Table 3: Chemical composition of various types of steel slag in percentages 

(sourced from Liang, 2013) 

Components Basic oxygen 

furnace 

Electric arc furnace 

(carbon steel) 

Electric arc furnace 

(alloy/stainless) 

SiO2 8-20 9-20 24-32 

Al2O3 1-6 2-9 3.0-7.5 

FeO 10-35 15-30 1-6 

CaO 30-55 35-60 39-45 

MgO 5-15 5-15 8-15 

MnO 2-8 3-8 0.4-2 

TiO2 0.4-2 N/A N/A 
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From Table 4 above, steel slag is mainly comprised of mainly silicates and calcium oxide 

therefore the metallic oxides in the steel slag are not significant enough to cause 

significant durability concerns. 

Types of steel slag include: 

Basic oxygen furnace slag  

This type of slag is produced during the conversion of pig iron into steel in a basic 

oxygen furnace. It is characterized by its density of 3,000-3,500 kg/m³. It has low water 

absorption ranging from 1% to 4% making it suitable for applications where low 

permeability is critical. Its high calcium oxide content can lead to expansive behaviour 

which is a challenge in some construction applications but can be mitigated through 

proper aging and treatment (Cabrera et al., 2021). 

Electric arc furnace slag  

This type of slag is formed during the production of steel in electric arc furnaces, EAF 

slag has similar properties to BOF slag but contains more iron oxides and has higher 

stability. Its density and compressive strength have shown to be comparable to the BOF 

slag making it a suitable alternative for sub-base materials depending on the batch used 

during the steel production. EAF slag also demonstrates higher resistance to abrasion 

with Los Angeles abrasion values below 30% indicating its durability in road construction 

(Papayianni & Anastasiou, 2020). 

Ladle furnace slag.  

This type of slag is formed during the final refining of steel in the ladle furnace and is 

normally used in cement production due to its finer particles and lower mechanical 
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strength. This makes it less suitable for use in road sub-base layers compared to BOF 

and EAF slags due to its lower load-bearing capacity and higher porosity (Singh et al., 

2021). 

Current uses of steel slag. 

1) Steel slag is commonly used as a base material in road construction due to its 

high stability, resistance to deformation, and load-bearing capacity. Its angular 

shape provides excellent interlocking properties (Al-Shamsi et al., 2023). 

2) Steel slag is used as an aggregate in hot-mix asphalt for surface layers of roads. 

Its rough surface texture provides an adhesive surface with asphalt binders, 

improving skid resistance and reducing wear from vehicle traffic. These asphalt 

mixtures with steel slag aggregates have been shown to extend the lifespan of 

roads (Güneyisi et al., 2020). 

3) Steel slag is used to replace natural aggregates in concrete production improving 

compressive strength and reducing shrinkage. The high angularity and roughness 

of slag particles increase the bonding between the cement and aggregates, 

leading to improved concrete strength. Its high density also enhances the 

durability and wear resistance of concrete structures (Cabrera et al., 2021).  

4) Steel slag is used as a supplementary cementitious material in cement production 

where it contributes to the reduction of clinker content which reduces CO₂ 

emissions. The calcium and silica content in steel slag provides pozzolanic 

activity enhancing the cement’s strength and durability (Singh et al., 2021). 
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5) Steel slag is used as landfill covers, in soil stabilization and wastewater 

treatment. Its alkaline nature neutralizes acidic soils and stabilizes heavy metals 

preventing leaching into groundwater. 

Availability of Steel slag 

Table 3 below shows the total quantities of steel produced by different steel production 

industries around the country. Research shows that about 20 to 40 percent of steel slag 

is produced during the steel melting process. 

Table 4: Steel melting production (Source: NPA, 2019) 

Organization Production of steel melting (tonnes per year) 

Roofing Steel in Namanve 13,200 

Steel and Tube 30,000 

Tembo Steel in Lugazi 60,000 

Tembo Steel in Iganga 36,000 

Tian Tang 18,000 

Pramukh Steel 25,000 

Yogi Steel 28,000 

Total 210,200 
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The steel melting process yields about 0.4 tonnes of steel slag for every tonne of the 

steel melted (Bhavan, 2018). 

𝑆𝑡𝑒𝑒𝑙 𝑠𝑙𝑎𝑔 𝑚𝑎𝑠𝑠 = 210,000 × 0.4 =  84,000 𝑡𝑜𝑛𝑛𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

The bulk density of steel slag ranges from 1700 kg/m3 to about 2000 kg/m3. Hence, 

taking the density as 1,700 kg/m3, the volume of steel slag available each year will be 

obtained as shown below. 

𝑆𝑡𝑒𝑒𝑙 𝑠𝑙𝑎𝑔 𝑣𝑜𝑙𝑢𝑚𝑒 =
84,000 × 1,000

1700
= 50,000 𝑚3  

Considering a one kilometer stretch of road with a thickness of 200 mm of subbase layer 

and road width 8 m, where the lane width is 3.5 m and shoulders are 0.5 m. 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑜𝑎𝑑 = 0.2 × 8 × 1,000 = 1,600 𝑚3 𝑝𝑒𝑟 𝑘𝑚 

Taking the worst-case scenario to be 50 % steel slag addition to the mix in the subbase 

layer, then the length of road that can be achieved is obtained as shown below. 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑎𝑑 =
50,000

1,600 ×
50

100

= 62.5 𝑘𝑚 

This means that a 60km stretch of road with a 50% composition of steel slag in the 

subbase can be obtained from the available quantities of steel slag annually. 
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2.6 QUARRY DUST 

Quarry dust is recognized as an effective and economical material for the improvement 

of weak soils that can be used for construction. Due to its fine particle size and 

excellent binding properties, it has been used to enhance the strength and stability of 

various soil types. Quarry dust is a cost-effective alternative to traditional materials 

and an environmentally sustainable option for construction projects (Onyelowe et al., 

2012). 

Studies have been conducted on the effect of quarry dust on the plasticity of soil. 

Results showed that as the percentage of stone dust increased, the liquid limit reduced 

at a faster rate and the plastic limit at a slower rate resulting in a decrease in the 

Plasticity index, i.e., there is a decrease in plasticity index (PI) with an increase in 

Stone dust content. The addition of Stone Dust increased the Maximum Dry density and 

reduced the Optimum Moisture Content up to 40% stone Dust content and 50% Stone 

dust content, a reversal of the MDD and OMC results (Dahal et al., 2022). 

This is possibly attributed to the replacement of the plastic fines of the material with 

non-plastic quarry dust leading to a reduction in the liquid limit and plastic index of 

the soils. 
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CHAPTER 3: METHODOLOGY 

3.1 INTRODUCTION 

This chapter outlines the methods and techniques used to collect and analyze data for 

this study. The chapter also outlines the sources of the materials used during the 

research. Providing details about the approach and methods used ensures transparency 

and allows for replication of the study by future researchers. 

 

Figure 1: Research design  
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3.2 MATERIALS 

Laterite soils 

The laterite soils were obtained from a borrow pit owned by Stirling at Nyenje-Ntawo 

with coordinates 0°22'21.7"N 32°45'04.4"E. The borrow pit contained reddish brown soil, 

which is a characteristic of laterite soils rich in iron. 

The sample was collected from three different spots within the borrow pit at depths of 

1.5 m. The sample was collected in its disturbed form with a total weight of about 300 

kgs and transported to Stirling testing laboratories in Mbalala. 

Steel slag 

The steel slag was obtained from Roofings Rolling Mills Ltd, a steel manufacturing 

company in Namamve, Kampala, Uganda. Roofings Rolling Mills Ltd uses an induction 

furnace in the steel production process. 

A sample of about 150 kgs was collected from the industry and transported to Stirling 

Testing Laboratories in Mbalala. 

The material was then manually crushed until particle sizes were not greater than 

20mm using a mallet, as shown in the Figure 2 below. 
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Figure 2: Crushed steel slag 

Quarry dust 

The quarry dust shown in Figure 3 below was obtained from MM Stone Quarry located 

at plot 1850 Buleeba, Jinja. The quarry dust collected was obtained from crushing 

granite stone and we collected about 40 kg of sample which was then transported 

Stirling testing Laboratories in Mbalala. 

 

Figure 3: Granite dust 
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TEST PLANS 

The test plans in Table 5 and 6 below show the material proportions for each blend, 

stating the different percentages by mass and the quantities of each material required 

to carry out the required tests on the material blend. 

Table 5: Summary of the test plan for laterite soils with varying compositions of 

steel slag. 

Sample composition Material Proportions Quantities 

  Steel slag Soil 

Neat soil 100% laterite soils 0 kgs 50 kgs 

Steel slag + soil 40% steel slag + 60% laterite soil 20 kgs 30 kgs 

Steel slag + soil 30% steel slag + 70% laterite soil 15 kgs 35 kgs 

Steel slag + soil 20% steel slag + 80% laterite soil 10 kgs 40 kgs 

Table 6: Summary of test plan for varying composition of laterite soil and quarry 

dust with fixed steel slag percentage at 40% 

Sample 

composition 

Material proportions Quantities 

  Steel slag Laterite 

soil 

Quarry 

dust 

SS + LS + QD 40% SS + 55% LS +5% QD 20 kgs 27.5kgs 2,5 kgs 

SS + LS + QD 40% SS + 50% LS +10% QD 20 kgs 25 kgs 5 kgs 

SS + LS + QD 40% SS + 45% LS +15% QD 20 kgs 22.5 kgs 7.5 kgs 
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SS – Steel slag 

LS – Laterite soil 

QD – Quarry dust 

3.3 METHODS 

3.3.1 Determining the physical-mechanical properties of the Laterite soils. 

The physical-mechanical properties of the soil were determined to classify the soil and 

determine its performance without any stabilization. 

Tests carried out included: 

1. Maximum dry density and Optimum moisture content relation (British Standard 

1377 part 2). 

This test helped to obtain the relationship between the compacted dry density and 

moisture content. This was majorly important in identifying the optimum moisture 

content to be used when compacting the sample for the California Bearing Ratio Test. 

Sample preparation 

The test was carried out on the sample passing through the 20mm test sieve. A 

representative sample of 15 kgs was used for this test. 

The sample was then quartered, and portions were picked in alternating quarters to 

ensure that the material particles were uniformly distributed. The sample was split into 

five equal portions of about 3 kg weight. 

Apparatus 

• 4.5 kg rammer 
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• Five 1-litre moulds. The moulds should be fitted with detachable baseplates and 

removable extensions 

• Measuring cylinder 

• Test sieves sizes 20 mm and 5 mm 

Test procedure 

For each portion, varying amounts of water were added to cover a range of moisture 

contents around the expected optimum moisture content. 

The material was then compacted in standard cylindrical molds of about 1ltr volume. 

All the samples were compacted in three layers, applying 62 evenly distributed blows 

to each layer using a 4.5 kg rammer. 

The samples were trimmed to cut off the excess material so that the compacted 

material was flush with the mold. 

The samples were then weighed, and representative samples were taken to the oven 

for moisture content determination at about 105ºC for 24 hours. 

Calculation and plotting 

• A graph of moisture vs density was drawn, and the peak point of the graph 

was taken as the maximum dry density. 

• The moisture content at that point was taken as the optimum moisture 

content. 
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2. California Bearing Ratio and California Bearing Ratio swell after 4 days of soaking 

(British Standard 1377 part 4). 

This test is the main factor in determining the strength of a material. The strength of 

a subgrade, subbase, and base course material is typically expressed in terms of their 

CBR value. 

The one-point method was used in determining the CBR % of the soil due to limited 

availability of the steel slag during the time of testing, however, the three point method 

provides more reliable results. 

Sample preparation. 

The test was carried out on the sample passing through the 20mm test sieve of about 6 

kgs. The sample was brought to optimum moisture content and thoroughly mixed 

thereafter sealed and soaked for at least 24 hours before tests were carried out. 

Apparatus 

• Test sieves 20mm and 5mm 

• Three cylindrical molds with an internal diameter of 150 mm and a height of 127 

mm. The molds were fitted with detachable baseplates and removable 

extensions. 

• Two metal rammers, 2.5 kg and 4.5 kg. 

• Perforated baseplates 

• Perforated swell plates with adjustable stems to provide seating for a dial gauge. 

•  A dial gauge with 25 mm travel and reading to 0.01 mm. 

• CBR compression machine with known proving ring factor. 
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• Annular surcharge discs for penetration test weighing 5 kg. 

Test procedure 

The test was carried out using the one-point method. 

The sample at optimum moisture content was compacted into a standard 2 lts mold in 

five layers, applying 62 evenly distributed blows per layer using a 4.5 kg rammer. 

The sample was then trimmed and fitted with a perforated baseplate. A filter paper 

was then placed on top of the sample, followed by perforated swell plates. 

Annular surcharge discs weighing about 4.5 kg were then placed on the stem of the 

perforated swell plates. A dial gauge was thereafter mounted on the extension collar 

and adjusted to give a convenient zero reading. 

The mold was then placed in the soaking tank with the water level just below the mold 

extension and left to soak for 4 days. 

After 4 days of soaking, the sample was then taken for penetration using a CBR testing 

machine shown in Figure 4 below. 

 

Figure 4: CBR testing machine 
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Calculations 

✓ Density calculations 

1. The volume of the mold Vm (cm3) was obtained 

2. Bulk density was calculated from; 

𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = (
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑢𝑙𝑑
) × 1000 

Mass of the soil was obtained from the mass of soil, mold, and baseplate – mass 

of mold and baseplate. 

3. Dry density was then calculated from; 

𝑑𝑟𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = (
100

100 + 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
) × 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

✓ Swell calculation 

1. Swell in percentage was calculated from the equation below; 

𝑠𝑤𝑒𝑙𝑙 = (
𝐹 − 𝐵

127
) × 100 

Where 

F is the dial gauge reading after 4 days of soaking 

B is the dial gauge reading before soaking 

 

✓ Calculation for California bearing ratio. 

1. Penetration of 2.5 mm and 5.0 mm were used to calculate the CBR value. 

2. CBR at 2.5 mm penetration was calculated from; 

𝐶𝐵𝑅(%) =
𝑃 × 100

13.2
 

Where  
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P is the plunger force at 2.5 mm penetration in kN 

3. CBR at 5.0mm penetration was calculated from; 

𝐶𝐵𝑅(%) =
𝑃 × 100

20.0
 

Where  

P is the plunger force at 5.0 mm penetration in kN. 

NB: CBR at 2.5mm penetration was used for assessing the quality of the material 

 

3. Atterberg limits (British Standard 1137 part 2) i.e. Liquid limit, Plastic limit, and 

linear shrinkage. 

These tests helped to understand the performance of the soil when interacting with 

moisture. The tests highlighted the moisture content at which the soil transitions from 

a solid to a plastic state and the moisture content at which the soil transitions from a 

plastic to a liquid state. These greatly informed the performance of the soil when 

moisture is added to the soil. 

The Atterberg limits tests were carried out in duplicates, and the averages were 

calculated to get the final result. 

i. Liquid limit 

Sample preparation 

The test was carried out on a soil sample passing through the 425 µm sieve of weight 

about 400 g. The same sample was used to carry out the plastic limit test and linear 

shrinkage test. 
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The sample was placed on a glass plate and water was added before mixing thoroughly 

with the spatulas until the sample became a thick homogeneous paste. The sample was 

placed in an airtight bag and allowed to sit for 16-24 hours to allow the water to 

penetrate and soak the soil sample. 

Apparatus required 

• Test sieve of size 425 µm 

• Flat glass platform 

• Two spatulas 

• A cone penetrometer (with a stainless steel cone 35 mm long with a smooth 

polished surface, angle of 30º, and mass of 80 g) 

• Metal cup with 55 mm diameter and 40 mm depth with rim parallel to the flat 

base 

• Apparatus for moisture content determination 

Test procedure 

After soaking the sample, the sample was tested by adjusting the moisture content and 

penetrating the sample using a cone penetrometer shown in Figure 5 below for five 

seconds. 
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Figure 5: Cone Penetrometer 

A range of penetrations between 15.0 mm – 27.0 mm were recorded and representative 

samples were taken for moisture content determination in an oven at 105ºC for 24 

hours. 

Calculations 

1. The moisture content was calculated for each specimen. 

𝑤 = (
𝑚2 − 𝑚3

𝑚3 − 𝑚1
) × 100 

Where 

m1 is the mass of the container (g) 

m2 is the mass of the container and wet soil (g) 

m3 is the mass of the container and dry soil (g) 

2. The relationship between the moisture content and cone penetration was plotted 

with the moisture content as the abscissa and the cone penetration as the 

ordinates on linear scales. 

3. The line of best fit was drawn  
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4. The liquid limit of the soil sample was the moisture content corresponding to the 

cone penetration of 20mm and was expressed to the nearest whole number. 

 

ii. Plastic limit and plasticity index 

Objective 

Apparatus required 

• Flat glass plate 

• Two palette knives 

• Apparatus for moisture content determination 

Sample preparation 

This test was carried out as a continuation of the liquid limit test. During the liquid 

limit test, a penetration test was done for a penetration of 20 mm. Part of this sample 

was set aside to dry partially at room temperature. 

The sample set aside to dry was then used to carry out the plastic limit test. 

Test procedure 

The sample was rolled on the glass plate into threads of about 3 mm until they started 

to break. The particles were then placed in an oven at 105ºC for 24 hours to determine 

the moisture content. 

Calculations 
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The average of the moisture contents for the portions of the sample was taken as the 

plastic limit. The value was rounded off to the nearest whole number. 

Plasticity index 

PI = Liquid Limit – Plastic Limit 

 

iii. Linear shrinkage 

Apparatus required 

• Flat glass plate 

• Two palette knives 

• Drying oven capable of maintaining a temp of 105ºC - 110ºC 

• Brass mold for linear shrinkage test 

• Vernier calipers or steel rule with an accuracy of 0.5 mm 

Sample preparation 

This test was carried out as a continuation of the liquid limit test. The sample with a 

cone penetration of 20 mm was used for this test. 

Test procedure 

The sample was placed in a lubricated brass mold for linear shrinkage determination. 

The sample was then placed in an oven at about 105ºC for 16 – 24 hours. 

Calculations 

The linear shrinkage was calculated from; 
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𝑙𝑖𝑛𝑒𝑎𝑟 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒(%) = (1 −
𝑙

𝑑
) × 100 

Where 

l is the length of the oven-dried sample 

d is the original length of the specimen 

NB: Linear Shrinkage is measured to the nearest whole percentage.  

 

4. Particle size distribution (British Standard 1377 part 2) 

This test helped to determine whether the soil consists of predominately gravel, sand, 

or silt, and to an extent which of the size ranges was likely to control the engineering 

performance of the soil. 

The Particle size distribution test was carried out in duplicates, and the averages were 

calculated to get the final result. 

Sample preparation 

The sample was picked from the platform after sun drying for 12 to 16 hours and riffled 

to obtain a representative sample of a minimum mass of about 10 kg. 

The sample weight was also noted down as the wet mass of the soil. 

A representative sample was also picked for moisture content. 

Apparatus required 

• Test sieves: 37 mm, 20 mm, 14 mm, 10 mm, 5 mm, 3.35 mm, 1.18 mm, 600 µm, 

300 µm, 75 µm. 
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• Drying oven 

• Riffle boxes 

• Sieve brushes 

Calculations 

✓ Calculated the cumulative mass retained 

✓ Calculated the percentage mass retained 

✓ Calculated the percentage of passing 

✓ Plotted a graph of the grading sieve size against %passing. 

✓ Grading modulus was calculated from; 

𝑔𝑚 = (300 − % < 2 𝑚𝑚 − % < 425 µ𝑚𝑚 − % < 75 µ𝑚𝑚) ÷ 100 
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3.3.2 Determining the physical properties of steel slag. 

The physical properties of the steel slag to be determined include: 

1. Bulk density (ASTM C29/C29M) 

This test is an indicator of the quality of steel slag. Higher relative densities indicate 

stronger and more durable materials, therefore informing the suitability of the steel 

slag for use as a construction material. 

Test procedure 

The sample was poured into a graduated container of known volume until it filled one-

third of the container. 

The sample was then tamped using a metal rod, applying 25 strokes evenly distributed 

on the sample. 

The process was repeated until the container was filled with the sample and the excess 

was trimmed off as shown in the figure 6 below. 

 

Figure 6: Graduated container filled with steel slag. 
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The sample and container were then weighed and the net weight of the sample was 

calculated. 

Calculation 

Density is calculated from 

𝐷 =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟
 

2. Particle size distribution (British Standard 812 part 103). 

This test helped in determining the particle size of the steel slag and how the different 

particle sizes are distributed within the sample. 

Sample preparation 

The sample was washed through the 75 µm sieve, letting the sample that passes through 

the sieve run to waste. 

The sample was then transferred to a tray and placed in an oven to dry at 105ºC to 

110ºC for about 16 hours. 

Test procedure 

After drying in the oven, the sample was weighed to determine its dry weight. 

The sample was then sieved through the different sieve sizes while weighing the mass 

of the sample retained on the sieve. 

Calculations 

✓ Calculate the cumulative mass retained 

✓ Calculate the percentage mass retained 
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✓ Calculate the percentage passing 

✓ Plot a graph of the grading sieve size against %passing. 

✓ Compare the percentage with the specified limits for CRR.  
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3.3.3 Physical-mechanical properties of the laterite soil with varying compositions 

of steel slag. 

40%, 30%, and 20% steel slag were added to the laterite soil by mass as shown in the 

figure 7 below and tested to determine the percentage that gives the most satisfying 

results for a subbase material. 

 

Figure 7: Steel slag added to the neat laterite soil in varying percentages 

The percentages chosen were based on blending the material to fit within the grading 

envelope for G45 Subbase material. 

The final percentage was chosen based on the most satisfactory results focusing on CBR 

% and CBR swell after 4 days of soaking. 
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The tests carried out to assess the performance of each blend included. 

1. Maximum dry density and optimum moisture content (British Standard 1377 part 

2). 

This test helped to obtain the relationship between the compacted dry density and 

moisture content. This was majorly important in identifying the optimum moisture 

content to be used when compacting the sample for the California Bearing Ratio Test. 

2. California Bearing Ratio and California Bearing Ratio swell after 4 days of soaking. 

(British Standard 1377 part 4). 

This test is the main factor in determining the strength of a material. The strength of 

a subgrade, subbase, and base course material are typically expressed in terms of their 

CBR value. 

3. Atterberg Limits (British Standard 1137 part 2) i.e. Liquid limit, Plastic limit, and 

linear shrinkage. 

These tests helped to understand the performance of the soil when interacting with 

moisture. The tests highlighted the moisture content at which the soil transitions from 

a solid to a plastic state and the moisture content at which the soil transitions from a 

plastic to a liquid state. These greatly informed the performance of the soil when 

moisture is added to the soil. 

4. Particle size distribution (British Standard 812 part 103). 

This test helped in determining the particle size of the steel slag and how the different 

particle sizes are distributed within the sample.  
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3.3.4 Physical-mechanical properties of the laterite soil and steel slag with varying 

compositions of quarry dust 

With the percentage of steel slag fixed, we then added varying percentages of quarry 

dust and repeated the same tests carried out on the steel slag + soil sample. 

5%, 10%, and 15% quarry dust were added to 40% steel slag and laterite soil by mass and 

tested to determine the percentage that gives the most satisfying results for a subbase 

material. The percentage was chosen based on the most satisfactory results focusing 

on CBR% and CBR swell after 4 days of soaking. 

Tests carried out to assess the performance of each blend included. 

1. Maximum dry density and optimum moisture content (British Standard 1377 part 

2). 

This test helped to obtain the relationship between the compacted dry density and 

moisture content. This was majorly important in identifying the optimum moisture 

content to be used when compacting the sample for the California Bearing Ratio Test. 

2. California Bearing Ratio and California Bearing Ratio swell after 4 days of soaking. 

(British Standard 1377 part 4). 

This test is the main factor in determining the strength of a material. The strength of 

a subgrade, subbase, and base course material are typically expressed in terms of their 

CBR value. 

3. Atterberg Limits (British Standard 1137 part 2) i.e. Liquid limit, Plastic limit, and 

linear shrinkage. 
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These tests helped to understand the performance of the soil when interacting with 

moisture. The tests highlighted the moisture content at which the soil transitions from 

a solid to a plastic state and the moisture content at which the soil transitions from a 

plastic to a liquid state. 

4. Particle size distribution (British Standard 812 part 103). 

This test helped in determining the particle size of the steel slag and how the different 

particle sizes are distributed within the sample. 
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CHAPTER 4:RESULTS AND DISCUSSION 

4.1 INTRODUCTION 

This chapter presents the results from the various tests conducted and an analysis of 

the results obtained. The tests were carried out in the systematic order of the 

objectives using the methods described in Chapter 3. 

4.2 NEAT SOIL SAMPLE 

Table 7 below shows a summary of the neat soil sample physical and mechanical 

properties. These properties are compared to the ministry of water standard for G45 

granular subbase material. The table highlights the areas where the neat sample does 

meet the minimum standards required for the G45 granular subbase material. 
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Table 7: Summary of neat soil sample results in comparison with standards from 

the MoWT general specifications for roads and bridges in Uganda for a G45 

granular subbase material 

Material Property Material sample Specification 

Atterberg Limits   

LL 57.4 <40 

PL 27.5  

PI 30.0 <14 

LS 15.0 <7 

Grading Modulus 0.42 >1.5 

USCS classification CH  

ASHTO classification A-7-6  

Maximum Dry density 2.063  

Optimum moisture 

content 

12.8  

CBR %(after 4 days of 

soaking) 

25 >45 

CBR swell 0.75 <0.5 

 

4.2.1 California bearing ratio 

The CBR % of the sample after 4 days of soaking does not meet the minimum 

requirement for a G45 material of 45%. Therefore, the neat soil doesn’t meet the 

standards. 
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The California bearing ratio is a penetration test in which the ratio of the penetration 

resistance of a particular soil sample to that of a standard crushed stone is calculated. 

The result is expressed as a percentage as per the equation (Ahmed et al., 2024).  

California bearing ratio is a direct representation of a soil’s load-bearing capacity. The 

load-bearing capacity of soil is determined by the internal angle of friction and cohesion 

of soil (Jain et al., 2023). Therefore, by improving either the cohesion or internal angle 

of friction of a material, one can improve the load-bearing capacity of soil. 

CBR swell 

The CBR swell of a material signifies a material’s potential to expand in volume when 

exposed to moisture (Look, 2016). The degree of expansion of the material directly 

affects its ability to work as a pavement layer material. A material with a high CBR 

swell percentage is not fit for use in construction because this can lead to cracks and 

damage to the overlying pavement layers. 

According to the MoWT general specification for roads and bridges in Uganda, the CBR 

swell of a granular G45 material should not exceed 0.5%. Therefore, since the CBR swell 

of the material is 0.75, the material is not fit for use as a G45 subbase. 

4.2.2 Atterberg Limits 

These are a set of measurements done to establish the moisture content at which fine-

grained particles change state. From solid to semi-solid to plastic and then to a liquid 

state (Dhir et al., 2017). 
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4.2.2.1 Liquid limit 

The liquid limit is the moisture content of a sample at which it starts to behave as a 

liquid (Rajapakse, 2016). It is the lowest amount of moisture in a fine-grained soil 

sample at which it will start to flow when a shearing force is applied. 

The liquid limit of the material was 57.4% which is above the limit of 40% for a G45 

subbase material according to the MoWT general specification for roads and bridges in 

Uganda. 

4.2.2.2 Plastic limit and plastic index 

The plastic limit of soil is the moisture content at which the soil can no longer be 

remolded without cracking (Kaliakin, 2017). This is the moisture content at which the 

soil turns from a semi-solid state to a plastic state. 

A low plastic limit shows that a material starts to act like a plastic material when a 

little moisture is added to the soil. The plastic limit also informs the plastic index of a 

material which is the liquid limit – plastic limit. 

The potential for swelling of a material can be indicated by a high liquid limit coupled 

with a high plasticity index (Netinger Grubeša et al., 2016). Therefore, a material with 

a high liquid limit and high plasticity index has a high potential for swelling which is 

undesirable for construction materials as it can lead to cracks in overlying pavement 

layers. 
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4.2.2.3 Linear shrinkage 

The linear shrinkage/shrinkage limit is the moisture content at which fine-grained soil 

no longer changes volume upon drying (Kaliakin, 2017). The shrinkage limit is a useful 

determinant of the swelling and shrinkage potential of the fine-grained soil sample. 

Generally, soils that have high swell potential tend to have a high shrinkage potential. 

This shows the relation between the plasticity index and the shrinkage limit of a sample. 

In practice, the linear shrinkage is usually half the plasticity index of a soil sample. 

The linear shrinkage of the soil sample was 30.0% which was significantly higher than 

the recommended standard of 14% from the MoWT general specifications for road and 

bridge works 2005. 

4.2.3 Particle size distribution 

The particle size distribution curve shows the different percentage passing of each sieve 

diameter. The distribution curve can also shows whether the soil is poorly graded, gap 

graded and well graded. The distribution curve below shows the grading curve for the 

neat soil sample compared to the grading envelope for a G45 granular subbase material. 
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Figure 8: Particle size distribution curve for neat soil 

The particle size distribution curve of the neat soil in Figure 8 showed that the material 

lacked coarse particles, possibly contributing to the soil's low bearing capacity. The lack 

of coarse particles in a soil sample leads to low internal angle of friction in a soil sample 

therefore a low load-bearing capacity of the soil. 

Grading modulus  

The grading modulus of the soil sample was found to be 0.42 which is below the 

standard of 1.5 from the MoWT general specifications for road and bridge works 2005. 

The grading modulus highlights the relationship between the coarse and fine particles 

in a soil sample. The lower the grading modulus, the finer the sample. This shows that 

the sample is very fine and is not suitable for a G45 subbase material. 
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4.2.4 Classification of the Neat soil sample 

Unified Soil Classification System 

According to the Unified Soil Classification System (USCS), the soil sample can be 

classified as an inorganic clay with high plasticity i.e. CH 

The sample has less than 50% retained on the 75µm sieve making it a fine-grained soil. 

The plasticity index of the sample falls above the A-line and is greater than 7 making 

the soil sample an inorganic clay sample (C). 

The soil also has a Liquid limit greater than 50% which the system classifies as a sample 

with high plasticity (H). 

American Association of State Highway Transportation Official System 

According to the AASHTO classification system, soils with more than 35% passing the No. 

200 sieve(75µm) are considered fine-grained soils or Clay to Clay to silt materials. These 

fall in the class of A-4, A-5, A-6, and A-7. 

Soils with a liquid limit above 41% and a plasticity index above 11% are classified as A-

7 materials. The A-7 class is further divided into A-7-5 and A-7-6 materials, A-7-5 having 

a liquid limit below 50% and A-7-6 having a liquid limit above 50%. 

Therefore, with 69% passing the No. 200 sieve, a liquid limit of 57, and a plasticity index 

of 30, the soil is classified as an A-7-6 material. 

According to the AASHTO system, this material is deemed poor for use as a subgrade 

material and therefore necessitates modification before applying the material on the 

road. 
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4.2.5 Maximum dry density and Optimum moisture content. 

Maximum dry density is the Density that corresponds to the optimum moisture content 

of a soil sample. The maximum Dry density corresponds to the maximum density a soil 

sample can obtain when moisture is added to the sample. The maximum dry density 

also aids the determination of the degree of compaction of the field compacted layer. 

The maximum dry density of the soil was 2.063 gm/cm3 and the optimum moisture 

content of 12.8%. This indicates that maximum compaction will be achieved at a 

moisture content of 12.8%. 

CONCLUSION 

From the results of the first objective, the material is found not to comply with any set 

standards and parameters set by the MoWT general specifications for a G45 granular 

subbase material. Therefore, this material needs to be stabilized to fit the 

specifications for G45 subbase material.
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4.3 STEEL SLAG 

The tests carried out on the steel slag included particle size distribution, flakiness 

index, and bulk density. 

4.3.1 Particle size distribution 

The particle size distribution curve shows the different percentage passing of each 

sieve diameter. The distribution curve can also shows whether the material is poorly 

graded, gap graded and well graded. The graph below shows the particle size 

distribution curve of the steel slag in comparison to the grading envelope for crushed 

rock used to modify problematic soils. 

 

Figure 9: Particle size distribution curve for Steel slag 

The particle size distribution of the steel slag was compared to the grading limits for 

crushed rock material which is usually used to modify problematic soils. 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100

%
 P

a
ss

in
g
 s

ie
v
e
s

Sieve Aperture (mm)

STEEL SLAG



57 

 

The curve in Figure 9 shows that the crushed steel slag is mainly comprised of mainly 

coarse material which makes it a suitable blend to fix the particle size gap in the neat 

laterite soil. 

The coarse particles when blended with the neat soil will possibly increase the internal 

friction between particles in the soil and improve the CBR% of the soil. (Afrazi & 

Yazdani, 2021). This is because there is a direct relationship between the internal angle 

of friction and the presence of coarse particles within a soil sample (Rasti et al., 2021). 

4.3.2 Flakiness index 

This is basically the measure of the proportion of particles that are considered flaky 

i.e. whose thickness is significantly smaller than their length. 

Flaky particles negatively affect the strength and durability of particles. This is due to 

their low interlocking capacity. These particles break down easily due to having a poor 

load-bearing capacity along their thin axis (Patel, 2024). 

The flakiness of the steel slag was found to be 12.6 % which is below the specification 

of 35 % for crushed rock (CRR) in the MoWT general specifications for Road and Bridge 

works 2005. 

4.3.3 Bulk density 

The bulk density of the steel slag was 1705 kg/m3. Compared to the bulk density of the 

coarse aggregates, usually around 1200 kg/m3 – 1750 kg/m3 (Shahriar, n.d.), steel slag 

has a relatively equal bulk density to that of coarse crushed aggregates. 

This shows that, based on density, the steel slag will perform similarly to crushed rock. 
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CONCLUSION 

The tests carried out on the steel slag showed that the material was predominantly 

coarse grained, making it a suitable material to improve the internal angle of friction 

of the neat soil sample thus improving its load-bearing capacity. 
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4.4 LATERITE SOIL WITH VARYING COMPOSITIONS OF STEEL SLAG 

Three samples of laterite soils + steel slag were prepared i.e. 40%, 30%, and 20%. The 

percentages were determined taking into consideration the effect on the particle size 

distribution of the soil sample and the economic implication of the blend. Tests carried 

out on the blends included CBR%, CBR swell, Atterberg Limits, Particle size distribution, 

and Maximum Dry Density. 

4.4.1 Effect of steel slag on the Maximum dry density and optimum moisture 

content 

Understanding the relationship between MDD and OMC is crucial for construction 

projects, as it helps in determining the appropriate moisture levels needed to achieve 

the desired soil compaction and stability. The graphs 10 and 11 below show the effect 

of addition of steel slag on the maximum dry density and optimum moisture content of 

the soil. 

 

Figure 10: Maximum dry density at varying compositions of steel slag 
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From Figure 10 above, the slight increase in the maximum dry density of the soil with 

increasing percentages of steel slag could be attributed to the fact that steel slag has 

a higher specific gravity than neat soil (Akinwumi, 2014). 

The steel slag has a higher relative density than the neat soil therefore, the blend 

achieves higher maximum dry density leading to a denser and stronger material. 

 

Figure 11: Optimum moisture content at varying compositions of steel slag 

From Figure 10 above, the decrease in optimum moisture content with higher steel slag 

content before a slight increase can be attributed to a reduction in the size of the 

diffused water layer that resulted in the agglomeration (clumping together) of the clay 

size particles making the soil require less water to reach optimum (Akinwumi, 2014). 

This implies that during compaction, less moisture is required to be added to the blend 

to achieve the required degree of compaction. This subsequently reduces the costs of 

road construction. 
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4.4.2 Effect of steel slag on the CBR% of the soil 

The CBR value helps engineers design pavements that can withstand the expected 

traffic loads and environmental conditions, ensuring the longevity and stability of the 

road structure. CBR value of a soil is mainly determined by two factors, internal angle 

of friction and cohesion between particles. The graph below shows the effect of 

addition of steel slag on the CBR on the soil. 

 

Figure 12: CBR % at varying compositions of steel slag 

From Figure 12 above, the CBR % increased with an increase in steel slag percentage. 

This is possibly due to the increase in the percentage of coarse-grained particles in the 

soil blend. 

There is a direct relationship between the percentage of coarse-grained particles and 

the internal angle of friction (Rasti et al., 2021). The increase in the internal angle of 

friction of the soil blend could consequently have led to the increase in the load-bearing 

capacity of the soil, thus an increase in the CBR%. 
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At 40% steel slag composition, the CBR percentage increased to 65% which is well above 

the minimum requirement for a G45 Subbase granular material. 

4.4.3 Effect of steel slag on the CBR swell of the soil 

CBR swell is a measure of the potential expansion of a soil sample when it is soaked in 

water. It is an important parameter in the California Bearing Ratio (CBR) test, which is 

used to evaluate the strength and load-bearing capacity of soils. The graph below shows 

the effect of steel slag on the CBR swell  of the soil. 

 

Figure 13: CBR swell at varying compositions of steel slag 

From Figure 13, the CBR swell of the material reduces with an increasing percentage of 

steel slag. This is possibly attributed to the replacement of part of the plastic clay 

particles with non-plastic steel slag particles (Dixit et al., 2016). 

The CBR swell of the material at 30% and 40% composition of steel slag both dropped 

below the maximum standard for a G45 subbase material. 
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4.4.4 Effect of steel slag on the Liquid limit of the soil sample 

Liquid limit is a critical property of granular soils. It is the moisture content at which 

the soil changes from a plastic state to a liquid state. The graph below shows the effect 

of steel slag on the liquid limit of the material 

 

Figure 14: Liquid limit at varying compositions of steel slag 

From Figure 14, the liquid limit generally decreased with an increase in steel slag 

percentage. This could be attributed to the replacement of the percentage of the 

plastic fines in the sample with the non-plastic fines of steel slag (Dixit et al., 2016). 

However, the decrease was not sufficient to drop the liquid limit below the 

recommended standard according to the MoWT general specifications for roads and 

bridges in Uganda for a G45 granular subbase material. 
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4.4.5 Effect of steel Slag on the Plastic Index of the soil sample 

The plasticity index is the numerical difference between the liquid limit and plastic 

limit of a soil, and it represents the range of water content over which a soil remains 

plastic. Meaning it can be molded without cracking or crumbling. The graph below 

shows the effect of steel slag on the plasticity index of the soil. 

 

Figure 15: Plasticity limit of soil blends with varying compositions of steel slag 

From Figure 15, the plasticity index generally decreased with an increase in steel slag 

percentage. This could also be attributed to the replacement of the percentage of the 

plastic fines in the sample with the non-plastic fines of steel slag (Dixit et al., 2016). 

However, the decrease was not sufficient to drop the plastic index below the 

recommended standard according to the MoWT general specifications for roads and 

bridges in Uganda for a G45 granular subbase material. 
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4.4.6 Effect of steel slag on the Linear Shrinkage of the soil 

Linear shrinkage is the reduction in length of a soil sample as it dries from its liquid 

limit to a completely dry state. The graph below shows the effect of steel slag on the 

linear shrinkage of the soil. 

 

Figure 16: Linear shrinkage of the soil blends at varying compositions of steel slag 
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4.4.7 Effect of steel slag on the Grading modulus 

The grading modulus is a numerical value that indicates the coarseness or fineness of a 

of a soil sample based on its size distribution. The graph below shows the effect of 

addition of steel slag to the grading modulus of the soil. 

 

Figure 17: Grading modulus of laterite soil at varying compositions of steel slag 
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the soil sample. This improvement enhances the soil's overall gradation, leading to 
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CONCLUSION 

Based on the results above, the addition of 40 % steel slag significantly improved the 

load-bearing capacity of the soil in terms of the CBR % by 160% and reduced the CBR 

swell by 70 %. This sufficiently lowered the CBR swell below the set standards for a G45 

granular subbase material and increased the CBR of the material beyond the set 

minimum for a G45 subbase material, according to the MoWT general specifications for 

road and bridge construction.  
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4.5 LATERITE SOILS AND 40% STEEL SLAG WITH VARYING COMPOSITIONS OF QUARRY 

DUST 

5%, 10%, and 15% quarry dust were added to 40% steel slag and laterite soil by mass 

and tested to determine the percentage that gives the most satisfying results for a 

subbase material. The design percentage was chosen based on the most satisfactory 

results focusing on CBR % and CBR swell after 4 days of soaking. 

With the percentage of steel slag fixed, the mix percentages will then be chosen based 

on the most satisfactory results and economic implications of the blend. 

4.5.1 Effect of quarry dust on Maximum Dry Density and optimum moisture content. 

The graph below shows the effect of quarry dust on Maximum Dry Density and optimum 

moisture content 

 

Figure 18: Maximum Dry Density at varying compositions of quarry dust 

2.240

2.250

2.260

2.270

2.280

2.290

2.300

Soil+40% SG Soil+40%
SG+5%SS

Soil+40%
SG+10%SS

Soil+40%
SG+15%SS

M
D

D
 (g

m
/c

m
3 )

Composition (%)

MDD (gm/cm3)



69 

 

From Figure 18 above, the maximum dry density of the blended material increased as 

the percentage of quarry dust increased. This could be attributed to the fact that quarry 

dust has a higher specific gravity than the soil it replaced in the blend, therefore an 

increase in overall density is expected due to the difference in specific gravities 

(Senanayaka et al., 2024). 

It should also be noted that the increase in the maximum dry density could also be 

attributed to the difference in particle size distribution curves of the neat soil and 

quarry dust (Chetia et al., 2018). 

 

Figure 19: Optimum moisture content at varying compositions of quarry dust. 
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4.5.2 Effect of quarry dust on the CBR% of the material. 

The graph below shows the effect of quarry dust on the CBR% of the material 

 

Figure 20: CBR% of the blended material at varying compositions of quarry dust 
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et al., 2024). 

64.0

64.5

65.0

65.5

66.0

66.5

67.0

67.5

68.0

Soil+40% SG Soil+40%
SG+5%SS

Soil+40%
SG+10%SS

Soil+40%
SG+15%SS

C
BR

 (%
)

Composition (%)

CBR (%)



71 

 

The California bearing ratio could have also increased to the addition of a material with 

a higher specific gravity compared to that of neat soil leading to a denser material 

hence an increase in the California bearing ratio of the material. 

4.5.3 Effect of quarry dust on the CBR swell of the material. 

The graph below shows the effect of quarry dust on the CBR swell of the material 

 

Figure 21: CBR swell of the blended material at varying compositions of quarry dust 
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Figure 22: Liquid limit at varying compositions of quarry dust 

From Figure 22, the liquid limit generally decreased with an increase in quarry dust 

percentage. This could be attributed to the replacement of the percentage of the 

plastic fines in the sample with the non-plastic fines of quarry dust (Dixit et al., 2016). 

The 10% quarry dust reduced the liquid limit by 13%, sufficiently lowering it below the 

required standard according to the MoWT general specifications for roads and bridges 

in Uganda for a G45 granular subbase material. 

4.5.5 Effect of quarry dust on the Plastic index of the material. 

The graph below shows the effect of quarry dust on the Plastic index of the material. 
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Figure 23: Plastic index at varying compositions of quarry dust 

From Figure 23, the plastic index decreased with an increase in quarry dust percentage. 

This could be attributed to the replacement of the percentage of the plastic fines in 

the sample with the non-plastic fines of quarry dust (Dixit et al., 2016). This causes a 

decrease in the liquid limit followed by a more than proportional decrease in the plastic 

limit causing a decrease in the plastic index of the material. 

The 10% quarry dust reduced the plastic limit by 27%, sufficiently lowering it below 

the required standard according to the MoWT general specifications for roads and 

bridges in Uganda for a G45 granular subbase material. 

4.5.6 Effect of quarry dust on the linear shrinkage of the material 

The graph below shows the effect of quarry dust on the linear shrinkage of the material 

9.0

11.0

13.0

15.0

17.0

19.0

21.0

Soil+40% SG Soil+40%
SG+5%SS

Soil+40%
SG+10%SS

Soil+40%
SG+15%SS

PI
 (%

) 

Composition (%)

PI (%)

max PI (%)



74 

 

 

Figure 24: Linear shrinkage of the material at varying compositions of quarry dust 

From Figure 24, the linear Shrinkage also had a general decrease with an increase in 

quarry dust percentage. This could also be attributed to the replacement of the 

percentage of the plastic fines in the sample with the non-plastic fines of quarry dust. 

The replacement of the clay plastic fines that have a high shrink-swell potential reduces 

the overall shrinkage potential of the material (British Geological Survey, 2023). 

The 10% quarry dust reduced the plastic limit by 33%, sufficiently lowering it below 

the required standard according to the MoWT general specifications for roads and 

bridges in Uganda for a G45 granular subbase material. 

4.5.7 Effect of quarry dust on the Grading modulus 

The graph below shows the effect of quarry dust on the Grading modulus of the 

material blend. 
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Figure 25: Grading modulus at varying compositions of quarry dust 

From Figure 25 above, the grading modulus of the blended material decreased with an 

increase in quarry dust percentage. This is probably due to the percentage of fine 

material increasing, which eventually causes the grading modulus to drop. The grading 

modulus is the relationship between the percentage of fines to the percentage of coarse 

material within a particular sample. The finer a material, the lower the 

grading/fineness modulus of the sample, and the reverse is true (Chandran, 2023). 

CONCLUSION 

Based on the test results above, the addition of 10% quarry dust into the blended 

material significantly improved its overall plastic characteristics. This enhancement 

ensures that the material now meets the material standards set by the Ministry of Works 

and Transport (MoWT) in Uganda for G45 granular subbase materials used in road and 

bridge construction. The addition of quarry dust effectively reduced the plasticity index 

by 27%, the liquid limit by 13%, and the linear shrinkage by 33%, thereby enhancing its 

2.200

2.250

2.300

2.350

2.400

2.450

2.500

Soil+40% SG Soil+40% SG+5%SS Soil+40%
SG+10%SS

Soil+40%
SG+15%SS

G
M

Composition (%)

GM



76 

 

suitability and performance as a subbase layer in accordance with the MoWT general 

specifications for road and bridge works.  
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4.6 DESIGN AND APPLICATION 

Material preparation 

Steel slag 

• Obtain steel slag from the steel manufacturing process using an induction 

furnace. 

• Crush the steel slag to obtain a material of minimum grading modulus of 2.81 

and flakiness index of 12.6 

Quarry dust 

• Obtain the granite dust from a stone quarry with a grading modulus of 1.4 and 

ensure it’s free from impurities. 

The table below shows a summary of the fineness modulus of the steel slag and quarry 

dust used for modifying the laterite soils. 

Table 8: The fineness modulus of the materials for stabilization 

Material properties for 

stabilization 

Design Requirements 

 Steel slag Quarry dust 

Grading: BS 1377: part 2  

Minimum Grading Modulus 2.81 1.39 

Minimum Flakiness index 12.6 - 
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The table below shows the summary of the material properties before stabilization 

and after stabilization specifying the expected results after stabilization. 

Table 9: The material specifications before and after stabilization 

Material properties Before 

stabilization 

After stabilization with 

40% steel slag and 10% 

quarry dust 

General 

specifications 

CBR: BS 1377: Part 4  

Minimum CBR (%) 

after 4 days soaking 

25 66 45 

Maximum CBR-swell 

(%) at BS-Heavy 

0.75 0.2 0.5 

Atterberg limits: 

Max Liquid Limit BS 

1377: Part 2 

57 38 40 

Max Plasticity Index 

BS 1377: Part 2 

30 13 14 

Max Linear 

Shrinkage BS 1377: 

Part 2 

15 6 7 

Grading: BS 1377: Part 2 

Minimum Grading 

Modulus 

0.4 2.4 1.5 

Classification    

USCS CH GW - 

AASHTO A-7-6 A-2-6 - 

  



79 

 

CASE STUDY APPLICATION 

From the results above, the material blend of 40% steel slag, 10% quarry dust and 50% 

laterite soil gave satisfactory results based on its physical and mechanical properties 

and economic implication 

Design using the AASHTO method of design 

𝑺𝑵 = 𝒂𝟏𝑫𝟏 + 𝒂𝟐𝑫𝟐𝒎𝟐 + 𝒂𝟑𝑫𝟑𝒎𝟑 

Original pavement design 

• 50mm Hot Mix Asphalt 

• 200mm CRR Base 

• 175mm G45 Subbase 

• 150mm Improved Subgrade 

Coefficients for each layer based on the material used 

a1 = 0.35, a2 = 0.14 and a3 = 0.11 

Assuming drainage conditions of water being removed within 1 week and the pavement 

structure is exposed to moisture levels approaching saturation for a time greater than 

25%, drainage coefficients for the subbase and base layer can be taken as m2 = m3 = 

0.8 

Therefore, the structural number can be obtained from 

𝑺𝑵 = (𝟎. 𝟑𝟓 × 𝟓𝟎) + (𝟎. 𝟏𝟒 × 𝟐𝟎𝟎 × 𝟎. 𝟖) + (𝟎. 𝟏𝟏 × 𝟏𝟕𝟓 × 𝟎. 𝟖) 

𝑺𝑵 = 𝟓𝟓. 𝟑 
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At 40% composition of steel slag, 10% quarry dust and 50% laterite soils, the blend had 

a CBR of 66.2%, using AASHTO nomographs to get the new coefficient for a3, 

a3 = 0.13 

Calculating the new layer thickness when using the steel slag blend as the Subbase 

material. 

𝟓𝟓. 𝟑 = 𝟎. 𝟑𝟓 × 𝟓𝟎 + 𝟎. 𝟏𝟒 × 𝟐𝟎𝟎 × 𝟎. 𝟖 + 𝟎. 𝟏𝟑 × 𝑫𝟑 × 𝟎. 𝟖 

𝑫𝟑 = 𝟏𝟒𝟖. 𝟏𝒎𝒎 ≈ 𝟏𝟓𝟎𝒎𝒎 

This shows that the material depth for the sub-base reduces from 175mm to 150mm 

when the blend is used as the subbase material. 

New pavement design with modified subbase layer. 

• 50mm Hot Mix Asphalt 

• 200mm CRR Base 

• 150mm Modified Subbase with steel slag and quarry dust 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSION 

From the results of the first objective, the material is found not to comply with any set 

standards and parameters set by the MoWT general specifications for a G45 granular 

subbase material. Therefore, this material needs to be stabilized to fit the 

specifications for G45 subbase material. 

The tests carried out on the steel slag showed that the material was predominantly 

coarse grained, making it a suitable material to improve the internal angle of friction 

of the neat soil sample thus improving its load-bearing capacity. 

Based on the results of the third objective, the addition of 40 % steel slag significantly 

improved the load-bearing capacity of the soil in terms of the CBR % by 160% and 

reduced the CBR swell by 70 %. This sufficiently lowered the CBR swell below the set 

standards for a G45 granular subbase material and increased the CBR of the material 

beyond the set minimum for a G45 subbase material, according to the MoWT general 

specifications for road and bridge construction. However, the steel slag did not produce 

sufficient fines to lower the plasticity characteristics of the neat soil below the 

specified standards. Therefore, this necessitated addition of quarry dust to lower the 

plasticity characteristics of the material. 

Based on the test results of the final objective, the addition of 10% quarry dust into 

the blended material significantly improved its overall plastic characteristics. This 

enhancement ensures that the material now meets the material standards set by the 
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Ministry of Works and Transport (MoWT) in Uganda for G45 granular subbase materials 

used in road and bridge construction. The addition of quarry dust effectively reduced 

the plasticity index by 27%, the liquid limit by 13%, and the linear shrinkage by 33%, 

thereby enhancing its suitability and performance as a subbase layer in accordance with 

the MoWT general specifications for road and bridge works. 

The overall study's findings demonstrate that steel slag and quarry dust can effectively 

stabilize laterite soils, making them suitable for use in subbase road layers. The 

improved soil properties include increased strength, reduced plasticity, and enhanced 

durability, which are essential for the construction of stable and long-lasting road 

infrastructure. The research also emphasizes the importance of sustainable 

construction practices that utilize industrial waste materials, thereby contributing to 

environmental conservation and resource efficiency. 

RECOMMENDATIONS 

Further research, however, should be carried out on alternative materials to substitute 

the quarry dust in the material blend and different methods of crushing the steel slag 

to produce sufficient fines. 

Further research can also be carried out on how to activate the cementations properties 

of the CaO in the steel slag, which is in high percentages which can be used for chemical 

stabilization of weak soils to improve cohesion. 
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