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Abstract - The problem being addressed in this study is the lack of suitable material for road base applications in areas with 

high clay lateritic soil. The study aims to investigate if a mixture of Ordinary Portland Cement (OPC) and Rice Husk Ash 

(RHA) can be used to improve the mechanical properties of this type of soil, making it suitable for road base construction. The 

natural soil is first characterized through tests such as Atterberg limits, compaction test, Californian Bearing Ratio (CBR) and 

Unconfined Compressive Strength (UCS). After that, the soil sample is mixed with cement at a gradually varying content of 4–

10 % of the dry weight of the soil sample at 2 % intervals, and the optimum cement content necessary to achieve the targeted 

strength properties (UCS) with regard to standards is selected. The optimum cement proportion is 8%, and the treated soil's 

UCS and soaked CBR values are 1.83 MPa and 142%, respectively. Following that, the soil is treated with a cement-RHA 

mixture, with RHA gradually replacing cement content from the optimum proportion selected to full replacement at 1% 

intervals. Atterberg limits, compaction, CBR, and UCS testing are performed on all treated samples. The mechanical 

performances of the treated specimens with a cement-RHA combination containing no more than 3% RHA meet the 

requirements for the desired use. All specimens with RHA content greater than 3% have lower and insufficient strength values. 

In conclusion, an optimal mixture of 5% cement+3% RHA is chosen, with soaked CBR and UCS values of 115 and 1.72, 

respectively. 

Keywords - Cement, Rice husk ash, Stabilization, High lay lateritic soil, Road base. 

1. Introduction 
Transportation is a key sector in the global economy 

[1,2]. As a result, there is an urgent need to decarbonize and 

develop sustainable transportation systems to sustain the 

green economy. The transportation sector has been identified 

as the second-largest source of CO2 emissions in developed 

countries [3] and the fastest-growing source of CO2 

emissions worldwide [4]. Transportation accounts for nearly 

27% of all man-made greenhouse gas emissions worldwide 

[3]. This means that transportation is one of the greatest 

contributors to climate change, one of the most pressing 

challenges facing humanity today. 

The heavy traffic resulting from population growth and 

the expansion in the use of vehicles has caused a rise in the 

engineering requirements of road construction materials. The 

life span of a road varies depending on its construction 

materials and the quality and maintenance it receives [5]. 

When particular attention is not paid to the quality of 

materials used, roads can deteriorate rapidly due to wear and 

tear from heavy traffic or from natural factors such as rain, 

snow or heat. 

Materials in their natural state are sometimes not strong 

enough for the demands of modern-day road infrastructure. 

In civil engineering, for projects such as roads, building 

foundations, and dams among others, soil stabilization is 

absolutely essential since, in their natural state, most lateritic 

soils typically have low bearing capacity and low strength 

due to high-strength clay content [6]. By using approaches 

like preloading, soil replacement, using recycled construction 

materials, and using stabilizing agents for soils, the soil used 

for road construction can be improved [7]. Cement and lime, 

referred to as traditional stabilizers, have been used over the 

years to stabilize soil [8-12]. Cement is used in road 
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construction as the main stabilizing agent in many countries, 

but it is expensive [2,7,9,16,36] and pollutes nature [7,9,13-

16,36]. These factors have encouraged researchers to 

investigate and recommend adopting materials that may be 

obtained locally for less cost [6,8] and are more 

environmentally friendly [7,11]. Researchers have recently 

set their sights on agricultural waste to developing 

alternatives to traditional binding and stabilizing materials. 

Many investigations have reported the successful use of ash 

produced from agriculture waste such as bamboo leaf ash [9], 

palm bunch ash [17], saw dust ash [18], sugarcane bagasse 

ash [19], cow dung ash [19], rice husk ash [49] to stabilize 

soil for road purposes. 

Rice husk ash is obtained from burning at a high-

temperature rice husk after harvesting. The combustion 

consumes the organic compounds and water of the raw 

material (rice husk), and about 20% remains as RHA [20,22, 

25,26]. According to [7], the nature and form of resulting ash 

from the burning process are influenced by various factors 

such as the physical and chemical properties of the material 

being burned, the composition of the material (stems, leaves, 

and bark), the presence of other fuel sources during 

combustion (such as coal), and the conditions under which 

the combustion takes place. RHA contains around 90% of 

silica (SiO2) [23], and this is the highest revealed 

concentration of all plant residue [28]. Silica is the most 

important compound that confers to rice husk ash or any 

other ash pozzolanic properties. When large concentrations 

of reactive CaO, Al2O3, and SiO2 are combined in the 

presence of water, pozzolanic reactions occur. Generally, 

CaO is supplied by cement or lime, while Al2O3 and SiO2 

can be present in the ash and soil [8]. The pozzolanic 

reactions refer to the combination of Si and Al with Ca to 

form Calcium Silicate Hydrates (CSH) and Calcium 

Aluminate Hydrates (CAH), which are cementitious 

compounds [29, 30]. Many pieces of research in the literature 

[21-24] have shown that RHA significantly improves soil 

properties when added to the soil. This study consequently 

aims at investigating the suitability of cement-RHA-modified 

high clay laterites due to pozzolanic reactions for road base 

applications. 

2. Materials and Methods 
2.1. Materials 

Rice husk ash, laterite soil, and Ordinary Portland 

Cement with a nominal strength of 42.5 MPa (CEMI) are the 

materials used in this research. 

The laterite soil sample was obtained along Thika Road 

Highway (Juja). The laterite soil was sampled from different 

points to have a sample that represents the area's soil very 

well. It was then taken in the civil engineering laboratory of 

Jomo Kenyatta University of Agriculture and Technology 

(Kenya) and sun-dried before use. 

The RHA was purchased from a local company that 

industrially produces RHA. It was then sieved through a BS 

sieve 0.105mm before being used. The cement was 

purchased from a cement store in Thika town (Kenya).  

The water utilized in this study was taken from a 

borehole and was drawn from the laboratory's running taps. 

In order to produce data that would accurately reflect in-situ 

conditions, distilled water was not used for all the tests apart 

from the specific gravity test. 

2.2. Methods 

The laterite soil sample, cement, and rice husk ash were 

subjected to X-Ray Fluorescence (XRF) test to determine 

their chemical composition. The test was conducted at the 

Ministry of Mining and Petroleum in Kenya. 

To determine the physical and mechanical properties of 

the natural soil sample, several characterization tests were 

conducted. Those tests included particle size distribution, 

specific gravity, Atterberg limits, compaction test, soaked 

California Bearing Ratio (CBR) and Unconfined 

Compressive Strength (UCS) for comparison. 

To improve the soil's properties, the natural soil sample 

was treated with varying amounts of cement at 4%, 6%, 8%, 

and 10% of the dry weight of the soil sample. The optimum 

amount of cement necessary to meet the targeted 

specifications was then selected. 

The soil was further treated using RHA blended with 

cement; RHA gradually replaced the cement content in 1% 

steps, starting from the optimum cement content to full 

replacement. The treated soil samples were then subjected to 

Atterberg limits, compaction, and CBR testing, in 

accordance with British Standard 1377 [31] for natural soil 

samples and British Standard 1924 [32] for stabilized 

samples. 

3. Results and Discussion  
3.1. Characterization of Laterite Soil, Cement and Rice 

Husk Ash 

Figure 1 displays the particle size distribution of the 

natural laterite soil sample, and Table 1 shows its other 

engineering properties. The soil sample was classified A-6 in 

the American Association of State Highway Transportation 

Officials (AASHTO) classification system based on its 

properties. Soil that falls under this class is labelled fair soil 

and hence not good to be used in road base construction 

unless treated [33, 34]. 

Table 2 presents the chemical compounds found in the 

soil, cement and rice husk ash. Iron oxides, silica oxides, and 

aluminium oxides are the main oxides that compose the soil 

and account for 43.13%, 39.71% and 11.73%, respectively. 
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The silica sesquioxide ratio (SiO2/(Al2O3+Fe2O3) is equal to 

1.76, which is more than 1.33 but less than 2, revealing that 

the soil is lateritic soil [35]. Considering the percentage of 

fine particles, the soil sample used was identified as high 

clay lateritic soil. The RHA containing silica, which accounts 

for 93.63% more than 70% of the total, was classified as 

pozzolana [50]. 

Table 1. Engineering properties of the soil 

Properties Proportion/Value 

Natural moisture content 10.19±0.10% 

Specific gravity 2.43±0.01 

%Passing through BS Sieve 75µ 37.48 

Liquid limit (LL) 39.5% 

Plastic limit (PL) 20.79% 

Plasticity Index (PI) 18.7% 

Classification (AASHTO)  A-6 

Soaked CBR (4 days) 16.9% 

UCS 0.32 MPa 

Table 2. Chemical composition of the OPC, RHA, and soil 

Oxides  
Oxides contained (%) 

Oxides contained in RHA (%) 

Oxides contained in soil (%) 
OPC RHA Soil 

MgO 1.57 1.19 4.81 

Aluminum (Al2O3) 1.51 0.18 11.73 

Silica (SiO2) 6.64 93.63 39.71 

Phosphorus (P2O5) 1.41 0.86 0.06 

Sulphur (S) 3.1 0.12 0.1 

Chlorine (Cl) 0.08 0.18 0.03 

Potassium (K2O) 2.72 1.88 1.35 

Calcium (CaO) 81.8 1.12 2.63 

Titanium (Ti) 0.24 0.07 0.82 

Manganese (Mn) 0.1 0.14 1.17 

Fe2O3 2.58 0.48 43.13 

Zinc (Zn) 0.01 0.01 0.02 

Strontium (Sr) 0.08  -  - 

Zirconium (Zr) 0.05  - 0.12 

  
Fig. 1 Grain size distribution curve of the soil 

3.2. Stabilization of the Lateritic Soil with Cement 

From figure 2, it is observed that both the liquid limit 

and plasticity limit increased. This is the result of the 

hydration reaction of cement, which causes flocculation and 

agglomeration of soil particles [37]. Liquid limit decreased 

with further increase in cement content due to a higher 

amount of cementitious materials in the soil. The primary 

causes of soil's plasticity characteristics are the clay grains' 

plate shape and the lubricating bonding action of water 

adsorption surrounding the clay particles [38]. Consequently, 

the PI decreased. A similar trend was reported by other 

researchers [39, 40]. Soil that has a lower plasticity index is 

less clayey [41]. 

The optimum moisture content slightly increased with an 

increase in cement content. An illustration is shown in figure 

3. This increase results from cement being finer than the 

lateritic soil; the more cement the mixture contains, the finer 

the mixture is, and more water is needed to achieve optimum 

compaction [42]. On the other hand, figure 4 shows a 

decrease in maximum dry density as cement content 

increased in the mixture. This can be attributed to the test 

being performed right after the addition before reactions took 

place. A higher amount of water was necessary to achieve 

optimum compaction resulting in lower dry density. This is 

in agreement with previous works [39, 40]. 

Analysis of Figure 4 and Figure 5 shows that the 

mechanical characteristics of the soil improved in proportion 

to the increase in cement content after 7 days of curing. This 

is principally due to the pozzolanic reaction between soil 

particles and cement, which over time, results in the 

formation of calcium silicate hydrate and calcium aluminate 

hydrate. These newly formed compounds have the capacity 

to cement the soil particles together and increase the strength 

parameters of the soil [42]. For cement-treated soil, the UCS 

value after 7 days of curing is the principal strength 

parameter to consider to qualify the suitability of the soil for 

road purposes [43]. On this basis, with regard to the 

specification (1.5-3MPa for UCS value after 7 days curing) 

of the Oversea Road Note 31 [44] for soil material to be used 

for road bases, 8% cement content by dry weight of the 

lateritic soil was established as the optimum cement content. 

The soaked CBR and UCS values of the modified lateritic 

soil at the optimum cement content are respectively 142% 

and 1.83. Although the soaked CBR value does not satisfy 

the specification for cement-based stabilized materials for 

road base constructions (Min CBR 160%, Min UCS 1,8) of 

Kenya Road Manual for Pavement Design [33], the UCS 

value, which is the most important parameter, in this case, 

falls within the range. 

3.3. Stabilization of the lateritic soil with cement and RHA 

This treatment used RHA to replace optimum cement 

content to achieve targeted strength parameter values in steps 

of 1% decrement.  
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Fig. 2 Effect of cement on Atterberg limits of the lateritic soil 

 
Fig. 3 Effect of cement addition on MDD and OMC of the lateritic soil 

 
Fig. 4 Effect of cement addition on CBR values of the lateritic soil 

 
Fig. 5 Effect of cement addition on UCS values of the lateritic soil 
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Fig. 6 Effect of cement-RHA addition on CBR values of the lateritic soil 

 
Fig. 7 Effect of cement-RHA addition on MDD and OMC of the lateritic soil 

 
Fig. 8 Effect of cement-RHA addition on CBR values of the lateritic soil 

 
Fig. 9 Effect of cement-RHA addition on UCS values of the lateritic soil 
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As shown in figure 6, the replacement of cement content 

by RHA caused an increase in the liquid limit as well as the 

plastic limit. The change in plastic limit was observed to be 

faster and greater than that of liquid limit at the earlier stage 

of cement replacement. Consequently, the plasticity index 

decreased when a small amount of cement was replaced by 

RHA (up to 4%). Beyond this value, the PI started increasing 

before becoming stagnant. The same results were observed in 

previous works for cement-RHA-treated soil [39]. 

The optimum moisture content kept increasing as 

cement content was gradually replaced by rice husk ash. An 

illustration is shown in figure 7. This is attributed to finer 

particles in the mixt matrix due to the fact that more volume 

of RHA is needed to replace the same weight of cement 

because it has lower specific gravity. Note that the specific 

gravity of cement and RHA was reported to be respectively 

3.16 and 1.8. The finer the material, the more water is needed 

to achieve maximum compaction. The same trend was found 

by other researchers [23, 45, 46]. 

Figures 8 and 9 show that both soaked CBR and UCS 

decreased continually with cement content replacement by 

RHA after 7 days of curing. When only a small percentage of 

cement is replaced, there is a very small loss in these strength 

parameter values; nevertheless, this decline increases as 

cement replacement increases by over 3%. The loss in 

soaked CBR and UCS is attributed to excess RHA amount 

not involved in the pozzolanic reaction that occurred within 

the first seven days of curing. Due to its low specific gravity 

relative to cement and soil, extra RHA replaces some of the 

soil in the mixture, lowering the mixture's mechanical 

performance [2, 39].  

Pozzolanic processes are expected to continue after 7 

days of curing, and specimens will exhibit higher mechanical 

properties [38]. However, the most crucial strength 

parameters for evaluating the suitability of cement-stabilized 

materials for road applications are the CBR and UCS values 

after 7 days of curing [43]. Considering the strength 

parameter specifications (1.5-3MPa for UCS value after 7 

days curing) of the Oversea Road Note 31 [44] for soil 

material to be used for road bases, the optimum mix of the 

additives is cement 5%/3% RHA. The corresponding soaked 

CBR and UCS values are respectively 115% and 1.72.  

Beyond 3% replacement, the mixture's mechanical 

performance no longer meets the requirements indicated in 

the above standard. Both values are slightly lower than the 

limits indicated in Kenyan Standards for cement-based 

stabilized materials for road base (Min CBR 160%, Min 

UCS 1,8) [33]. However, according to many other standards, 

such as Nigerian General Specification [47] and Indians [48], 

a material that exhibits the earlier performance can be used in 

road bases. We conclude that the stabilized material can be 

used in low volume road bases in the Kenyan context. 

 

4. Conclusion 
The natural soil used in this study was defined as a high 

clay lateritic soil categorized A-6 in the American 

Association of State Highway and Transportation Officials 

(AASHTO) classification system. According to chemical 

analysis, the cement utilized was Ordinary Portland Cement, 

and the rice husk ash was classed as pozzolanic material. 

The optimum cement content necessary to be added to 

the natural soil to reach the mechanical performance 

measured by UCS and CBR was also established to be 8% by 

weight of the soil. The achieved values were respectively 

1.83 MPa for UCS and 142% for CBR. 

The optimum cement-RHA mix proportion for which the 

resulting modified soil satisfied the need was found to be 

5%cement+3%RHA. The UCS and CBR value of the 

stabilized soil at these proportions were 1.72 MPa and 115%, 

respectively. Thereby, with regard to specifications of the 

Oversea Road Note 31, the studied high clay lateritic soil can 

be modified and becomes suitable for road base applications 

with an additional 5%cement + 3% RHA by the dry weight 

of the natural soil. 
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