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ABSTRACT 

This paper presents an experimental study of the effect of Compaction energy (Standard Proctor SP 

and Modified Proctor MP) on Compressive strength of Rice Husk Ash treated Black Cotton Soil. 

Eighty (80) different samples of Black Cotton Soil (BCS) treated with 5, 10 and 15 % Rice Husk Ash 
(RHA) were prepared using two compactive efforts of Standard Proctor (SP) and Modified Proctor 

(MP) at 2 and 4% on the dry and wet sides of optimum moisture contents (OMC). According to the 

results the soil was classified as A-7-5(18) by American Association of State Highway and Transport 
Officials (AASHTO) classification system and Silt of high plasticity (MH) in accordance with Unified 

Soil Classification System (USCS). Addition of RHA contents resulted in to an improvement in the 
index properties of the soil; increase in Maximum dry density from 1.41 to 1.53 Mg/m

3
 and decrease in 

OMC from 28.8 to 18%. The increase in RHA contents up to 10 % brought about significant 

improvement in the strength of the soil specimens from 67.2 to 299.6 kN/m
2 

and from 95.4 to 332.4 
kN/m

2
 for SP and MP compaction energies respectively. This improvement is mostly on the dry sides 

than on the wet sides of the optimum. The analysis of variance (ANOVA) carried out on the test results 
depicts the statistical significance of the compactive efforts in the improvement of the strength, with 

more influence on the modified proctor than that of standard proctor. 

Keywords: Black Cotton Soil; Compaction Energy; Rice Husk Ash; Compressive Strength. 

 

1. INTRODUCTION 

 

The “black cotton soil” is one of the problematic 

soils that has great tendency for Shrink-swell 

behaviour due to moisture variation. Clays 

generally, exhibit undesired change in engineering 

properties such as low shear strengths, plasticity, 

compressibility and have low resilient modulus 

when in contact with moisture (Osinubi and 

Kundiri, 2007; Moses and Afolayan, 2013; Kundiri 

et al., 2016). Cohesive soils can creep over time 

under constant load, especially when the shear 

stress approaches its shear strength, thus making 

them prone to sliding. For these reasons, lightly 

loaded structures such as foundations, pavements, 

canal beds and linings and residential buildings 

founded on them are severely prone to menace of 

damage (Chen, 1988). Due to these peculiar 

behaviours many civil engineering structures 

constructed on expansive soils get severely 

distressed. Pavements are in particular, susceptible 

to damage by expansive soils because they are 

lightweight and extend over large areas. It is 

therefore necessary to improve the engineering 

properties of the black cotton soils before they are 

used in any engineering construction. 

The inadequate strength and natural stability of 

black cotton soil can be improved using various 

techniques; such as the use of admixtures. 
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Desiccation cracks are common phenomenon 

which occur due to volume changes resulting from 

cyclic swell-shrink moisture variations in cohesive 

soils, and can create pathways for percolation of 

fluids (Rayhani et al., 2007; Allaire et al., 2009; 

Taha and Taha, 2012). The “self –healing” 

Phenomenon weakens the strength of clay soils, 

resulting to shrinkage and subsequent reduction in 

crack dimensions during the wetting process in a 

barrier system (Chertkov, 2002; Tang et al., 2011).  

In general, the natural stability of black cotton soil 

can be improved by means of various agro and 

industrial admixtures such as lime, fly ash, rice 

husk ash, cement, silica fumes etc. to improve the 

properties of the soil for most geotechnical 

applications (Kodikara et al., 2000; Osinubi and 

Nwaiwu, 2006). 

Rice husk ash (RHA) is one of the major 

Agricultural wastes found abundantly; it is defined 

as a pozzolanic material (ASTM C 168, ASTM 

1997) due to its high amorphous silica content 

(Mehta, 1986; Della et al., 2002). In Nigeria, about 

2.0 million tons of rice is produced annually, and 

RHA has so much been utilized as admixture for 

improvement of soils properties (Oyetola and 

Abdullahi, 2006). The burning of rice husk 

generates about 20-23% of its weight as ash 

(Mehta, 1986; Della et al., 2002). It has been 

shown that RHA reduced the plasticity and 

maximum dry density (MDD) of soils but 

increased the optimum moisture content (OMC) 

(Basha et al., 2003). The objective of this paper is 

to examine the effect of compaction energy on 

unconfined compressive strength of Rice Husk Ash 

treated Black Cotton Soil at varying moisture 

contents. 

 

2. MATERIALS AND METHODS 

 
2.1. Materials 
2.1.1. Black-cotton soil: The soil sample used for 

this study was obtained from Baure village 

(latitude 10
0
 16’N and longitude11

0 
21’E) in 

Yamaltu-Deba Local Government Area of Gombe 

state, using the method of disturbed sampling and 

collected at the depth of between 0.5 to 1.0m. The 

materials were preserved in polythene bags to avert 

moisture loss, and transported to the Soil 

mechanics Laboratory of Abubakar Tafawa 

Balewa University, Yelwa Campus Bauchi. 

2.1.2 Rice Husk Ash: Rice husks were obtained 

from rice mill in Yelwa area of Bauchi, and burnt 

using controlled furnace of Abubakar Tafawa 

Balewa University Bauchi (ATBU) at a 

temperature range of 300-600
o
C for 48hrs, to 

produce the RHA which was sieved through BS 

Sieve No 200. 

2.1.3 Water: Portable drinking water was used in 

the absence of distilled water for the purpose of the 

laboratory tests at incremental rate of 2 % as 

suggested by previous literatures (Adrian, 2011). 

2.2. Methods 
Laboratory tests were conducted for the 

determination of the index properties of the natural 

soil and soil treated samples in accordance with BS 

1377 (1990).The two compactive efforts of 

Standard Proctor (SP) and Modified Proctor (MP) 

were carried out as specified by Head (1992).These 

samples were classified as A-7-5(18) according to 

the Association of American States Highway and 

Transportation Officials (AASHTO) Classification 

System (AASHTO, 1986), and Silty Clay of High 

Plasticity (MH) according to the Unified Soil 

Classification System (USCS) (ASTM, D2487, 

1998).Compaction tests were carried out to 

determine the Optimum Moisture Content (OMC) 

and Maximum Dry Density (MDD) on air-dried 

soil samples passing through 4.75mm sieve size. 

Unconfined Compressive Strength (UCS) test was 

conducted on Eighty (80) prepared samples in 

accordance with BS 1377 (1990) on the RHA 

treated Black Cotton Soil (BCS). The specimens 

were prepared by mixing the soil with 0, 5, 10, and 

15% RHA as suggested by most literatures 

(Parimal & Nisheet, 2016) at four different 

moisture contents of 2 and 4% on the dry and wet 

sides of the optimum moisture contents to study the 

effects of the Rice husk ash (RHA) on the 

compressive strength of the Black cotton soil by 

simulating field behaviour of black cotton soil 

strength to dry-wet season moisture fluctuations 

using Standard Proctor (SP) and Modified Proctor 

(MP). 

Two-way analysis of variance (ANOVA) without 

replication at 5 % level of significance was carried 

out to asses in qualitative terms the effects of 

compactive efforts on the strength of the soil. 
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3. RESULTS AND DISCUSSION 

 
3.1 Engineering Properties and Oxide 

Compositions 
The Engineering properties of both the natural and 

treated soil samples vital for determination of 

index properties and classification of the soil were 

investigated and classified as A-7-5 (18) using the 

American Association of States Highway and 

Transportation Officials (AASHTO 1986) soil 

classification system and Silty clay of high 

plasticity (MH) using the Unified Soil 

Classification System (USCS) (ASTM, 1992). 

Physical inspection showed that the soil is dark 

grey in color and has an activity value of 2.35 

which is indicative of active Montmorillonite. The 

activity decreases to 1.67 and subsequently to 0.29 

with increase of 5 to 15% RHA content. The value 

of the specific gravity of the soil was observed to 

be 2.62 which also indicated the prevalence of 

montmorillonite minerals (Das, 2005). The specific 

gravity increases to 2.68 gradually with increase of 

5 to 15 % RHA, the liquid limit maintained a 

constant value of 62 % up to blend of 10 % RHA 

content, but with further increase up to 15 %, the 

liquid limit also increases to 65%. This could be 

due to the reduction in the diffused double layer as 

well as incomplete dilution of the clay content of 

the mix. The subsequent increase in the liquid limit 

could be attributed to the increase in RHA which 

introduced more pozzolanic substances from the 

ash. This requires more amount of water to 

complete the hydration process (Rahman, 1986; 

Osula, 1991; Akinyele et al., 2015). The results are 

summarized in Table 1.  

 

 

Table 1: Engineering Properties of Soil 

 

Properties Rice Husk Ash (%) 

0 5 10 15 

Liquid Limit, (%) 

Plastic Limit, (%) 

Plasticity Index, (%) 

% Sand (0.06-2mm) 

% Silt (0.002-0.06mm) 

% Clay (<0.002mm) 

% Passing BS Sieve NO. 200 (75µm) 

AASHTO Classification 

Group Index  

USCS Classification 

Activity 

Specific Gravity 

Maximum Dry Density (Mg/m3): 

Optimum Moisture Content (%): 

62 

38 

24 

15 

74.8 

10.2 

85 

A-7-5 

18 

 MH 

2.35 

2.62 

1.46 

24.5 

62 

45 

17 

15 

74.8 

10.2 

83 

A-7-5 

15 

MH 

1.67 

2.63 

1.53 

22.3 

62 

57 

5 

15 

74.8 

10.2 

81 

A-7-5 

12 

MH 

0.78 

2.65 

1.52 

21.2 

65 

59 

6 

15 

74.8 

10.2 

84 

A-7-5 

12 

MH  

0.29 

2.68 

1.38 

24.6 

 
 

 
 

The results of chemical analysis was obtained 

using X-ray fluorescence (XRF) carried out in the 

Nigerian Geological Survey Agency Kaduna, 

where samples were sieved and homogenized in 

accordance with BS 3892 for the oxide 

composition of both Black cotton soil (BCS) and 

Rice Husk Ash (RHA) as presented in Tables 2 and 

3 respectively.  

 

 

 

 
 

 

 

Table 2: Oxide Composition of the Black Cotton Soil 

 

Oxide Concentration (%) 

CaO 0.53  

SiO2 31.05  

Al2O3 18.21  

Fe2O3 4.74  

MnO 

TiO2 

LOI 

0.38 

2.34 

< 50 

 

  
 



   

   

 ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.13 NO.2, AUGUST, 2018 

118 
 

 

Table 3: Oxide Compositions of Rice Husk Ash 

 
Oxide Concentration (%) 

  CaO 1.58  

SiO2 67.3  

Al2O3 4.96  

Fe2O3 0.95  

MgO 

LOI 

0.53 

< 25 

 

 

The main oxides of the BCS and RHA are Silicon 

dioxide (SiO2) with 31.05 and 67.3 % and 

Aluminium (III) Oxide with 18.21 and 4.96 % 

respectively. According to Oyekan and Kamiyo, 

(2011), the result of the chemical analysis of the 

RHA in Table 3 shows that the sum of SiO2, Al2O3 

and Fe2O3 is 73.21 %. This satisfies the minimum 

percentage requirement for pozzolana when these 

constituents are added, which is 70% for ASTM 

C618 (American Society for Testing and Materials, 

1978).The moisture content is less than 1.5 % 

specified by BS 3892. 

The clay particles of BCS when mixed with RHA 

powder attracts and absorbs cat-ions from water 

molecules to balance the negative charge on their 

surfaces. The cat-ions are exchangeable with 

another group of different cat-ions having the same 

total charge in the RHA, thus stabilizing and 

improving the properties of the BCS, as observed 

by (Rathan et al., 2016; Alhassan and Alhaji, 

2017).  

Compaction Characteristics: The MDD obtained 

are 1.52 and 1.53Mg/m
3
 for SP and MP 

compactive efforts respectively, corresponding to 

OMC values of 28.8 and 24.6 % for SP and MP 

compactive efforts respectively. The MDD 

increases with increase in RHA content, as the 

OMC reduced. This could be attributed to the RHA 

occupying the void within the soil matrix and also 

the flocculation of the soil particle due to ions 

exchange. The MP compactive effort gave the 

highest MDD values of 1.53Mg/m
3
 which 

corresponds to OMC values of 22.3%.It could be 

inferred that 5 % RHA yielded the highest MDD, 

followed by 10 % RHA, with 15 % RHA being the 

least. This can be attributed to the replacement of 

soil by RHA in the mixture which absorbs more 

moisture up to an optimum RHA content of 5 – 7 

%, and then a slight decrease in MDD due to the 

incomplete hydration process at 10 and 15 % of the 

RHA mixture. It was observed that an increase in 

MDD was accompanied with a decrease in OMC 

and varies with compaction energy. This in 

agreement with earlier researches such as (Blotz et 

al., 1998; Osinubi, 2000; Eberemu, 2011; Osinubi 

and Stephen, 2007; Oriola and Moses, 2010; 

Kundiri et al., 2016).The trends of the moisture – 

density relationships for SP and MP compactive 

efforts are presented in Figures 1 and 2.

 

 
 

Figure 1: Moisture – Density Relationship for the Natural and Treated Soils using SP Compactive Effort. 
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Figure 2: Moisture – Density Relationship for the Natural and Treated Soils using MP Compactive Effort. 

3.2. Unconfined Compressive Strength 

The UCS values of the untreated Black Cotton Soil 

decreases with increase in moulding water content. 

Increase in the moulding water content dilutes and 

reduces the electrolyte concentration of the mixture 

leading to an increase in the diffused double layer 

expansion; thus the distance between the alumina – 

silicate unit layers thereby increases. The UCS 

values for the untreated BCS were 67.2 and 95.5 

kN/m
2
 for SP and MP compaction energies 

respectively. The variation of UCS with increase in 

RHA contents at 2 % variations of moulding water 

content on both dry and wet sides of the optimum 

moulding water content showed an improvement in 

the UCS values up to the blend of 10 % RHA, 

resulting to an increased in strength of almost 

299.6 and 332.4 kN/m
2
 for SP and MP compaction 

energies respectively. With 15 % RHA treatment, a 

maximum UCS value of 195.8 kN/m
2 

was obtained 

which is slightly below the blends of 10 % RHA. 

This trend may be attributed to the higher OMC 

which resulted in decreased MDD with decrease in 

UCS. This is in conformity with earlier findings by 

(Mtallib and Bankole, 2011; Ikara et al., 2016). 

The variation of the UCS with blends of RHA 

contents are shown in Figures 3 and 4 for SP and 

MP compactive efforts. 

It can be seen from the fore mentioned figures 

above that soil compacted at water content greater 

than OMC has lower compressive strength (UCS), 

than those compacted at water content lower than 

OMC; this is related to the fact that soil compacted 

at moisture content above OMC tends to have 

lower MDD and vice versa. In the same vein, the 

values of UCS tends to decrease with addition of 

RHA up to 5 % for BCS compacted 2 and 4 % on 

the wet sides of water content which is below the 

OMC. This can be related to increase in RHA 

powder filling the soil pores up to optimum RHA 

content of 10 % thus yielding higher strength. 

The statistical results of the analysis of variance 

(ANOVA) for the UCS showed that both 

compactive efforts of SP and MP were statistically 

significant for improving the strength of RHA 

treated black cotton soil with (F = 3.05 > Fcrit = 

1.87) for SP and (F= 67.16 > Fcrit = 3.24) for MP. 

The effect of Modified proctor (MP) is more 

pronounce than that of Standard proctor (SP), as 

presented in Table 4. 
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Figure 3: Variation of UCS with RHA Treatment for SP Compactive Effort 
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Figure 4: Variation of UCS with RHA Treatment for MP Compactive Effort 

Table 4: ANOVA for test of significance 

 

Source of 

Variation SS Df MS F P-value F crit 

SP 125370.1 19 6598.425 3.053729 0.001664 1.867332 

MP 290240.1 2 145120 67.16107 3.35E-13 3.244818 

Error 82109.49 38 2160.776 

   

       
Total 497719.7 59         

 

 

4. CONCLUSION 
 

Laboratory tests were conducted on Black 

Cotton soil treated with up to 15 % Rice 

Husk Ash (An Agricultural waste 

Pozzalan) to study the effects of Standard 

and Modified Proctor compaction energies 

on the compressive strength of RHA 

treated black cotton soil at OMC, 2 and 4 

% on the dry and wet sides of OMC. The 

soil samples were treated with up to 15 % 

RHA contents and compacted, in which 

inferences were drawn based on results of 

the investigations, as follows: 

i. The soil was classified as A-7-5(18) and 

MH according to AASHTO and USCS 

classification systems. 

ii. Addition of RHA from 0 to 10 % resulted 

to increase in MDD from 1.41 to 1.52 

Mg/m
3
and 1.46 to 1.53 Mg/m

3
 for SP and 

MP compactive efforts respectively. 

iii. The increase in blends of RHA contents up 

to 10 % brought about an improvement in 

the strength of the soil specimens to 299.6 

and 332.4 kN/m
2
 for SP and MP 

compaction energies respectively. This 

improvement is mostly on the dry sides of 

the optimum than on the wet sides. 

iv. Higher compaction energy also improves 

the strength of BCS by reducing the voids 

and enhancing bonding between the silica 

in the RHA. 

v. The analysis of variance (ANOVA) 

depicts the statistical significance of the 

compactive efforts in the improvement of 

the strength, with more influence of MP 

than that of SP yielding values of Fcrit of 

1.87 and 3.24 respectively. 
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