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Abstract  

Rice husks and their ashes are agricultural by

silica causing its application in the field of the construction. In this paper the effect of adding rice hus

characteristics (CBR, Proctor density and water content, Atterberg limits) of a plastic clay soil is studied. For this, rice 

ash is added to the soil in various proportions. The results obtained from the tests carried out make it possible

husk ash addition to clay soil reduces clay soil plasticity, swelling and density but increases its consistency and its CBR 

index. 
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Introduction 

The construction on clay is often responsible for losses due to 

the movements of the grounds. The withdrawal

indeed one of the primary causes of disorder with consequences 

that can go as far as the reconstruction of the property in

extreme cases. If the shrinkage-swelling phenomenon cannot be 

avoided, however, it is sufficient to adapt the construction 

system to the clay to ensure stability and thus durability or 

sometimes to increase the overall mechanical characteristics of 

the soil in place or reported. 

 

Techniques for increasing soils mechanical properties can be 

classified into two categories
1-3

: i. soil improvement techniques 

where the soil structure is improved, especially at the level of 

the contacts between the grains, by an additive, a binder, a 

grout, or modified by reducing the voids between the grains, to 

reach a denser state; ii. soil strengthening techniques in which 

structural elements are placed in the soil in order to increase 

mainly the mechanical strength. 

 

Rice husk are products of agricultural origin derived from the 

decortication of rice, having a chemical composition giving rise 

to its application in many fields, especially the field of 

construction. Studies have shown the possibility of using rice 

husk and rice husk ashes as a building material. The rice husk 

ash contains around 90% of silica
4
 and has been used to 

improve properties of soil
4-21

. Generally, rice husk ash use is 

benefit to the plasticity, unconfined compression strength and 

California Bearing Ratio (CBR) of a soil. 

 

In Togo, in rice production areas, rice husk management is often 

difficult. Farmers are often forced to burn these rice husk

in this case, they have to manage the ash produced, which is 

another puzzle. In this article, it is envisaged to improve the 
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Rice husks and their ashes are agricultural by-products coming from rice decortication and containing a significant rate of 

silica causing its application in the field of the construction. In this paper the effect of adding rice hus

characteristics (CBR, Proctor density and water content, Atterberg limits) of a plastic clay soil is studied. For this, rice 

ash is added to the soil in various proportions. The results obtained from the tests carried out make it possible

husk ash addition to clay soil reduces clay soil plasticity, swelling and density but increases its consistency and its CBR 

CBR index, consistency, swelling, plasticity. 

The construction on clay is often responsible for losses due to 

the movements of the grounds. The withdrawal-swelling is 

indeed one of the primary causes of disorder with consequences 

that can go as far as the reconstruction of the property in 

swelling phenomenon cannot be 

avoided, however, it is sufficient to adapt the construction 

system to the clay to ensure stability and thus durability or 

sometimes to increase the overall mechanical characteristics of 

Techniques for increasing soils mechanical properties can be 

: i. soil improvement techniques 

where the soil structure is improved, especially at the level of 

additive, a binder, a 

grout, or modified by reducing the voids between the grains, to 

reach a denser state; ii. soil strengthening techniques in which 

structural elements are placed in the soil in order to increase 

sk are products of agricultural origin derived from the 

decortication of rice, having a chemical composition giving rise 

to its application in many fields, especially the field of 

construction. Studies have shown the possibility of using rice 

husk ashes as a building material. The rice husk 

and has been used to 

. Generally, rice husk ash use is 

benefit to the plasticity, unconfined compression strength and 

In Togo, in rice production areas, rice husk management is often 

difficult. Farmers are often forced to burn these rice husk. Even 

in this case, they have to manage the ash produced, which is 

another puzzle. In this article, it is envisaged to improve the 

mechanical characteristics of a plastic soil, Djagble soil in 

Lome, Togo, by adding rice husk ash.

 

Materials and methods 

Rice husk ash are collected in Kovie, a village located about 27 

km north of Lomé, the capital of Togo. These rice husk ashes 

are light (Table-1), granular class 0/3.15 (Figure

lot of water during the first hour (Figure

was collected in the canton of Djagble located about fifteen 

kilometers north-east of Lomé. The characteristics of this soil 

are presented in Table-1. It is a fine soil (Figure

(Table-1). 

 

Table-1: Materials used characteristics.

Characteristics 

Apparent density(g/cm
3
) 

Atterberg 

limits 

Liquidity limit (%) 

Plasticity limit (%) 

Plasticity index(IP) 

Consistency index 

 

To determine the effect of rice husk ash addition on Djagble 

clay soil characteristics, we varied the mass of ash with respect 

to the clay soil in a range from 0 to 16% in steps of 4%. Table

gives the quantities of materials used for each dosage.
 

The tests carried out on each mixture are: Atterberg limits 

according to standard NF P94-051

according to standard NF P94-093

with swelling measurement according to standard NF P94

078
24

. 
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products coming from rice decortication and containing a significant rate of 

silica causing its application in the field of the construction. In this paper the effect of adding rice husk ash on the 

characteristics (CBR, Proctor density and water content, Atterberg limits) of a plastic clay soil is studied. For this, rice husk 

ash is added to the soil in various proportions. The results obtained from the tests carried out make it possible to say that rice 

husk ash addition to clay soil reduces clay soil plasticity, swelling and density but increases its consistency and its CBR 

mechanical characteristics of a plastic soil, Djagble soil in 

Lome, Togo, by adding rice husk ash. 

ce husk ash are collected in Kovie, a village located about 27 

km north of Lomé, the capital of Togo. These rice husk ashes 

1), granular class 0/3.15 (Figure-1) and absorb a 

lot of water during the first hour (Figure-2). The soil material 

was collected in the canton of Djagble located about fifteen 

east of Lomé. The characteristics of this soil 

1. It is a fine soil (Figure-1) and plastic 

Materials used characteristics. 

Clay soil Rice husk ash 

1,05 0,20 

65 - 

28 - 

37 - 

1 - 

To determine the effect of rice husk ash addition on Djagble 

soil characteristics, we varied the mass of ash with respect 

to the clay soil in a range from 0 to 16% in steps of 4%. Table-2 

gives the quantities of materials used for each dosage. 

The tests carried out on each mixture are: Atterberg limits 

051
22

, Proctor tests Modified 

093
23

 and CBR immersion test 

with swelling measurement according to standard NF P94-
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Figure-1: Materials used grading curve. 

 

 
Figure-2: Rice husks ash water absorption Kinetic curve. 

 

Table-2: Different dosages summary.  

 

Mixtures 

Different dosages 

Clay soil Rice husk ash 

(%) (g) (%) (g) 

Clay soil 100 6000 0 0 

Clay soil + Rice husk ash 96 5760 4 140 

Clay soil + Rice husk ash 92 5520 8 480 

Clay soil + Rice husk ash 88 5280 12 720 

Clay soil + Rice husk ash 84 5040 16 960 
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Results and discussion 

Table-3 gives Atterberg limits (liquidity and plasticity limit, 

plasticity and consistency index) results and the nature of the 

soil. 

 

The plasticity index decreases as the rice husk ash content 

increases: the material becomes less and less plastic. This trend 

is confirmed by the increase in the consistency index. Indeed, 

the increase of the ash content in the clay soil increases its 

consistency which makes it more solid and therefore decreases 

its plasticity. 

 

The results of Proctor optimum densities and water contents, 

swellings measured after four days of immersion and CBR 

index are presented in Table-4. 

 

From the results of Table-4, we plot Figures-3 to 6 curves 

showing the evolution of the dry density and the water content 

at the Proctor optimum, the swelling and the CBR index as a 

function of rice husk ash rate. 

 

Table-3: Atterberg limits Results. 

Ash rate 
Liquidity limit 

(WL) 

Plasticity limit 

(WP) 

Plasticity index 

(IP) 

Soil condition 

according to IP 

Consistency index 

(IC) 

Soil condition 

according to IC 

0% 64,60 27,29 37 Plastic 1 Plastic 

4% 64,40 31,5 33 Plastic 2 Solid 

8% 64,00 33,22 31 Plastic 3 Solid 

12% 61,80 34,18 28 Plastic 4 Solid 

16% 61,00 36,18 25 Little plastic 4 Solid 

 

Table-4: Proctor optimum densities and water contents, swellings and CBR index results. 

Ash rate Proctor optimum density (g/cm
3
) Proctor optimum water content (%) Swellings (mm) CBR index 

0% 1,638 18,00 3,06 0,44 

4% 1,580 18,50 2,78 0,88 

8% 1,560 21,00 2,38 1,24 

12% 1,470 21,50 2,06 1,85 

16% 1,420 23,00 1,5 2,23 

 

 
Figure-3: Proctor optimum density evolution according to rice husk ash rate. 
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Figure-4: Proctor optimum water content evolution according to rice husk ash rate. 

 

 
Figure-5: Swelling evolution according to rice husk ash rate. 

 

 
Figure-6: CBR index evolution according to rice husk ash rate. 

 

Dry density at the Proctor optimum of Djagble clay soil is 

1.64g/cm
3
 for a water content of 18.00%. By varying the 

amount of ash in the sample up to 16% the dry density decreases 

to 1.42g/cm
3
, a decrease from 3.5% to 13.3% and the water 

content increases to 23.00%, an increase of 2.8% to 27.8%. The 

water content increase is due to water absorption of rice husks 
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ash, ashes being very hygroscopic. The dry density decrease is 

due to rice husk ash lightness: indeed, rice huskash increase in 

the mixture corresponds to density decrease because the heavy 

material quantity that is the soil decreases. 

 

The results show that the swelling decreases with increasing 

ash, because the plasticity of the soil decreases as the ash rate 

increases. This decrease varies between 9% and 51%. This trend 

confirms the ashes influence on the plasticity and consistency 

indexes. Indeed, the ash rate increase reflects a clay content 

decrease in the mixture and therefore swelling, since it is the 

clay that is the swelling source. 

 

Lastly, rice husk ashes increase enormously the lift (Figure-6) of 

Djagble soil: the ash rate increase in the mixture results in an 

increase of the CBR index from 100% to 407%. Indeed, clay 

soil consolidation by rice husk ashes reduces the swelling and 

makes the material more solid therefore more resistant or 

bearing. 

 

At the end of this work we can conclude that rice husk ashes 

increase in the mixture ashes- Djagble clay soil: i. decreases 

material plasticity; ii. increases clay soil consistency; iii. 

increases CBR index; iv. decreases material swelling. 

 

Conclusion 

The aim of this paper is to study rice husk ash from Kovie 

influence on Djagble clay soil mechanical characteristics. To 

achieve this goal, we mixed the two materials by varying rice 

husk ash mass relative to clay soil mass at rates ranging from 4 

to 16% and in steps of 4%. Finally, we did tests on the different 

mixtures. The results of the tests on the materials reveal that 

Djagble clay soil is of plastic nature and has a low CBR index 

(0,44). The rice husk ash is light with a high hygroscopic power 

and is comparable to a fine sand. The characterization of the 

various mixtures makes it possible to conclude that rice hush 

ashes improve soil mechanical characteristics. In fact, rice hush 

ash rate increase in the soil causes a decrease in its plasticity, its 

dry density and its swelling but on the other hand it increases its 

consistency, its water content and its CBR index. 
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