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Abstract 
The addition of lime to lateritic soils of Nigeria is meant to improve the 
strength and durability properties of soils so as to make them perform better 
as highway materials. One major strength parameter of any soil Sample for 
road works is the Maximum Dry Density (MDD) determination. 
Stabilization by lime, which is the addition of lime in percentages to the soil, 
generally improves the MDD value until an optimum is reached where any 
further addition results in MDD reduction. The determination of this optimum 
value is the focus of this paper. Three samples were stabilized with lime in 
2.6 and 10 percentages by weight of samples. During the laboratory 
procedures, the increase in maximum Dry Densities (MDD) of the samples 
was monitored. It was observed that the MDD of each sample increased until 
about 6 percent stabilizer level when they start to decrease. For example, in 
sample II the MDD increased from 1687 kg/m3 to 1710 kg/m3 when the 
stabilizer percentage increased from 2% to 6%, but when 10% was added, 
MDD reduced to 1615 kg/m3, this was the trend with all the other samples. 
For lime stabilization, the optimum amount of stabilizer, which gave a 
corresponding optimum strength, was at 6%. 

Introduction 
Stabilization is a process meant to improve the engineering properties of lateritic soils and lime 

is one of the common stabilizers. Soil stabilization has not gained significant acceptance for Road and 
Airfield construction in Africa and especially in Nigeria, hence the need to carefully study and guide 
road builders especially Ado-Ekiti environs into the optimum amount of lime stabilizer for lateritic soils 
and indirectly provoke acceptance, since it saves time, energy and cost. It is therefore very important to 
have a global view about the optimum stabilizer level by observing the situation in Ado-Ekiti environs. 

Study Objectives 

(a) To investigate the optimum amount of lime stabilizer as it affects the Maximum Dry Densities 

of lateritic soils. 

(b) To provide a useful guide to road builders, contractors and engineers. 

Definitions 
(a) Soil stabilization-Chemical or mechanical treatment designed to increase or maintain the 

stability of a mass of soil, or otherwise to improve its engineering properties. 

(b) Lime stabilization-The altering of soil properties by lime, which when mixed with the soil will 

often change the surface molecular properties of soil grains and in some cases, cement the 

grains together resulting in strength. 

(c) Lime-These are oxides and hydroxides of calcium and magnesium and includes all classes of 

quicklime and hydrated lime, both calcitic (high Calcium) and dolomitic e.g. CaO, Ca(OH)2 etc. 

Literature Review 

Nascimento, Pikk, Dams, and Nix (1959) have 

classification of lateritic soils in the following graduations. 

Lateritic clays - Less than 0.002 mm 

Lateritic silts - 0.002 - 0.06 mm 

Lateritic sands - 0.06-2 mm 

Lateritic gravels - 2 - 6 0  mm 

Lateritic stones - greater than 60 mm 
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Stabilization of lateritic soils has been successful with lime and has been used extensively 

(Millard, 1962). Also Clare and O’ Reilly, (1960) considered it effective. 

Lime generally will react with medium, moderately fine and fine grained soils to decrease the 

plasticity, increase workability, reduce swell and increase strength (Robnett and Thompson, 1969). Soil 

classified according to the Unified System as CH, CL, ML, SC, SM, AC, GM, SW-SC, SP-SC, GW-GC, 

CP-GC, OR GM-GC should be considered as potentially capable of being stabilized with lime. However, 

a more appropriate separation of soils for stabilization can be made utilizing Atterberg Limits and sieve 

analysis (Terrel, Epps, Barenberg, Mitchell and Thompson 1979). 

Lime is one of the oldest soil stabilizing agents known to man. The early Romans as well as 

other early civilizations used lime as a roadway stabilizer. 

These are oxides and hydroxides of calcium and magnesium, but not the carbonates. There are 

various types of lime commercially available. The use of quicklime for soil stabilization has increased 

during the past few years in the U.S. Studies by Thompson, (1967) and Nussbaum, Kantro and Helmuth 

(1975) have shown that high calcium limes are generally more effective for modifying soil plasticity. It 

can probably be concluded that either high-calcium or monohydrated dolomitic lime is in general 

satisfactory for use in soil stabilization. 

In most instances, considerations of local availability and cost are more significant than lime 

type in selecting a lime source, and this consideration at times may leads to the use of admixtures. 

Lime addition can initiate several reactions. Cation exchange and flocculation-agglomeration 

reaction takes place rapidly and produce immediate changes in soil plasticity, workability and the 

immediate uncured strength. Soil lime pozzolanic reaction can also occur to foam a cementing type 

materials. The solubility of silica and alumina are greatly increased at elevated pH levels (Keller, 1957). 

Lime carbonation is an undesirable reaction, which may occur in soil - lime to form a carbonate. 

More extensive and detailed background information on basis soil-lime reactions can be found in a paper 

written by Diamond and Kinter, (1965) and a comprehensive publication by Stocker, (1972). 

Soil-lime reactions are complex and not completely understood at this time. However, 

successful field experiences are available to provide the basis of an adequate technology for successfully 

utilizing soil-lime stabilization under a wide variety of conditions. 

Methodology 

Materials 

(a) Lateritic soil: 

i. Sample I: Fine clay from the burrow pit of Federal Polytechnic, Ado-Ekiti. CL, A-6 soil of 

specific gravity 2.57 and OMC of 13%. 

ii. Sample II: Brownish - red soil from Ilawe-Ado-Ekiti road S.C, A-6 soil of specific gravity of 

2.35 and OMC of 16%. 

iii. Sample III: Brownish - red soil from Akure-Ado-Ekiti road SM, A-2-6 soil of specific 

gravity of 2.46 and OMC of 11%. . 

(b) Lime: 
This was obtained as quicklime (CaO). 

Testing Procedures 

(a) Three different lateritic soil samples were obtained from deposits in Ado-Ekiti State, Nigeria 

named samples I, II and III. 

(b) The necessary physical properties of the samples were determined. 

(c) The samples were stabilized with lime in 2, 6 and 10 percentages by weight of the tested 

samples. 

(d) The Maximum Dry Densities values in kg/m3 were observed on the samples for the various 

percentages. 

(e) The results were compared and the optimum values noted and recorded. 

 



 

 

Discussion of Results 
It was observed that at 6-percentage amount of lime stabilization, the optimum MDD values 

were obtained and after this percentage there is a drop in MDD, which supports the work of Singh (1983) 

that the maximum stability in Dry Density corresponds to between 4-6 percent content by weight of dry 

soil. 

Conclusion and Recommendation Conclusion 

From this study it was found that there is an optimum amount of lime stabilization which gives a 

corresponding optimum strength which is 6 percentage in this case study. 

Recommendation 

It is recommended that the lime stabilizer should be applied at the optimum percentage for the 

maximum MDD to be obtained for the lateritic soils in Ado-Ekiti environs. 

References 

Clare, K.E. and O’ Relly, M.P. (1960), Road Construction Over Tropical Red Clays. London, 

Conf. On Civil Eng. Problems Overseas, Inst. Civil Eng. 243-256. 

Diamond, S. and Kinter, E.B. (1965), Mechanism of Soil-Lime Stabilization. New York, An 

Interpretative Review, Highway Research Record No. 92, HRB. 

Keller, W.D. (1957), The Principles of Chemical Weathering. Missouri: Lucas Brothers Publishers, 
Columbia. 

Millard, R.S. (1962), Road Building in The Tropics. London, Jour, Appl. Chem. Vol. 12. 342-357. 

 
Amu, O. O. and Faluyi, S. O. 

Nascimento, U.; Pikk, O.O.; Dams, J.A.; and Nix, B.J (1959), as Leterities do Ulteramar Portuguse. 

Lisbon, Laboratorio Nacional de Engen haria Civil, Lisbon Menoria No. 141. 

Nussbaum, P.J.; Kantro, D.L.; and R.A. Helmuth, (1975), The Role of Magnesium Oxide in Lime 

Stabilization. New York, Report DOT - FH - 11 - 8129, U.S. Dept, of Transportation, Federal 

Determination of the Optimum Lime Percentage for Maximum Dry Density of Ado-Ekiti Lateritic Soil 
Laboratory Results and Analysis 
Table 1: The Results of the Physical Properties of Sam Pies 

Properties Sample 1 Sample II Sample III 

Colour Yellowish Brown Brownish Red Brownish Red 

G 2.57 2.35 2.46 
OMC % 13 16 11 
LL % 39 40 39 

PL % 22 27 24 

PI % 17 13 15 

% Passing #200 B.S. Sieve 58.4 47.4 33.2 
GI 8 4 1 

Total Org. Cont. % 48.22 48.40 41.01 

USCS CL SC SM 
AASHTO A-6 A-6 A-2-6 

Table 1 above gives the results of the physical properties of the samples named sample I, II, III and 

were therefore classified under USCS as CL, SC, and SM soils respectively. 
 

Table 2: The Results 
o: 

the Maximum Day Density (MDD) 

% Stabilizer Sample I Sample II Sample III 
  

MDD kg/m3 MDD kg/m3 MDD kg/m3 

2 Lime 1675 1687 1640 

6 Lime 1700 1710 1790 

10 Lime 1567 1615 1780 

Table 2 gives the results of stabilization on the samples. The percentages used are 2, 6 and 10. The 

resulting MDD values are as shown. 
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