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ABSTRACT 

The effect of lime-rice husk ash on the Atterberg limits properties vis-à-vis the engineering properties of lateritic soil 

was investigated.  Samples of lateritic soil, lime, and rice husk ash were used in the study.  0%, 2%, 4%, 6%, 10%, 

and 12% lime, and 0%, 7.5%, 10%, and 12.5% rice husk ash by weight of the soil were applied in varying 

combinations with the soil.  Three-way combinations comprising of lime-lateritic soil, rice husk ash – lateritic soil, 

and lateritic soil-lime-rice husk ash combinations was adopted.  The most economical lime-rice-husk ash 

combinations to improve the Atterberg limits properties, hence the engineering properties of the soil was 

determined.  Results show that lime-rice husk ash improves the Atterberg limits properties, and consequently the 

engineering properties of lateritic soil.  The most economical lime-rice husk ash combination is 6% lime and 12.5% 

rice husk ash.  It is recommended that 6% lime and 12.5% rice husk ash could be deployed to economically improve 

on the engineering properties of lateritic soil. 

 

Significance: The study has provided cost effectiveness in the process of improving on the engineering 

properties of lateritic soil through the economic combination of lime-rice husk ash with 

lateritic soil.  
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1.0 INTRODUCTION 

The search for alternative applications and economic utilization of naturally occurring local materials and 

agricultural or industrial wastes and products remains an important area of research interest in the drive towards the 

overall development of any nation.  In Nigeria, like in other tropical and subtropical countries, laterites vis-à-vis 

lateritic soil are abundant naturally occurring local materials.  Rice husk, from which rice husk ash is obtained, is an 

agricultural waste found heaped around areas where rice is milled to remove the husk.  The heaped rice husk with 

the attendant disposal problems constitute nuisance to the environment and poses health hazards to humans and 

poultry.  Lime is an industrial product which has wide varieties of applications including soil modification and soil 

stabilization.  

Rice husk ash has been reported to impart better engineering properties on lateritic soil (Mtallib, 2006). Lime has 

been proved potent in improving the engineering properties of soils (Ibrahim, 1983; Osula, 1984; Nelson and Miller, 

1992; Osinubi and Katte, 1997).  However, better engineering properties of soils are obtained with lime than with 

rice husk ash.  Better results obtained when lime is used are associated with higher cost when compared with the use 

of rice husk ash, since rice husk ash is more cheaply obtained than lime.  Rather than using lime alone, a 

combination of lime and rice husk ash will bring about a reduction in the cost of the process of enhancing the soil 

properties.  Could the combination of lime and rice husk ash yield good results in improving the engineering 

properties of lateritic soil?  Favourable effects of lime-rice husk ash on the lateritic soil will result into increased 

applicability of lateritic soil at high level of economic utilization while at the same time providing viable routes of 

disposing rice husk in more beneficial and economical manner. 
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2.0 LITERATURE SURVEY 

Soil is the most abundant natural and readily available construction material.  There exist a high level of variability 

of soil all over the regions of the world.  In the tropics and subtropics regions, for instance, one of the commonest 

variants of soil is laterite. 

Laterite constitutes an important soil group in the tropics and subtropics, and is widely used in civil engineering and 

building constructions.  Because laterite is a widely researched material, numerous and diverse definitions of the 

material have emerged over the years.  Buchanan (1807) cited in Gidigasu (1976) used the term „laterite‟ to describe 

the reddish ferruginous, vesicular, unstratified and porous material with yellow ochre occurring extensively in 

Malaba, Indian.  Little (1969) portrayed laterite as igneous rock tropically weathered in-situ, which has decomposed 

partially or totally with concretions of iron or aluminum sesquioxide at the expense of silica.  Osula (1984) 

supported the presence of manganese in laterite as was identified by Rastal (1941).  According to Osula (1984), 

laterite is a highly weathered tropical soil rich in secondary oxides of any or combination of iron, aluminum, and 

manganese. Smith (1998) defined laterite as a residual soil formed by chemical weathering of the parent rock after 

the leaching out of soluble rock material by rain water to leave behind the insoluble hydroxides of iron and 

aluminum. 

On the basis of Joachin and Kandia (1941), lateritic soil is one of the categories of laterites.   Joachin and Kandia 

(1941) categorized laterites into three, viz: (i) Laterite, (ii) Lateritic soil, (iii) Non-lateritic soil. This categorization is 

based on the silica-sesquioxide ratio [Si02/(Fe203+Al203)].  Ratios less than 1.33 indicate laterite; ratios between 1.33 

and 2.00 indicate lateritic soil, while ratios greater than 2.0 indicate non-lateritic soil.  Ola (1983) defined lateritic 

soil as product of tropical weathering with red, reddish brown colour, with or without nodules or concretions and 

generally (but not exclusively) found below hardened ferruginous crust or hard pan.  

Lateritic soils are used for various building and civil engineering purposes.  Lateritic soil has been described in 

Osinubi and Katte (1997) as the most common pavement material in the tropics and subtropics.  The use of lateritic 

soil for construction purpose depends on its engineering property.  The engineering properties are in turn dependent 

on the properties of the lateritic soil which include particle size distribution, moisture content, specific gravity, 

maximum dry density, liquid limit, plastic limit, shrinkage limit, shear strength, and compressive strength.  Most 

lateritic soils require some improvements on their engineering properties before they can be used for construction 

purposes.  The conventional improvement methods have involved the use of lime, cement or bitumen.  Researches 

into soil stabilization such as that of Muntohar (1999) have shown that in addition to cement, lime and bitumen, 

agricultural wastes such as rice husk ash can be used to improve on the engineering properties of soils. 

Rice husk ash is obtained from agricultural waste product – the rice husk.  When rice husk is burnt at controlled 

temperature, the ash is obtained and about 17% - 25% of the rich husk weight remains as ash. Juliano (1964) and 

Wen-Hwei (1986) have found that the predominant component of the ash is silica with other traces of minerals as 

indicated in table 1.  Harsch (1970) established pozzalonic identity for rice husk ash. 

 

Table 1: Composition of Rice Husk Ash Minerals. 

Mineral Composition (%) 

SiO2 

K2O 

Na2O 

CaO 

MgO 

Fe2O3 

P2O5 

SO3 

Cl 

86.90 - 97.30 

0.58 - 2.05 

0.00 - 1.75 

0.20 - 1.50 

0.12 - 1.96 

~0.54 

0.2 - 2.85 

0.1 - 1.13 

~0.42 

Source: Wen-Hwei (1980).  

 

Lime in the form of quick lime (CaO) or hydrated lime Ca(OH)2 has been used as a material in construction in many 

ways.  Lime of one kind or another has been used in mortar, in masonry cement, in plastering, and in concrete.  

Lime, rice husk ash, and other materials such as cement, fly ash, and pulverized coal ash, are regularly employed to 

enhance the engineering properties of soils.  

Engineering properties of soils admix with lime, cement, fly ash, rice husk ash, or a combination of two or more of 

these have been investigated.  Remarkable improvements on the engineering properties of the soils have been 

reported from these investigations.  Chen (1988) concluded that cement improves the liquid limit, the plastic limit, 

and the plasticity index; and reduces potential volume changes in soils.  Lime has been shown to impart desirable 
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properties on soils (Ibrahim, 1983, Osula, 1984; Nelson and Miller, 1992; Osinubi and Katte, 1997).  Ola (1983); 

reported substantial improvement in the geotechnical properties of lateritic soils with the use of lime and cement 

admixtures.  Indraratna et al (1995) showed that the strength of soil mixed with lime-cement-fly ash is 2-3 times 

greater than that of the natural soil.  Nicholson et al (1994) and Chang (1995) found that the properties of fine 

grained soils and tropical clays are significantly improved when admixed with fly ash or lime-fly ash.  Mtallib 

(2006), concluded that better liquid limits are produced in lateritic soil-rice husk ash mix when the rice husk ash 

content is less than 10% by weight of the soil.  The same study also concluded that better plastic limits and plasticity 

index results are obtained when the rice husk ash content in the soil is 10% and above.    In the case of shrinkage 

limit, Mtallib (2006), concluded that rice husk ash content of 20% and below in the lateritic soil, results in increase 

in the shrinkage limit; however, the increase in the linear shrinkage are generally small.  Muntohar (1999) reported 

substantial improvement on the engineering properties of soft clay soils when blended with lime and rice husk ash. 

The surveyed literatures suggest that there exist an aspect that is yet to be given adequate consideration in the 

scheme of things.  This aspect is identified here as: “how are the engineering properties of lateritic soil affected 

when the lateritic soil is admixed with lime-rice husk ash combination?”  This study addresses this question to fill 

the vacuum created by this aspect. 

 

3.0 METHODOLOGY 

3.1 Materials and Tests 

Lateritic soil samples were collected at a depth of 1.5m from two borrow pits located at about 8km apart. An open 

container was used to burn the rice husk to obtain the rice husk ash.  Powdered hydrated lime was purchased from 

accredited sellers.  0%, 4%, 6%, 8%, 10%, and 12% of lime, and 0%, 7.5%, 10% and 12.5% of rice husk ash by 

weight of the lateritic soil were mixed with the lateritic soil samples.  The Atterberg limits tests were carried out 

within the provisions of BS1377: 1990.  The Atterberg limits tests consist of the liquid limit, plastic limit, and linear 

shrinkage tests.  The „plasticity index‟ was calculated from the liquid limit and plastic limit. 

3.2 Liquid Limit Test 

The liquid limit is the water content at which the soil has a small shear strength that it flows to close the groove of 

standard width when barred in a specific manner.  The liquid limit tests on the natural lateritic soil, lime-lateritic soil 

mix, rice husk ash-lateritic soil mix, and lateritic soil plus lime and rice husk ash mix were conducted using the 

procedure detailed in BS1377: 1990.  Results are shown in table 2. 

 

Table 2:  Liquid limit results 

Lime (%) Rice husk ash (%) 

0 7.50 10 12.50 

0 49.36 46.52 47.98 48.38 

4 39.90 44.27 44.58 45.91 

6 38.39 42.62 42.65 45.71 

8 37.70 41.48 41.28 45.41 

10 36.20 39.43 40.42 40.68 

12 30.90 31.28 38.31 37.92 
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3.3 Plastic Limit Test 

The plastic limit is the water content at which the soil begins to crumble when rolled into threads of specific size, 

usually 3mm.  The plastic limit tests were carried out on the lateritic soil, lateritic soil plus lime, lateritic soil plus 

rice husk ash, and the mixture of lateritic soil, lime, and rice husk ash using the procedure of BS1377:1990, and the 

results are shown in table 3.   

 

Table 3: Plastic Limits Results 

Lime (%) Rice husk ash (%) 

0 7.50 10 12.50 

0 27.00 27.29 29.27 30.80 

4 29.66 31.51 33.65 39.35 

6 31.38 30.71 35.60 39.40 

8 30.80 33.13 35.60 38.00 

10 30.23 32.06 35.20 36.45 

12 28.24 30.25 33.45 36.10 
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3.4 Plasticity Index Calculation 

 
The plasticity index (PI) as calculated from the values of the liquid limit and plastic limit using the relationship, 

PI = LL – PL are shown in table 4. 

 

Table 4:  Plasticity Index Results 

Lime (%) Rice husk ash (%) 

0 7.50 10 12.50 

0 22.36 19.23 18.71 17.58 

4 10.24 12.76 10.93 6.56 

6 7.01 11.91 7.05 6.31 

8 6.90 8.35 5.68 7.41 

10 5.97 7.37 5.22 4.23 

12 2.66 1.03 4.86 1.82 
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3.5 Linear Shrinkage Test 

The shrinkage limit is the water content that is sufficient to fill the pores when the soil is at maximum volume it will 

attain on drying.  The linear shrinkage of the lateritic soil, lateritic soil and lime, lateritic soil and rice husk ash, and 

lateritic soil, lime and rice husk ash mixes were calculated from the equation: 

      Length of oven dry specimen   

Linear shrinkage (%)  =     1 -  -----------------------------------  x 100 

        Initial length of specimen 

 

Results are shown in table 5. 

 

Table 5: Linear Shrinkage Results 

 

Lime (%) Rice husk ash (%) 

0 7.5 10 12.5 

0 8.93 7.86 7.86 8.57 

4 8.57 7.32 6.97 6.94 

6 5.00 6.79 6.61 6.17 

8 5.00 6.07 5.44 4.86 

10 5.00 5.71 5.25 4.09 

12 5.00 3.89 4.29 3.93 
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4.0 DISCUSSION OF RESULTS 

4.1 Liquid Limit 

 

Results of the liquid limit tests are presented in table 2, and graphically depicted in figure 1.  Decrease in the liquid 

limit, taken alone, is an indication of an improvement on the engineering properties of soils. 

The liquid limit of the lateritic soil is 49.36%. The values of the liquid limit of lime-lateritic soil mix are lower than 

the liquid limit of the lateritic soil.  The liquid limit of the lime-lateritic soil mix decreases with increase in the lime 

content.  In the case of rice husk ash-lateritic soil mix the liquid limit increases with increase in the rice husk ash 

content; however these values are also lower than that of the lateritic soil.  For all percentage contents of rice husk 

ash, the liquid limit decreases with the increase in the lime content. Generally, for all percentage contents of lime, 

the liquid limit increases with increase in the rice husk ash content.  The only deviation occur at 8% lime and 10% 

rice husk ash, and 12% lime and 12.5% rice husk ash. 

All the values of the liquid limit of the lateritic soil-lime-rice husk ash mix are lower than that of the lateritic soil.  

The lowest value of 31.28% is observed at 12% lime and 7.5% rice husk ash combination with the lateritic soil.  The 

highest value of 45.91% occurs at 4% lime and 12.5% rice husk ash combination with the lateritic soil.  Since any 

given combination of lime and rice husk ash with the soil produces a liquid limit value that is lower than that of the 

lateritic soil, the liquid limit of the soil is improved by mixing the soil with any combination of lime and rice husk 

ash. 

Considering individual combinations, results are better at all percentage values of rice husk ash combined with 12% 

lime.  Even within these combinations, the best technical value (i.e. 37.92% which is the lowest value) of liquid 

limit is obtained at 12% lime and 12.5% rice husk ash.  Nevertheless, the liquid limit result that maximizes the use 

of rice husk ash is 40.68% which is observed at 10% lime and 12.5% rice husk ash. This is seen as the most 

economical value.  The difference between the most economical value (40.68%) and the best technical value 

(37.92%) is only 2.76%.  Since the difference is small and both values represent an improvement in liquid limit 

property of the soil, the combination which produces enhanced improvement at maximum utilization of rice husk 

ash to reduce the cost of lime is preferred. 
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4.2 Plastic Limit 

Results from the plastic limit tests are given in table 3 and portrayed graphically in figure 2. The plastic limit of the 

lateritic soil is 27%.  A decrease in the plastic limit of the lateritic soil is indicative of the improvement in the plastic 

limit, while increase in the plastic limit signifies otherwise. 

At all lime-lateritic soil mix, the plastic limit values are higher than that of the lateritic soil.  For lime-lateritic soil 

mix, the plastic limit increased between 4% and 6% and decreased at 8% to 12%.  The plastic limit values of rice 

husk ash – lateritic soil mix are higher than that of the lateritic soil. Plastic limit for rice husk ash-lateritic soil mix 

decreased between 7.5% and 10%, and increased between 10% and 12.5%.  For any given content of lime, the 

plastic limit increases with increase in the rice husk ash content.  On the contrary, the plastic limits obtained from a 

given content of rice husk ash in combination with all the various contents of lime do not show a particular 

directional movement, especially in the case of 7.5% rice husk ash where the plastic limit decreased between 4% 

and 6% lime, increased between 6% and 8% lime, after which the plastic limit decreased with subsequent increase in 

the lime content.  In the case of 10% rice husk ash, the plastic limit at 6% lime is higher than that at 4% lime, 

thereafter, the plastic limit decreased with the increase in the lime content.  At 12.5% rice husk ash content, there is 

an initial increase in the value of the plastic limit between 4% and 6% lime, further increase in the lime content 

produced a decrease in the plastic limit. For all lateritic soil-lime-rice husk ash mix, the plastic limit values are 

higher than that of the lateritic soil.  These results agree with Muntohar (1999) who reported increase in the plastic 

limit with increasing lime and rice husk content in soft clay. 

Improvement in the plastic limit should be indicated by decrease in the plastic limit. That all the plastic limit values 

of the lateritic soil-lime-rice husk ash mix are higher than that of the lateritic soil implies that there is no 

improvement on the plastic limit of the soil.  It should be stressed here that the effect of lime-rice husk ash on the 

plastic limit of the lateritic soil alone do not provide sufficient basis to conclude on how the engineering properties 

of the soil are affected. This effect will have to be combined with other effects, such as the effect of the liquid limit, 

for a better judgment to be made.  It should be recalled that the plasticity index (PI) which is an important 

engineering property of soils is calculated from liquid limit and plastic limit. The nearest value of plastic limit from 

the lateritic soil-lime combination to the plastic limit of the lateritic soil is 28.24% obtained at 12% lime content 

without rice husk ash.  Since all the plastic limit values of the lateritic soil-lime-rice husk mix are higher than that of 

the lateritic soil, it suggests that the best technically acceptable value should be the lowest from these combinations, 

which incidentally will be the closest to the best value (i.e. 28.24%) obtained at 12% lime content without rice husk 

ash. This lowest value is 30.25% obtained at 12% lime and 7.5% rice husk ash mix with the lateritic soil, and is only 

2.01% different from 28.24%.  Thus, the combination of 12% lime and 7.5% rice husk ash is regarded in this case as 

the economical combination. 

 

4.3 Plasticity Index 

Results from the calculations of plasticity index (PI) are presented in table 4, and shown graphically in figure 3. The 

plasticity index of the lateritic soil is 22.35%.  The plasticity index of lateritic soil-lime mix decreases with the 

increase in the lime content. Similarly, the plasticity index of the lateritic soil-rice husk ash mix decreases with the 

increase in the rice husk ash content.  The plasticity index values for the lateritic soil-lime-rice husk ash mix are all 

lower than the plasticity index of the lateritic soil. 

Decrease in the plasticity index indicates an improvement in the engineering properties of soils.  That the plasticity 

index values of the lateritic soil-lime-rice husk ash mix are all lower than that of the lateritic soil shows that lime-

rice husk ash combinations with the lateritic soil result in the improvement of the engineering properties of the 

lateritic soil.  Though all combinations of lime-rice husk ash have the effect of improving the plasticity index of the 

soil, but the plasticity index value of 6.31% is one of the best values that allow the maximum use of rice husk ash to 

reduce the cost of lime required. This value is yielded by 6% lime and 12.5% rice husk ash combination. Therefore, 

the plasticity index value of 6.31% is regarded here as the most economical technical value, while 6% lime and 

12.5% rice husk ash combination is regarded here as the most economical combination. 

 

4.4 Linear Shrinkage 

Results of linear shrinkage tests on the lateritic soil are presented in tale 4, and graphically demonstrated in figure 4.  

The shrinkage limit of the lateritic soil is 8.93%. The shrinkage limit decreases with the increase in the lime content.  

Increase in the rice husk ash content also produced decrease in the shrinkage limit of the lateritic soil.  For all 

combinations of lateritic soil-lime-rice husk ash mix, the shrinkage limits are lower than that of the lateritic soil. 

The lower the shrinkage limit, the better the performance of the material in structures.  The higher the shrinkage 

limit of a material, the lower the durability of the structure with which the material is constructed.  Therefore, the 
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reduction in the shrinkage limit of the lateritic soil mix with lime-rice husk ash signifies improvement in the 

engineering properties of the soil. 

That all combinations of lateritic soil lime rice husk ash mix produced shrinkage limit values lower than that of the 

lateritic soil is indicative of satisfying the technical requirements of improving the engineering properties of the soil.  

However, it is relevant to identify the combination of lime-rice husk ash that economizes the use of lime by 

maximizing the use of rice husk ash. This can be found in the shrinkage limit value of 6.17%, which is obtained at 

6% lime and 12.5% rice husk ash combination. Therefore, the 6% lime and 12.5% rice husk ash is regarded here as 

the most economical combination in achieving better shrinkage limit result. 

 

 

5.0 CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions 

The following conclusions are drawn from the study. 

1. Lime-rice husk ash improves the Atterberg limits properties of the lateritic soil; hence consequent 

improvement of the engineering properties of lateritic soil admixed with lime-rice husk ash. 

2. Greater economy with good results in improving the engineering properties of lateritic soils is achieved 

at 6% lime and 12.5% rice husk ash combination. 

 

5.2 Recommendation 

It is recommended that 6% lime and 12.5% rice husk ash be admixed with lateritic soil when improvement on the 

engineering properties is required at maximum economy. 
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