
 

137  africanscholarpublications@gmail.com                                                                               

 2020 

 

 

 

 

Investigating the Engineering Properties of Black 

Cotton Soil Treated With Rice Husk Ash 
 

Aliyu, Mohammad Jungudo; Lawal Zubairu Adam; 

And Sani .U. Kunya 

Department of Building Technology, Abubakar Tafawa Balewa 

University, Bauchi 
 

Abstract 
Black cotton soils are soils that are known to exhibit high compressibility 

with resultant shrinkage problems at dry periods. Various researches have 

been conducted in order to stabilize these soils. However, most of the 

researches use conventional materials such as cement, lime etc, which are 

somehow expensive. The study was conducted to investigate the effect of 

rice husk ash blended with black cotton soils. The natural soils were treated 

with the additives in percentages at 0%,6%,8%,10% and 12% by dry weight 

of the soils. The results obtained from laboratory test show that both the 

free swell and linear shrinkage increases with increase in (RHA) to a peak 

of 12% and from the compaction test conducted; there was no improvement 

in the maximum dry density and optimum moisture content. Instead, upon 

increase in rice husk ash percentage, the maximum dry density (MDD) 

reduces while optimum moisture content (OMC) increase. The study   

concludes that up to 12% of rice husk ash could be used to stabilize the 

black cotton soil for satisfactory performance. The study recommends that 

rice husk ash could be used to partially replace cement in stabilisation of 

black cotton soils.  

 

Keywords: Engineering properties, Black cotton soil, Rice hush ash. 

 

Introduction 
Background of the study 

Generally, in any building work, it is 

necessary for an infrastructure to be 

constructed with good and sound 

material so as to comply with the 

approved drawings, specifications and 

also to give financial advantage to the 

contractor on the project. In order to 

achieve these aims, it is necessary for 

such structures to be of adequate 
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strength right from their foundation so as to reduce the rate of collapse of 

structures as it is being experienced in the nation presently. This is the main 

reason why the adequate knowledge of the properties of the foundation material 

(i.e., soil) should be readily available to the engineer (Subhacini & 

Shankar,2015).  

The black cotton soil is an expansive soil, characterized by excessive volume 

changes, expansive tendencies and low bearing capacities when wet 

(Kirby,2004). These soils have very high clay content and are prone to 

expansion when wet and shrinkage when dry. Thus because of this shortcoming, 

there is a need to improve the properties of this soil.  

In the north eastern part of Nigeria where this soil is predominant, it covers an 

extensive area such that avoiding it or finding a suitable replacement is not 

feasible. As a means of improving the geotechnical properties of black cotton 

soils, lime and cement have been used as stabilizing agents. Iliya, (2005) noted 

that it is on record that appreciable improvements in the geotechnical properties 

of black cotton soils were observed when treated with lime and lime admixed 

with cement. Although the properties of this material are significantly 

improved, the implementation cost as a stabilizer is quite expensive. It is the 

cost implication that has aroused the thinking of research engineers to focus 

more on the use of potentially cost effective materials that are locally available 

to improve the properties of deficient soils (Iliya, 2005).  

It is commonly accepted today in soil improvement work to examine the effects 

of local materials considered to be wastes or residues which actually do not 

connote worthless substances as they may be economically viable for 

construction purposes (Abdullahi, 2012). One of the local materials to be 

considered is the ash obtained from the combustion of the waste from rice husk. 

Rice husk ash is an agricultural waste which is produced in a million in tons. 

Rice husk ash (RHA) is known as super pozzolanic in concrete at optimum 

replacement percentage. (RHA) is very rich in silicon dioxide which makes it 

very reactive with lime due to its not – crystalline silica content. Rice Husk Ash 

(RHA) is one of the agricultural wastes produced in our country when the rice 

is milled from paddy. About 108 tons of rice husk is produced in our world 

annually. Rice husk consists of about 67-90% of silica. The silica is present in 

this rice husk in amorphous form, and it is considered to be a pozzolanic 

material. It has been estimated that 1000 kg of rice produce 200 kg of rice husk 

from which 40 kg of rice husk ash would be generated.  
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Problem Statement 

Although nature has endowed different parts of the country with soils suitable 

for building construction, the north-eastern part has a large expanse presence of 

the problematic expansive black cotton soil which is characteristic of impeded 

drainage sites. These expansive soils belong to the smectite group, which 

includes montmorillonite that is highly expansive and are the most troublesome 

clay minerals when encountered in construction. Primarily, the problem that is 

associated with regard to expansive soils is that their deformations are 

significantly greater than the elastic deformations and therefore cannot be 

predicted by classical plastic or elastic theory. Movement is usually in an 

uneven pattern and of such a magnitude as to cause damage to the structures 

and pavements resting on them (Rathan, Banupriya and Dharani, 2016).  In 

northeastern Nigeria where black cotton soils are predominant, and wherever 

they exist in the world, they cannot meet the strength and compressibility 

requirements imposed by their use in foundations. Normally, the first step in 

alleviating a problem is to identify the problem and understand the preventive 

measures that are available. The next step, which is very essential, is to provide 

careful, responsible engineering and construction. Research then becomes 

inevitable as it provides knowledge and data for input into understanding of 

phenomena and design. It is therefore a welcome development to be aware of 

the existence of expansive soils and their locations. As a result, more problems 

are diagnosed correctly, whereas in earlier years many expansive soil problems 

were incorrectly attributed to heave settlement Abdullahi, (2012). 

 

Scopes  

The following tests were conducted on the natural soil and rice husk ash (RHA). 

I. Determination of the physical properties of soil and rice husk ash 

II. Specific gravity of (RHA) and (BCS) 

III. Natural moisture content 

IV. Free swell test 

V. Atterberg limits (liquid limit, plastic limit and shrinkage) 

VI. Compaction test (light weight) 

VII. Compaction characteristics (optimum moisture content (OMC) and 

maximum dry density MDD) 

  

LITERATURE REVIEW 

Origin of Black Cotton Soil  

Tropical black clay otherwise known as Canada’s swelling clays, India’s black 

cotton soil and Kenya black cotton soils can be found all over the world (Iliya, 

2005). Warren and Kirby (2004) refer to black cotton soils as “swelling soils” 

“heaving soils” and “volume change” soils. Sahel (1993) describes expansive 
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clay formations as being favoured by the geology, climatic condition and the 

environment of extreme disintegration, strong hydration and restrained 

leaching. Expansive soils swell and shrink considerably with changes in 

moisture content. Due to the problems associated with these soils, road and 

building construction on this type of soil demand special knowledge which is 

in the hands of relatively small group of experts (Abdullahi, 2012). An 

engineering definition of these soils is “a dark grey or black soil with a high 

content of clay usually over 50% in which montmorrilonite is the clay mineral 

and which are commonly expansive (Jha & Tiwari, 2016). 

Tropical black clays are formed residually by weathering. Two groups of parent 

rock materials have been associated with the formation of expansive soils. The 

first group comprises sedimentary rock of volcanic origin, which can be found 

in North America, South Africa and Israel, while the second groups of parent 

materials are basic igneous rocks found in India, Nigeria and South western 

U.S.A (Singh & Vasaikar, 2013).  

Expansive soils are seen mostly as tropical black clay soils also known as black 

cotton soils in Africa Iliya, (2005). They are found in the northeastern parts of 

Nigeria, Cameroon, Lake Chad Basin, Sudan, Ethiopia, Kenya, South 

Zimbabwe and other Eastern African Countries. They are also found in India, 

Australia, South Western U.S.A, South Africa and Israel (Babalola, 2006). 

Black cotton soils are black clays that are produced from the breakdown of basic 

igneous rocks, where seasonal variation of weather is extreme. Specifically, 

Nigerian black cotton soils are formed from the weathering of shaly and clayey 

sediments and basaltic rocks.  

 

Engineering Properties of Tropical Black Clays 

From an extensive research Abdullahi, (2012) and Babalola, (2006), the 

properties of African tropical black clay soil can be summarized as shown in 

Table 1 Results of studies carried out by Iliya, (2005) on samples of black cotton 

soils taken from the New Marte areas of Borno State, Nigeria and Nagaraju and 

Rao, (2017) on Indian black cotton soil, the following geotechnical properties 

of the soil which are in agreement with Ghutke, Bhandari and Agrawal, (2018) 

are also summarized  

 

Table 1- Properties of Black Cotton Soils 

Properties Value 

Specific gravity 2.35 

Liquid limit 51% 

Plastic limit 28.57% 

Plasticity index 21.43% 
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Maximum dry density 1.71g/cc 

Optimum moisture content 18.9% 

Source: Ghutke, Bhandari and Agrawal, (2018) 

 

Soil Stabilization 

The concept of stabilization is not new since natural stabilizes such as natural 

oil and plant extracts, animal dung and crushed anthill, methods has been used 

for many centuries. Recently, more rigorous scientific rather than ad hoc 

method of stabilization has been introduced, developed mainly from old 

techniques devised for the stabilization of earth roads. Many stabilizes has been 

tried including manufactured ones such as Portland Cement, Lime, Bitumen, 

Alkalis, Sodium Chloride, Aluminum Compounds Silicate Resins, Ammonium 

Compound and polymers, Agricultural Industrials waste. The most widely used 

has been Portland cement, lime, and bitumen because they are readily available 

(Adam & Agib, 2001). 

 

Mechanical Stabilization 

This method of stabilization relies on the inherent properties of the soil 

materials for stability. It involves the densification of the soil due to the 

application of energy with various sorts of rollers, rammers and various 

vibration techniques. Mechanical soil stabilization refers to either compaction 

or the introduction of fibrous and other non-biodegradable reinforcement of the 

soil. This practice does not require chemical changes to the soil, although it is 

common to use both mechanical and chemical means to achieve specific 

stabilization. Other methods sometimes included in the mechanical stabilization 

are the thermal procedures involving freezing and heating of the soil (Jhaand, 

& Gill, 2006). 

 

Admixture Stabilization 

In previous studies Ghutke, Bhandari and Agrawal, (2018) were geared toward 

the utilization of waste resources as admixture to lime and ordinary Portland 

cement (OPC) stabilized soil to improve the engineering allied properties of 

pavement base course materials. The use of this waste resource evolved out of 

the need to economically utilize industrial by-product in an attempt to solve 

economic problems associated with increased amount of wastes in many parts 

of the world. Babalola, (2006) reported that most industrial waste have little or 
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no cementitous value but react with lime or (OPC) in the presence of moisture 

to form compounds possessing cementitous properties. 

 

Cement Stabilization 

Stabilization of soil with (OPC) to produce a harden soil cement, which can be 

used as sub-base or base course material in high construction consist of adding 

(OPC) to soil at (OMC) and permitting agent, it brings about an increase in 

(OMC), shrinkage limit and shear strength of the soil. Roy, (2014) and Bukhari, 

(2017) reported a decrease in liquid limit, plastic limit and swelling potential of 

soft clays when treated with cement, Suggested the use of (OPC) when soils are 

not lime reactive. 

 

Pozzolanas 

A pozzolana is a siliceous and aluminous material which in itself possesses little 

or no cementations value but will, in finely divided form and in the presence of 

moisture, chemically react with calcium hydroxide at ordinary temperature to 

form compound possessing cementations properties (Rathan, Banupriya & 

Dharani, 2016).  

 

Table 2: The ASTM ref C618 –78 specifications for pozzolanas 

Property Class N Class F Class C 

Chemical properties 

SiO2+Al2O2+FeO2 (%) 

SO2 (max %) 

MgO (max %) 

Loss on ignition 

Physical properties 

Moisture content (%) 

Fineness (%) on sieve no. 

200(mm) 

 

70 

4 

5 

10 

3 

85 

 

70 

5 

5 

2 

3 

85 

 

50 

5 

5 

6 

3 

85 

Source; Rathan, Banupriya & Dharani, (2016).  

 

Typical examples of pozzolanas 

 Rice Husk 

Rice husk ash is an agricultural waste which is produced in a million in tons. 

Rice husk ash (RHA) is known as super pozzolanic in concrete at optimum 
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replacement percentage. (RHA) is very rich in silicon dioxide which makes it 

very reactive with lime due to its not – crystalline silica content. Rice Husk Ash 

(RHA) is one of the agricultural wastes produced in our country when the rice 

is milled from paddy. About 108 tons of rice husks are produced in our world 

annually. Rice husk consists of about 67-90% of silica. The silica is present in 

this rice husk in amorphous form, and it is considered to be a pozzolanic 

material. It has been estimated that 1000 kg of rice produce 200 kg of rice husk 

from which 40 kg of rice husk ash would be generated.  

 

Table 3: The basic constituents of rice husk ash 

Source: Ghutke, Bhandari and Agrawal (2018) 

 

MATERIALS AND METHODS 

Materials 

Rice Husk Ash (RHA) 

The stabilizer material used in this study is Rice Husk Ash. Rice Husk Ask was 

collected from muda lawal market of Bauchi Local Government Area Bauchi 

state. After which it was properly dried and freed from impurities. The sample 

was then burned in a kiln industrially designed at a controlled temperature. The 

ash was collected and allowed to cool before grinder after which it was pass 

through 212- micrometer size sieve. 

 

Black Cotton Soil (BCS) 

The disturbed soil sample used in this study was collected along Biu road 

(between latitude 9º3`N and longitutde 8º45` and 11º45`E of the Greenwich 

meridian), Yamaltu/Deba Local Government Area of Gombe State, Nigeria. 

The precise borrow fit location is at latLon =10.275 11.342 (10º165`N 

Constituents (%mass) Percent content 

Fe2O3 0.21 

SiO2 90.23 

CaO 1.58 

Al2O3 2.54 

MgO 0.53 

Carbon 2.23 

KaO 0.39 
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011º20.5`E) UTM/UPS=32N 756500 1136700 MGRS=32PQS 564367 

obtained in global positioning system (GPS) using A-GPS. The soil sample, that 

was taken at a depth of 0.90m from the ground surface to avoid organic matter, 

is expansive in nature and was classified as A-7-6 (13) in the AASHTO soil 

classification system (AASTO, (1986) and CH in the unified soil classification 

system, USCS (ASTM, 1992). 

 

Water 

The water used for conducting the laboratory test was pipe borne or well. It was 

used in the absence of distilled water in the laboratory.  

 

Preliminary Test 

The preliminary soil tests conducted was carried out by adding design 

proportion of (RHA) in various percentages in other to improve certain 

properties of (BCS). There are basically two (2) methods of soil treatment 

process namely; (replacement treatment and additive treatment). The 

preliminary tests include classification test atterberg limits (liquid limits, plastic 

limit, plasticity index, linear shrinkage), physical test (specific gravity, 

compaction, free swell test) as well as compaction characteristics (optimum 

moisture content (OMC) and maximum dry density MDD). 

 

Natural Moisture Content  

The sample was collected and placed loosely in the container to ensure through 

drying. The lid was placed immediately before being weight to prevent moisture 

loss. The container was placed in an oven after removing the lid and sample 

oven dried for 24 hours. The sample was then removed, allowed to cool and 

then dry soil in the container with lid was weighted. The moisture of the soil is 

expressed as percentage of its dry mass. 

W =
(M2-M1)

(M3-M1)
*dWhere:     W = moisture content in percentage  

                  M1 = mass of container (g) 

                  M2 = mass of container and wet soil (g) 

                  M3 = mass of container and dry soil (g) 

 

Free swell test  

Dry soil powder passing through 425 micron was measured 20g and poured 

slowly and steadily in 100ml measuring cylinder to 20ml mark into each of the 



 

145  africanscholarpublications@gmail.com                                                                               

 2020 

 

two glasses graduated cylinders. The two soil samples were then filled with 

kerosene and the other with the distilled water up to the100ml mark. Remove 

the entrapped air by stirring the sample and then allow to stand for 24hr. the 

volume of settled specimen was then read off as “V” and the free swell 

expressed as a percentage of its original volume. 

 Where;  

Vd = Volume of the soil specimen read from the graduated cylinder containing 

distilled water. 

Vk = Volume of the soil specimen read from the graduated cylinder containing 

kerosene 

 

Specific gravity of soil 

To obtain specific gravity the density-bottle complete with the stopper was 

weighed as W1. The soil, density-bottle and stopper were weight as W2. The 

exterior of the bottle was dried and the bottle, stopper, soil and water were 

weight as W3. After the whole experiment the weight of the bottle stopper and 

content was weight as W4. Specific gravity was calculated using the expression 

below; 

𝐺𝑠 =
(𝑤2− 𝑤1)

(𝑤4−𝑤1)(𝑤3−𝑤2)
………………………………………………………………… 

(3) 

Where  

w1 = mass of dry glass bottle, (g)  

w2= mass of bottle + soil sample 

w3 = mass of bottle + soil sample + water, (g)  

w4 = mass of bottle + water, (g)   

 

Atterberg limits 

The test includes the determination of the liquid limits, plastic limits and the 

plasticity index for the natural soil and the stabilized soils. They were also 

conducted in accordance with test 1 (A) BS1377 (1990), Part 4.3.2 for the 

natural soil and BS 1924 (1990) for the stabilized soils. 

 

Liquid limits (cone penetration method)  

The soil sample was air dried and then thoroughly crushed. About 300g of the 

soil sample sieved   425um BS sieve was mixed thoroughly with spatulas for 



 

146  africanscholarpublications@gmail.com                                                                               

 2020 

 

about 10 minutes on a glass plate with an increment of water until the paste 

becomes a thick homogenous paste. This paste was then placed in an airtight 

container and left for 24hours ensure uniform moisture content in the test 

sample. The cup was filled with the paste by pressing it against the side of the 

cup to avoid trapping of air and the surface stuck off level. The cup was then 

placed at the center of the smooth soil surface and leveled with it. The cone was 

released so that it penetrates in to the soil and the amount of penetration over a 

period of 5 seconds measured. The test was repeated lifting the cone clear of the 

soil by adding a little more of the wet soil. The procedure was repeated four 

times with increasing water content such that penetrations obtained ranges 

between 15mm and 25mm. 

 

Plastic limits 

About 20g of soil was prepared in the liquid unit test was missed on the gas 

plate with just enough water to make it sufficient plastic for rolling it to a ball. 

The ball was molded and rolled between the hand palms until when slight cracks 

appear on the surface. The ball sample was divided in to sub sample weighting 

about 10g and a separate determination carried out on the sub sample was 

divided in to approximately equal parts. The soil was formed into a threat of 

about 6mm diameter between the first finger and the thumb of each hand. The 

thread was then rolled between the tips fingers of one hand and the surface of 

the glass plate with uniform rolling pressure until the thread crumbles both 

transversely and longitudinally at diameters of about 5mm and about 10 

complete (forward and backward) movements of the hand, the combined soil 

was also applied to the other three samples. 

 

Linear shrinkage 

The sample was prepared as in plastic limit test. However, the paste was mixed 

continuously until the sample become uniform and homogenous paste. The 

paste was ensured to be at moisture content approximately equal to its liquid 

limit. The linear shrinkage mold was then air-dried, then the soil sample was 

then placed in the mold. It was then placed in the oven for to dry, there after the 

change was evaluated from the relationship. 

𝐿𝑠 =
𝑙1−𝑙2

𝑙1
× 100%....................................................................................... (4) 

Where Ls= Percentage of linear shrinkage 
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   L1= Original length  

   L2= Change in length 

 

Plasticity index  

Plasticity index of the soil-rice husk ash is the difference between the liquid 

limit (LL) of the natural various mixes of the soil and their corresponding plastic 

limit (PL). The plasticity index samples which were calculated as:                                                                            

 
 

Compaction test 

About 3kg of oven dried soil sample passing through 200mm BS was weighed. 

The soil was mixed thoroughly with measured water of about 12% by total 

weight of the sample which gave a fairly value of water content. The soil was 

then compacted in the standard proctor mould of 105mm diameter by means of 

a 2.5kg rammer with 50mm diameter head falling freely from 300mm above the 

top of the soil. The compaction is carried out in 3 layer each layer receiving 25 

blows. Compaction is considered satisfactory when the soil in the mould is not 

more than 6mm above the top of the mould. The mould and the test sample it 

encloses were then weighed. Sample for moisture content determination were 

taken from top and base of the soil sample, the rest of the bang removal from 

the mould was broken down and mixed with the remaining of the sample. A 

suitable increment of water usually 4% of the total weight of the soil was 

thoroughly mixed into the soil and compaction repeated.  

The same procedure was repeated was repeated until the weight of the soil in 

the mould passed a maximum value and begins to decrease. Dry density-

moisture content relationship was plotted. The optimum moisture content 

(OMC) and maximum dry density (MDD) of the test sample were read off from 

the plots. 

 

Compaction characteristics 

Maximum dry density 

Compaction test was carried out for the natural and the stabilized soil (in 

different percentages); all according to BS 1377 (1990), Part 4, using the British 

Standard light in accordance with the Nigeria General Specifications (1997). 3 

kg of oven dried soil-rice husk ash samples were mixed thoroughly with 12% 

of water equivalent (and then water is added at 4% for each compaction). The 
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sample was then compacted into 105mm diameter (BS mould) in three layers 

of approximately equal mass with each layer receiving 25 blows of 2.5 kg 

rammer falling from a height of 300mm, for the British Standard light. The 

blows were uniformly distributed over the surface of each layer. The collar was 

then removed and the compacted sample leveled off at the top of the mould with 

a straight edge. The mould containing the leveled sample was weighed to the 

nearest 1g, two small samples were then taken from the compacted soil for the 

determination of moisture content. The sample was then removed from the 

mould, crushed and 4% of water was added, and the same procedure was 

repeated until minimum of five set of samples were taken for the moisture 

content determination.  

 

Optimum moisture content 

The corresponding values of moisture contents at maximum dry densities 

(MDD), deduced from the graph of dry density against moisture contents, gives 

the optimum moisture content (OMC).   

 

RESULTS AND DISCUSSION 

Table 3: Test result of the natural black cotton soil 

Property Quantity 

Free swell 

Natural moisture content % 

Specific gravity 

Liquid limit % 

Plastic limit % 

Plasticity index % 

Linear shrinkage % 

51.85 

8.90 

2.46 

60.0 

15.70 

13.37 

16.54 

 

Table 4 Result of natural moisture content 

Contain

er No; 

Contain

er + 

wet(g) 

Contain

er + 

dry(g) 

Empty 

container

(g) 

Dry 

weight(

g) 

Loss of 

moisture

(g) 

Moisture 

content(

%) 

A4 34.30 32.70 14.80 17.90 1.60 8.90 

M12 23.20 22.30 11.60 10.70 0.90 8.40 

AJ40 26.60 25.30 11.50 13.80 1.30 9.40 

                    AVERAGE MOISTURE CONTENT 8.90 



 

149  africanscholarpublications@gmail.com                                                                               

 2020 

 

 Free swell 

  
Fig.1 variation of free swell with (RHA) content. 

 

The variation in the free swell test with (RHA) contents is shown in the fig 4.2 

The free swell at 0% stabilizer content is 51.85%. Further increase in the (RHA) 

contents led to a reduction in the free swell to a minimum value of 39.58% by 

additive of 12% (RHA). The sharp reduction in the free swell could be due to 

the increased presence of finer particles which are not clayey and hence lesser 

free swell Moses, (2010).  

 

Specific gravity 

Table 5: Specific gravity for black cotton soil (BCS) treated with 10% 

(RHA) 

BOTTLE No Sample 1 Sample 2 

W of bottle w1(g) 28.42 29.31 

W of bottle with dry soil w2(g) 36.86 37.64 

W of  bottle with soil and water w3(g) 84.65 85.36 

W of bottle full of water w4(g) 79.05 79.78 

W of dry soil (w2-w1)(g) 8.44  8.33 

W of an equal volume of water(w2-w1)-(w3-w4)(g) 2.84 2.75 

Specific gravity 
(𝒘𝟐− 𝒘𝟏)

(𝒘𝟒−𝒘𝟏)(𝒘𝟑−𝒘𝟐)
 2.97 3.03 

AVERAGE SPECIFIC GRAVITY 3.00 

The specific gravity with (RHA) content is shown above. The specific gravity 

of the natural soil is 2.46% and there was general increase in specific gravity of 

the soil at increasing 10% of (RHA). Therefore the addition of (RHA) to the 

soil led to the increment of the specific gravity of the (BCS).  
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Atterberg limits 

The effect of RHA content on the consistency limits of black cotton soil 

stabilization is considered in this section. 

 

 Liquid limits   

 
Fig 3: liquid limit of untreated black cotton soil 

 

 
Fig 4: liquid limit of black cotton soil after adding 6% RHA  
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Fig 5: liquid limit of black cotton soil after adding 8 % RHA 

 

 
Fig 6: liquid limit of black cotton soil after adding 10% RHA 
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Fig 7: liquid limit of black cotton after adding 12% RHA 

 

The variation of liquid limit with the percentage of (RHA) is shown in fig.3-7. 

The liquid limit of the natural soil is 60%. The addition of 2% (RHA) led to an 

initial decrease in the liquid limit to a value of 58% and further increase in the 

(RHA) content led to general decrease in the liquid limit to a value of 54% at 

10% (RHA). According to Yesilbas (2004), there is usually significant decrease 

in liquid limit values of the samples with the increasing amount of stabilizer 

content. In his study of stabilization of expansive soil with lime, he found that 

addition of 1% lime decreased the liquid limit by about 10%. The significance 

of this is that, the soil’s high clayey property is reduced when treated with a 

pozzolana like (RHA). Detailed test results are shown in Table A1,2,3,4,5 of 

the Appendix 
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Plastic  limit   

  
Fig 8: variation of plastic limit treated with various percentages of (RHA) 

 

The variation of plastic limit with (RHA) content is the below figure shown. It 

was observed that there is a general decrease in (PL) as the percentage of (RHA) 

content increases. At 6% the (PL) increases from 15.7% of the natural soil to a 

value of 16.2%. At adding 8% of (RHA) increases the (PL) to a peak of 26% 

and further decreases to 12.8% and 17% at 10% and 12% respectively. This 

fluctuation (increase and decrease) is considered to be as a result of the adding 

of the soil fines by (RHA) and atmospheric escape of moisture.  

 

Plasticity index 

 
 Fig 9: variation in plasticty index treated using various percentages of 

(RHA) 
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The variation of plasticity index (PI) with (RHA) is shown below. A general 

increase in (PI) was observed as the percentage of (RHA) increased. The (PI) 

for the natural soil was 15.7% and as 6% (RHA) was added the plasticity index 

increases to a value of 16.2% and then increases the (PI) to a peak of 26.7% at 

8% (RHA). Further increase in (RHA) decreases the (PI) to 12.8% at 10% 

(RHA) content and finally increased to 17.8% at 12%. The increase was because 

the (RHA) quantity increased while further increased the amount of finer 

particles and hence increase the characteristics of the entire (RHA)-Black cotton 

soil mixture Okonkwo, (2009). detailed test results are shown in Table 

A1,2,3,4,5 of the Appendix. 

 

Linear shrinkage      

 
Fig 10: Variation of linear shrinkage with rice husk ash mixture 

 

The result of the linear shrinkage test with varying percentage of (RHA) shows 

that the degree of shrinkage reduces as more (RHA) to add to the soil. The linear 

shrinkage of the black cotton soil is recorded as 10.6cm final length. Addition 

of the (RHA) led to decrease in the linear shrinkage of the natural soil to a value 

of 12.01cm final length at 12% (RHA) content. 

 

Compaction test  

The compaction effort used for this project work is standard proctor effort, the 

effect of rice husk ash on the maximum dry density (MDD) and optimum 

moisture content (OMC) are discussed below 
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 Compaction characteristics 

 Maximum dry density 

 
Fig 12: Variation of maximum dry density  of treated soil with rice husk ash 

content. 

 

The effect of the standard proctor compaction effort on maximum dry density 

(MDD) of the black cotton soil treated with rice husk ash (RHA) is shown in 

the fig.15. The (MDD) for the natural soil is 1.37Mg/m3, the addition of (RHA) 

led to initial increase in the (MDD) value to 1.33Mg/m3 at 10% (RHA) content 

and decrease to1.22Mg/m3 at 6% (RHA). A peak value of 1.33Mg/m3 was 

recorded at 10% (RHA). 

The decrease (MDD) could be due to the replacement of soil particles that were 

of higher specific gravity in a given volume by particles of (RHA) of 

comparatively lower specific gravity Osinubi and Stephen, (2001). It may also 

be attributed to coating of soil by ash content which results to large particles 

with large void space and hence less density Ola, (1983).  
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Optimum moisture content 

 
Fig 13: Variation of optimum moisture content of treated soil with rice husk ash 

content. 

 

The effect of the standard proctor compaction effort on the Optimum Moisture 

Content (OMC) of the black cotton soil treated with rice husk ash is shown in 

the fig.16. The (OMC) for the natural soil is 17.5% and the addition of the 

(RHA) to the soil led to an increase in (OMC) to a peak value of 31% at 6% 

(RHA) content. A further increase in (RHA) content decreased the (OMC) to 

24.5% at 10% (RHA) and it then increased it to a value of 27% at 12% (RHA) 

content. 

The initial increase in (OMC) with increase in (RHA) content is due to the 

increasing demand for water by various cations and the clay minerals particles 

to undergo hydration reaction Stephen and Osinubi, (2007) it might also be due 

to the increase in water necessary to lubricate the new estabilished particles 

skeleton of the (RHA) soil system. The decrease in (OMC) at 10% RHA is as a 

result of self-desiccation where by all the available water molecules were used 

up in the hydration reaction with consequent lower hydration and incomplete 

hydration that affect the (OMC) Osinubi, (2001). Oriola and Moses (2010) 

reported similarly result for (OMC) up to 10% (RHA) content by weight of 
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black cotton soil used. Detailed test results are given in Table A6,7,8,9,10 of 

the Appendix. 

 

Conclusion  

The study was conducted to assess the effect of rice husk ash blend on black 

cotton soil. The natural soil was treated with the additives in stepped 

concentration of 0, 6, 8, 10 and 12% by dry weight of the soil. 

The results obtained indicate that: 

i. The free swell test result at 0% stabilizer content is 51.85% with a further 

increase in the (RHA) contents led to a decrease of in the free swell to a 

minimum value of 39.58% by additive of 12% (RHA).  

ii. The linear shrinkage of natural black cotton soil was 10.6cm final length, 

an increase in 12% (RHA) led to an increment of 12.1cm final length, 

hence showing an improvement of linear shrinkage by adding various 

proportion of (RHA) with 12% at its peak.  

iii. The (OMC) for the natural soil is 17.5% and the addition of the (RHA) 

to the soil led to an increase in (OMC) to a peak value of 31% at 6% 

(RHA) content. A further increase in (RHA) content decreased the 

(OMC) to 24.5% at 10% (RHA) and it then increased it to a value of 27% 

at 12% (RHA) content. 

iv. The (MDD) for the natural soil is 1.37Mg/m3, the addition of (RHA) led 

to initial increase in the (MDD) value to 1.33Mg/m3 at 10% (RHA) 

content and decrease to1.22Mg/m3 at 6% (RHA). A peak value of 

1.33Mg/m3 was recorded at 10% (RHA). Based on the compaction 

characteristics it is found that, with increase in percentage of (RHA), 

(MDD) decreases and (OMC) increases 

 

Recommendation 

Based on the  results obtained from the above engineering soil test, it is 

recommended that the rice husk ash should be used as a admixture with a 

conventional stabilizer such as lime or cement which will produce a more 

profitable result.  
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