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ABSTRACT 
Fly ash, rice husk ash (RHA), gypsum, and littorina littorea (periwinkle) shell powder 
were used to stabilize clay soil. The soil is classed as an A – 6(11) soil / medium coarse 
sandy clay soil. The test results showed that fly ash is the best stabilizing material, 
followed by gypsum. The periwinkle shell did not increase the shear strength of the soil 
and RHA decreased it. The RHA and fly ash are expected to develop more shear 
strength as they age because of their silica content. Fly ash, gypsum, and RHA are 
good materials for clay soil stabilization because of the improved shear strength and 
ease in compaction which they impart. The maximum dry density and optimum 
moisture content of the stabilized clay are reasonably good. These materials are 
recommended for use in sandy clay soil stabilization as they generally improve the 
engineering properties of such soils. 
Keywords: Compaction, fly ash, gypsum, liquid limit, littorina littorea, maximum dry     
        density, plastic limit, rice husk ash, shear strength, sieve analysis,    
        stabilization          

 

INTRODUCTION 
Clay soil stabilization in road construction has created so many waves in the construction industry because 
the difficulties associated with it have been blown out of proportion. The research is aimed at investigating 
the use of local and industrial waste materials as stabilzers for coarse-medium sandy clay soil. It optimises 
the waste materials for geotechnical and structural benefit enhancing their economic viability and usage. The 
stabilized soil was specifically coarse-medium sandy clay soil. The stabilizers were added to the clay soil in 
equal portions to determine the best of the materials that can improve the engineering properties of the 
unstabilized clay.  
 

LITERATURE REVIEW 
RICE HUSK ASH 
Rice Husk is a by-product of threshing paddy. About 20% of the dry mass of harvested padi is husk From 
these residue, between 17% and 23% by weight are left as ash when the husk is burned. The ash is about 
90% pure silica and if properly prepared behaves like cement [1]. During milling of paddy about 78 % of the 
weight is received as rice, broken rice and bran . About 22 % of the weight of paddy is received as husk. 
This husk is used as fuel in the rice mills to generate steam for the parboiling process. It contains about 75 % 
organic volatile matter and the balance of 25 % of the weight is converted into ash during the firing process. 
This is what is known as rice husk ash (RHA). For every 1000 kgs of paddy milled, about 220 kg (22 %) of 
husk is produced, and when this husk is burnt in the boilers, about 55 kg (25 %) of RHA is generated. 
Pozzolanas are materials containing reactive silica and alumina which on their own have little or no binding 
property but, when mixed with lime in the presence of water, will set and harden like cement. Pozzolan is an 
important ingredient in the production of alternative to ordinary Portland cement. Pozzolanas can be used in 
combination with lime and/or OPC. When mixed with lime, pozzolanas greatly improve the properties of 
lime-based mortars and concretes and conditions them for use in a wide range of building applications. 
Alternatively, they can be blended with OPC to improve the durability and workability of concretes, and 
considerably reduce its cost. A wide variety of siliceous or aluminous materials may be pozzolanic, 
including the ash from a number of agricultural and industrial wastes. Of the agricultural wastes, rice husk 
has been identified as having the greatest potential as it is widely available and, on burning, produces a 
relatively large proportion of ash, which contains around 90% silica. About one tonne of husk is produced 
from five tonnes of rice paddy and it has been estimated that some 120 million tonnes of husk could be 
available annually on a global basis for pozzolana production. As the ash content by weight is about 20%, 
there are potentially 24 million tonnes of RHA available as a pozzolana.  
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Rice is grown in large quantities in many Third World countries including China, the Indian sub-continent, 
South-east Asia and, in smaller quantities, in some regions of Africa and South America. Traditionally, rice 
husk has been considered a waste material and has generally been disposed off by dumping or burning, 
although some has been used as a low-grade fuel. Nevertheless, RHA has been successfully used as a 
pozzolana in commercial production in a number of countries including Columbia, Thailand and India [2], 
[3], [4]. RHA has been found suitable for wide range of domestic as well as industrial applications. 
Considering the importance and increasing demand of this material, a systematic study based on properties 
and industrial applications has been carried out [5]. The physical and chemical properties of RHA are 
discussed in [6], [1]. Silicon oxide forms the main component (90-97%) of the ash with trace amounts of 
CaO, MgO, K2O ) and Na2O[7]. 
 

FLY ASH  
Fly ash (FA) is an inorganic, non-combustible by-product of coal-burning power plants. As coal is burnt at 
high temperatures, carbon is burnt off and most of the mineral impurities are carried away by the flue gas in 
the form of ash. It is a pozzolanic material possessing no cementitious value but which will, in finely divided 
form and in the presence of moisture, chemically react with calcium hydroxide at ordinary temperature to 
form compounds possessing cementitious properties [8 ]. The use FA is of significant interest at present 
because the focus is on recycling materials and reducing environmental polution. The preparation and 
properties of fly ash  was discussed in [9]. [10] discussed the chloride permeability of fly ash and silica fume 
based ternary blended concrete.. In recent times durability properties play an equal role as strength. The 
strength and durability of concrete was enhanced by adding mineral admixtures like fly ash and rice husk 
ash, in concrete. This enhancement of strength and durability is due to the improvement of micro-structure 
of cement paste like porosity and permeability [11]. Naik studied the influence of fly ash on chloride 
permeability of concrete [12]. Fly ash concrete was found to have increased resistance to chloride ion 
penetration and increased electrical resistance [13]. The Chemical composition of Silica (SiO2 ), 
Alumina(Al2O3), Ferric oxide(Fe2O3), Calcium oxide(CaO), Magnesium oxide(MgO), Sodium oxide 
(Na2O), Potassium oxide(K2O), Sulphuric anhydride (SO3) of fly ash in percentages are 58.3, 31.7 , 5.9,  2.0,  
0.1, 0.8, 0.8, and 0.2  respectively [14]. 
 

LITTORINA LITTOREA SHELL 
Periwinkles are generally small greenish marine snail from the littoinidae family. They are widely 
distributed along the shores of the north Atlantic and pacific Ocean. The are usually herbivorous and are 
found on rocks, stones or pilings between high and low tide marks. A few are found on mud-flats and the 
tropical form is found on prop roots of mangrove trees. It was observed that ten out of the eighty species of 
periwinkle in the world are found in West Africa [15]. The common periwinkles found in Nigeria belong to 
the mollusca group and their habitat is mainly the mangrove swamp, where they are found in clusters. They 
are dark and have hard elongated conical shape with narrow deep posterior canals and siphoned notches. 
Periwinkle shell is alkaline in nature. The various chemical properties present in periwinkle shell include K, 
Na, P205 , LOI, CaCO3, MgCO3, Ph and the percentage constituent are 0.05,0.45,0.22,44.25,86.68,1.25 and 
8.66 respectively[16]. The chemical properties of periwinkle ash are SiO2,  Al2O3, Fe2O3,CaO,MgO,SO3 
,K2O,Na2O,Mn2O3 ,P2O5,TiO2,LOI  and their corresponding percentage constituent are 33.84, 10.2 ,6.02, 
40.84, 0.48, 0.26,0.14,0.24, 0 ,0.01,0.03 , and 7.6 respectively [17]. 
 

GYPSUM 
White cement is made by heating the mineral gypsum. Large deposits were originally found outside of Paris 
in France where it borrowed it name of plaster of paris(POP). When gypsum is heated to about 1500C losses 
water resulting in the evolution of large amount of steam leaving a residue which is ground to powder to 
produce POP [18]. The equation is as follows. 

2CaSO4·2H2O                   heat                  2CaSO4·½H2O  +  3H2O 

Addition of water to Plaster of Paris results in production of Gypsum 

2CaSO4·½H2O + 3H2O                     2CaSO4·2H2O + heat 

The chemical formula for plaster of Paris is CaSO4·½H2O    
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MATERIALS AND METHODS 
The materials used in this research were clay soil, rice husk ash, fly ash, lime and periwinkle shell. The 
periwinkle shell used for this research were obtained form Ete in Ikot Abasi Local Government Area of 
Akwa Ibom State, Nigeria. The shells were washed and air dried in the laboratory for about 48 hours to 
bring them to a saturated surface dry condition before use. The shell was ground, sieved and mixed with 
clay.  The rice husk ash was obtained from rice mill in Abakaliki, capital of Ebonyi state in south eastern 
Nigeria. Burning heap was dug open to obtain a well burnt layer of fine ash. The fly ash was obtained from 
Bori, in Ogoni, Rivers State in South-South Nigeria. The gypsum used was the Molder 3 brand. 
The tests carried out were sieve analysis, moisture content, liquid limit, plastic limit, compaction and 
triaxial. The equipment used were a set of BS sieves, weigh balance, thermostatically controled oven, 
moisture content air tight containers, water can, spatula, Casagrande liquid limit apparatus, grooving tool, 
porcelain evaporating dishes, cutting knife, vicat apparatus, standard proctor mould, 2.5kg rammer, 
lubricant, mixing trail with trowel and  triaxail machine. 
3300g of clay soil was weighed and tested for particle size distribution, moisture content, liquid limit, plastic 
limit and the plastic index calculated for accurate unified soil classification. Same measurement was also 
used for compaction and triaxial tests. 300g(9.01%) of RHA, Fly ash, gypsum and Periwinkle shell were 
measured and replaced in the 3300g of clay and tested for moisture content, liquid limit, plastic limit, shear 
strength, optimum moisture content (OMC) and maximum dry density (MDD) . 
The moisture content of the deferent stabilizations at 25, 30 and 35 blows were obtained and graph plotted to 
observe the required saturation to achieve the liquid limit for clay soil and other stabilizers (Table II and Fig 
2). Clay stabilized with RHA, gypsum, fly ash, periwinkle shell respectively were compacted to obtain their 
various respective MDD and corresponding OMC (Table III and Fig 3). The shear strength of the 
unstabilised clay and that stabilized with RHA, fly ash, gypsum and periwinkle shell respectively were 
obtained by triaxial test and the results presented in table 1V and Fig 4 and 5. 
 
RESULTS AND ANALYSIS 
Table I and Fig 1 show that coefficient of unity (Cu) and coefficient of curvature (Cc) are 1.72 and 0.8mm 
respectively. They also show that the soil is a medium-coarse sandy clay classified as A – 6(11) soil. The 
plastic index of the soil stabilized with RHA, gypsum, FA and periwinkle shell powder are 5.3%, 1.2%, 
17.6% and 4.8% respectively (Table II). Table III  and Fig 3 shows that the MDD of the unstabilized clay at 
higher OMC of 12.1% was equal to that of gypsum stabilized clay at OMC of 8.5%. Fly ash stabilized clay 
compacted at OMC of 8.3% showed MDD equal to that of periwinkle shell stabilized clay at 13.8%. RHA 
stabilized clay had the lowest MDD but at high OMC of 13.1%. 
Table IV, Fig 4 and 5 shows the shear strength of the various mixes. FA stabilised clay gave the highest 
shear strength followed by gypsum stabilized clay. Clay stabilized with periwinkle shell powder did not 
improve shear strength. However it is expected that shear strength would improve if periwinkle shell were 
burnt to ash at a very high temperature to increase its silica content. The clay stabilized with RHA gave the 
least shear strength, below that of the unstabilzed clay but the strength will ultimately increase as it ages in 
the presence of a little proportion of cement [2],[19]. See Table IV and Fig IV and V 
 
RESULTS OF GRAIN SIZE DISTRIBUTION 

BS Sieve 
Size (mm) 

Mass 
Retained(g) 

% Mass 
Retained (g) 

Cumulative% Mass 
Retained(g) 

% finer 
Passing(g) 

2.360 0.83 0.1676 0.1676 99.8324 
2.000 0.28 0.0567 0.2243 99.7757 
1.180 28.30 5.7172 5.9415 94.7757 
0.850 37.30 7.5354 13.3355 86.5231 
0.300 286.40 57.8586 71.3355 28.6645 
0.212 97.90 19.7778 91.1133 8.8867 
0.150 24.60 4.9696 96.0829 3.9171 
0.075 16.90 3.4141 99.4970 0.5030 

Receiver 2.49 0.5030 100.000 0.0000 
 
Table I 
Total weight of samples used are 49.5 
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RESULTS OF LIQUID LIMIT AND PLASTIC LIMIT 

MOISTURE CONTENT FOR VARIOUS 
SOIL TYPE 

LIQUID LIMIT  
PLASTIC LIMIT 

 NUMBER OF BLOWS 
25 30 35 

CLAY SOIL ALONE 25.0 24.2 17.7 19.7 
CLAY AND GYPSUM 15.9 17.0 15.1 12.3 
CLAY AND FLY ASH 11.0 10.7 8.3 13.7 

CLAY AND RHA 23.1 23.0 15.0 17.8 
CLAY AND PERIWINKLE SHELL 13.6 12.5 8 8.71 

 
Table II 
 
RESULTS FOR OPTIMUM MOISTURE CONTENT AND MAXIMUM DRY DENSITY 

S/No  Soil and Admixtures MAX. Dry Density (g/cm3) OPTIMUM M.C.(%) 

1 Clay soil only  2.02 12.1 
2 Clay AND RHA. 1.80 13.2 
3 Clay AND fly ash 2.00 8.3 
4 Clay AND gypsum 2.02 8.5 
5 Clay AND Periwinkle shell 2.00 13.8 

 
Table III 
 
RESULTS OF SHEAR STRENGTH OF UNSTABILIZED AND STABILIZED CLAY 

S/N Soil Compressive 
stress ( n) 
KN/m2 

Shear 
strength( ) 
KN/m2 

Shear 
resistance( )  

( 0 ) 

Cohesion(C) 
KN/m2 

1 Unstabilised clay soil 450 217.3 21.5 40 
2 Clay and rice husk ash 440 197.8 22.0 20 
3 Clay and fly ash 480 273.7 23.0 70 

4 Clay and gypsum 490 248.1 21.0 60 
5 Clay and littorea littonia 460 217.8 20.0 50 

Table IV 
 
CONCLUSION 
It is seen from table XXIII and Fig 4 and 5 that maximum shear strength of the soil was achieved with fly 
ash stabilizer, followed by clay stabilized with gypsum. The periwinkle shell will increase the shear strength 
if burnt and mixed with little quantity of cement. The RHA decreased the shear strength of the soil but it is 
expected that as it ages the shear strength will tremendously increase when little lime or cement is added  
[19] [2]. The results from the compaction test showed that clay stabilized with fly ash can be compacted at 
the lowest OMC of 8.3% to obtain an MDD of 2.00g/cm3. The result further showed that gypsum and 
periwinkle shell when compacted can achieve an MDD and OPC of 2.02g/cm3, 8.5% and 2.00g/ cm3, 13.8% 
respectively. They all improved the engineering property of the soil. The least of all the materials was the 
RHA, the dry density of which droped to 1.80g/cm3 when compacted at OMC of 13.2%  
In view of the high cost of construction materials, occasional non-availability of cement, high humidity and 
water table of the Niger Delta basin of Nigeria and justifying from the experimental results obtained, the fly 
ash stabilizer is most appropriate to stabilize clay soil. The other reliable materials for clay soil stabilization 
are gypsum followed by periwinkle shell and RHA in that order. 
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FLOW CURVE FOR LIQUID LIMIT DETERMINATION
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Fig 2 

DRY DENSITY AGAINST MOISTURE CONTENT
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Fig 3 
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Fig 4 
SHEAR STRENGTH 

 
A               CLAY STABILIZED WITH FLY ASH (FA)         
B               CLAY ALONE    
C               CLAY STABILIZED WITH PERIWINKLE SHELL POWDER 
D               CLAY STABILIZED WITH RICE HUSK ASH (RHA) 
E                CLAY STABILIZED WITH GYPSUM 
 
FIG 5 
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