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Abstract: This paper studied the suitability and lime stabilization requirement of some 
selected lateritic soil samples as pavement construction materials. Soil samples A, B, 
and C collected from a dam site and stabilized with 0, 2, 4, 6, 8, and 10% of lime were 
subjected to preliminary tests (natural moisture content, specific gravity, particle size 
analysis and Atterberg’s limits) and strength tests (compaction, California bearing 
ratio (CBR), unconfined compression and undrained triaxial). Results of the 
preliminary tests classified the samples as fair to poor pavement construction materials. 
The suitability of samples A, B and C was improved by optimum lime stabilization at 8, 
6, and 6% respectively. The addition of lime to the samples caused a reduction in the 
plasticity indices of the samples. The CBR of A increased from 10.6% at 0% to 29.0% at 
8% lime, while that of C improved from 2.5% to 8.6% at 6% lime. The compressive and 
shear strengths were also improved; the uncured compressive strength of B improved 
from 119.13 kN/m2 at 0% to 462.81 kN/m2 at 6% lime. With optimum stabilization, 
samples A and B will be suitable as base materials while sample C will perform well as 
sub-grade material in pavement construction. 

Keywords: lime stabilization, material upgrade, road construction 

 

1. Introduction: 

Developments in the country have awakened the sense of economical resource 
management in the populace. People are being inspired to go back and take a closer look at 
the resources which they have earlier condemned, so as to find ways through which they 
could put such materials into use again. This is mainly because there is an increased 
competition for available materials as multiple uses of such resources are being discovered, 
and the cost of acquiring these suitable materials increases alongside. Major steps have thus 
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being taken to make research into putting abandoned materials into full use again. Moreover, 
various studies are being carried out to discover better ways of achieving this goal, ways that 
will cost less and would be more economical when compared to using materials that naturally 
meet requirement standards. 

In the road construction industry, there is much need for soil material in the construction of 
pavements. When a section of the road is to be filled with soil, the material is either obtained 
from other cut sections along the road or from a borrow site where the suitable material is 
present, if the material from the road does not meet the required standards. A major cost that 
would be incurred by “borrowing” soil material is that involved in hauling the material from 
the borrow site to the construction site. This cost, in terms of finance, resources, and time, 
could however be avoided by simply improving the characteristics of the road material that 
was earlier rejected.  

The argument above therefore forms the basis for this study. Lateritic soil present at 
Owena village along Ile-Ife – Ogudu road had been found suitable for the construction of a 
dam. This study is proposed to conduct tests to determine if this same soil will be suitable for 
road works, if its properties can be varied by lime stabilization. 

A noteworthy step is being taken by this study to achieve economic use of construction 
materials by attempting to prevent the wastage of soil material through the improvement of its 
properties to meet the requirements for another form of construction apart from its intended 
use. The aim of the proposed study is to examine if soil materials for dam construction could 
be found suitable for pavement construction after lime treatment.  

Laterites and Lateritic Soils 

Laterite is a group of highly weathered soils formed by the concentration of hydrated 
oxides of iron and aluminium (Thagesen, 1996).The soil name "laterite" was coined by 
Buchanan in 1807 in India, from a Latin word "later" meaning brick. This first reference is 
from India, where this soft, moist soil was cut into blocks of brick size and then dried in the 
sun. The blocks became irreversibly hard by drying and were used as building bricks. Soils 
under this classification are characterized by forming hard, impenetrable and often 
irreversible pans when dried (Makasa, 2004). Laterites and lateritic soils form a group 
comprising a wide variety of red, brown, and yellow, fine-grained residual soils of light 
texture as well as nodular gravels and cemented soils (Lambe and Whitman, 1979). They are 
characterized by the presence of iron and aluminum oxides or hydroxides, particularly those 
of iron, which give the colors to the soils. However, there is a pronounced tendency to call all 
red tropical soils laterite and this has caused a lot of confusion. 

The term laterite may be correctly applied to clays, sands, and gravels in various 
combinations while “lateritic soils” refers to materials with lower concentrations of oxides. 
Bridges (1970) states that the correct usage of the term laterite is for “a massive vesicular or 
concretionary ironstone formation nearly always associated with uplifted peneplains 
originally associated with areas of low relief and high groundwater”.  

Fookes (1997) named laterites based on hardening, such as "ferric" for iron-rich cemented 
crusts, "alcrete" or bauxite for aluminium-rich cemented crusts, "calcrete" for calcium 
carbonate-rich crusts, and "silcrete" for silica rich cemented crusts . Other definitions have 
been based on the ratios of silica (SiO2) to sesquioxides (Fe2O3 + Al2O3). In laterites the 
ratios are less than 1.33. Those between 1.33 and 2.0 are indicative of laterite soils, and those 
greater than 2.0 are indicative of non-lateritic soils (Bell, 1993).  
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Most laterites are encountered in an already hardened state. When the laterite is exposed to 
air or dried out by lowering the groundwater table, irreversible hardening occurs, producing a 
material suitable for use as a building or road stone. The lateritic soils behave more like fine-
grained sands, gravels, and soft rocks. The laterite typically has a porous or vesicular 
appearance which may be self-hardening when exposed to drying; or if they are not self-
hardening, they may contain appreciable amounts of hardened laterite rock or laterite gravel. 

The behaviour of laterite soils in pavement structure has been found to depend mainly on 
their particle-size characteristics, the nature and strength of the gravel particles, the degree to 
which the soils have been compacted, as well as the traffic and environmental conditions 
(Gidigasu, 1976). Well-graded laterite gravels perform satisfactorily as unbound road 
foundations. However, their tendency to be gap-graded with depleted sand-fraction, to contain 
a variable quantity of fines, and to have coarse particles of variable strength which may break 
down, limits their usefulness as pavement materials on roads with heavy traffic (Thagesen, 
1996). Laterite gravels that possess adequate strength, are not over compacted, and are 
provided with adequate drainage do perform well in pavement structures. 

Weakly indurated gravels generally have a tendency to break down during compaction and 
under repeated traffic loading. The situation may be worsened by the presence of water due 
both to its softening effect on the soil and to the strength reduction it causes. The laterized 
soils work well in pavement construction particularly when their special characteristics are 
carefully recognized. The laterites, because of their structural strength, can be very suitable 
sub-grades. Care should be taken to provide drainage and also to avoid particle break-down 
from over compaction. Subsurface investigation should be made with holes at relatively close 
spacing, since the deposits tend to be erratic in location and thickness. In the case of the 
lateritic soils, sub grade compaction is important because the leaching action associated with 
their formation tends to leave behind a loose structure. Drainage characteristics, however, are 
reduced when these soils are disturbed. The harder types of laterite should make good base 
courses. Some are even suitable for good quality airfield pavements. The softer laterites and 
the better lateritic soils should serve adequately for sub base layers. Although laterites are 
resistant to the effects of moisture, there is a need for good drainage to prevent softening and 
breakdown of the structure under repeated loadings.  

Laterite can provide a suitable low-grade wearing course when it can be compacted to give 
a dense, mechanically stable material for earth roads; however, it tends to corrugate under 
road traffic and becomes dusty during dry weather. In wet weather, it scours and tends to clog 
the drainage system. To prevent corrugating, this is associated with loss of fines, a surface 
dressing maybe used.  
 

Soil Stabilization  

Thagesen (1996) defines stabilization as any process by which a soil material is improved 
and made more stable. Garber and Hoel (2000) describe soil stabilization as the treatment of 
natural soil to improve its engineering properties. In general, soil stabilization is the process 
of creating or improving certain desired properties in a soil material so as to render it stable 
and useful for a specific purpose.  Since the inception of this process of stabilization, most 
soil materials which have been thought not useful have found application in many areas of 
engineering. McNally (1998) states that the improvements in engineering properties caused 
by stabilization can include the following: increases in soil strength (shearing resistance), 
stiffness (resistance to deformation) and durability (wear resistance), reductions in swelling 
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potential or dispersivity (tendency to deflocculate) of wet clay soils and other desirable 
characteristics, such as dust proofing and water proofing unsealed roads.     

Stabilization of soil is employed when it is more economical to overcome a deficiency in a 
readily available material than to bring in one that fully complies with the requirements of 
specification for the soil (Ola, 1975).  It has been regarded as a last resort for upgrading 
substandard materials where no economic alternative is available.  A continual reference to 
economy here denotes a careful consideration of all costs that would be incurred by 
importation (not readily available) of a compliant soil and comparing this to the cost of 
improving the properties of an unstable but readily available soil.  Interest in the art of soil 
stabilization grew with a better appreciation of the cyclic loading effects of heavy traffic 
which creates a need for stronger pavements that often cannot be provided by realistic 
thickness of unbound granular materials, and the availability of purpose built - in - situ 
stabilization equipment that improves homogeneity of mix. Although road construction has 
been the major area of application of soil stabilization techniques, they have also been applied 
in soil foundation strengthening, although to a limited extent.   
The principal additives employed for soil stabilization are: 

• gravel, crushed  aggregate, grit and loan  
•  Portland cement and cement - slag blends  
•  Lime (quick - lime, hydrated lime) and gypsum  
• Lime - pozzolan (lime plus fly ash or ground slag) mixtures  
• Asphalt.  
The first group of additives encompasses a category of stabilization referred to as 

mechanical or granular stabilization while the other additives which are mainly chemical 
compounds form the second category of stabilization known as chemical stabilization. 
Chemical stabilization involves the blending of natural soils with chemical agents such as 
Portland cement, lime and asphalt. These agents generally are potential binders and as such 
effectively bind together the soil aggregates to achieve properties binders and as such as 
improved load - carrying and stress - distributing characteristics, and the control of shrinkage 
and swell.  Garber and Hoel (2000) describes some terms commonly applied in chemical 
stabilization of soil especially with Portland cement, lime and asphalt.  

All agents for stabilization have particular soil material to which when they are applied 
would produce the required properties.  McNally (1998) opines that the selection of an 
appropriate stabilizing agent and construction procedures involves a number of 
considerations. Table 1 gives a summary of the mechanisms and applicability of various 
stabilizing agents and Figure 1 illustrates their suitability with respect to the predominant soil 
particle size and plasticity.   
Table 1:   Mechanisms and applicability of various stabilizing agents  

    (source: Thagesen, 1996) 
 

Mechanism  Effects  Suitable Soils  

Granular  

Blending to poorly graded 

soils, usually coarse into 

fine (not clayey) soils  

 

Higher compacted density, 

more uniform mixing, 

increased shear strength   

 

Gap-graded or gravel-

deficient (gravel, sand 

addition), or harsh FCRa 

(loam addition)  
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Cement  

Mixing small amounts 

(cement modification) or 

larger proportions (cement 

binding) into soil or FCRa    

 

Improve shear strength, 

reduces moisture 

sensitivity (modification), 

greatly increases tensile 

strength and stiffness 

(binding)    

 

Most soils, especially 

granular ones, large 

amounts of cement needed 

in clay-rich and poorly 

graded sands, hence 

expensive. 

Lime 

Mixing hydrated lime or 

quick lime in small to 

moderate amounts into 

soils  

 

Increases bearing capacity, 

dries wet soil, improves 

friability, reduces 

shrinkage.  

 

Cohesive soils, especially 

wet, high – PI clays.  

Lime Pozzolan 

Mixing lime plus fly ash or 

granulated slay into soil or 

FCRa 

 

Similar to cement but 

slower acting and less 

ultimate strength  

 

As for cement, plus clayey 

soils that do not react with 

lime. 

Bitumen 

Agglomeration, coating 

and binding of granular 

particles   

 

Water proofs, imparts 

cohesion and stiffness   

 

Granular, non-cohesive 

soils in hot climates.    

   aFCR = Fine crushed rock road base. 

 

 
Stabilization and Pavement Renovation 

  FINE-GRAINED MATERIALS        COARSE-GRAINED MATERIALS 

  More than 25% passing 75mµ     Less than 25% 75mµ  

Plasticity  
Index   >20     10 – 20  <10 >10 6 – 10  <6 

Granular                         less suitable  most suitable  
stabilization       
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Cement   

Lime-fly ash  

Lime  

Bituminous  

 

Fig. 1: Methods of stabilization in relation to their suitability for soils of different grain size 
and plasticity   (source: McNally, 1998) 

 
It is shown from the table that cement and bitumen are best suited for granular and non - 

plastic soils, while lime performs better in cohesive ones.  Granular stabilization is much 
more feasible where coarse material is being added to fine one.  The figure also shows that 
lime is preferred for clay-to-coarse silt-sized soils. The effects of soil mineralogy on its 
response to stabilization are shown on Table 2.   

Table 2: Effects of soil mineralogy on stabilization response (source: McNally, 1998) 
 

Mineral  Recommended stabilizer Remark  
Crushed gravels and FCR Sandy or silty loam, crushed 

shale (must be dry) 

Improves grading, 

workability, increase 

compacted density  

Quartz sands  As above  Improves grading, increase 

density and imparts 

plasticity  

 Cement  For density, shear strength 

impermeability  

 Bitumen, bitumen emulsion  For cohesion, water-

proofing  

Carbonate SANDS  Lime  Lowers PI, increases shear 

strength  

Kaolinite, illite Lime  For drying, friability and 

later strength  

 Cement  For early strength, 

especially if lime previously 

applied  

Montmorillorite and mixed-

layer clays  

Lime For drying, friability and PI 

reduction  

Dispersive (sodic) clays Lime, gypsum   To resist deflocculation and 

internal erosion 



 

 Int. J. Pure Appl. Sci. Technol., 2(1) (2011), 29-46.  

 

 

35 

Allophane  Lime-gypsum mixes For strength  

Halloysite  Drying  Causes irreversible 

granulation and shrinkage  

Volcanic ash  Lime Promotes pozzolanic setting  
 

Lime Stabilization 

Lime stabilization is one of the oldest process of improving the engineering properties of 
soils and can be used for stabilizing both base and sub base materials (Garber and Hoel, 
2000). The addition of lime to reactive fine-grained soils has beneficial effects on their 
engineering properties, including reduction in plasticity and swells potential, improved 
workability, increased strength and stiffness, and enhanced durability. In addition, lime has 
been used to improve the strength and stiffness properties of unbound base and sub base 
materials. Lime can be used to treat soils to varying degrees, depending upon the objective. 
The least amount of treatment is used to dry and temporarily modify soils. Such treatment 
produces a working platform for construction or temporary roads. A greater degree of 
treatment--supported by testing, design, and proper construction techniques--produces 
permanent structural stabilization of soils. 

Generally, the oxides and hydroxides of calcium and magnesium are considered as ‘lime’, 
but the materials commonly used for lime stabilization are calcium hydroxide (Ca(OH)2) and 
dolomite (Ca(OH)2 + MgO) (Garber and Hoel, 2000). Calcium hydroxide (hydrated lime) is a 
fine, dry powder formed by ‘slaking’ quicklime (calcium oxide, CaO) with water; quicklime 
is produced by heating natural limestone (calcium carbonate, Ca(CO)3) in a kiln until carbon 
dioxide is driven out (Thagesen, 1996). Quicklime is also an effective stabilizer used but not 
usually used for stabilization because it is caustic hence dangerous to handle, susceptible to 
moisture uptake in storage, and gives off much heat during hydration (McNally, 1998). 
Dolomite used as stabilizing agent contains not more than 36 % by weight of magnesium 
oxide (MgO).  

The percentage of lime used for any project depends on the type of soil being stabilized. 
The determination of the quantity of lime is usually based on an analysis of the effect that 
different lime percentages have on the reduction of plasticity and the increase in strength of 
the soil. However, most fine-grained soil can be effectively stabilized with 3%-10% of lime, 
based on the dry weight of the soil. Lime is used extensively to change the engineering 
properties of fine-grained soils and the fine-grained fractions of more granular soils. It is most 
effective in treating plastic clays capable of holding large amounts of water. The particles of 
such clays have highly negative-charged surfaces that attract free cations (i.e., positive-
charged ions) and water dipoles. The addition of lime to a fine-grained soil in the presence of 
water initiates several reactions. The two primary reactions, cation exchange and flocculation-
agglomeration, take place rapidly and produce immediate improvements in soil plasticity, 
workability, uncured strength, and load-deformation properties. 

The effects of lime treatment or stabilization on pertinent soil properties can be classified 
as immediate and long-term. Immediate modification effects are achieved without curing and 
are of interest primarily during the construction stage. They are attributed to the cation 
exchange and flocculation–agglomeration reactions that take place when lime is mixed with 
the soil. Long-term stabilization effects take place during and after curing, and are important 
from a strength and durability standpoint. While these effects are generated to an extent by 
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cation exchange and flocculation–agglomeration, they are primarily the result of pozzolanic 
strength gain (Mallela et al, 2004). 

2. Materials and Methods: 

The materials used for this study are: lateritic soil samples, lime and water. The lateritic 
soil samples used for this research were obtained from Owena village along Ile-Ife, Ogudu 
road, Osun State. Three samples of lateritic soil were obtained from three different locations 
and the samples were labeled A-C. The soil samples were taken at depths of 2m from the 
ground surface. This was facilitated by the construction work going on at the point of 
collection which exposed the soil strata. The hydrated lime used as the stabilizing agent was 
procured in a 25kg bag from a reputable chemical store and stored in a cool and dry place 
away from weather effects. Potable water treated in the laboratory was used for the test 
carried out during this study. 

 
 

Sample Pre-treatment 
The lateritic samples were pulverized using mortar and pestle to remove the impurities and 

large particles and then air-dried at room temperature for about two weeks to ensure that the 
samples were well dried. The hydrated lime was protected in the bag to keep it away from 
contact with moisture and other external influences that could affect its property. 

Test Procedure 
Each of the three lateritic soil were subjected to preliminary tests which are the natural 

moisture contents determination, specific gravity test, particle size analysis and the 
Atterberg’s limits tests. They were carried out to BS 1377 specifications. The following 
strength tests were performed: compaction test to obtain the maximum dry density (MDD) 
and the optimum moisture contents (OMC) of the soil, California bearing ratio (CBR) test to 
determine the maximum penetration load that the samples could withstand before 
deformation, both for the unsoaked and soaked conditions, unconfined compression test for 
both uncured and cured samples and the undrained triaxial test to determine the shear strength 
of the samples. The tests were performed varying the lime percentages from 0 to 10%. 

3. Results and Discussion: 

The results of the preliminary tests (grain size analysis, natural moisture contents, specific 
gravity, and Atterberg’s limits test) as well as the engineering tests (compaction, California 
bearing ratio, unconfined compression and triaxial tests) are hereby discussed. 

 
 

Preliminary Test 
The summary of preliminary test results is shown on Table 3. The natural moisture 

contents of samples A, B and C are 22.19, 22.63 and 12.30% respectively and the specific 
gravities are 2.95, 2.36, and 2.85 for samples A, B and C respectively. These values fall 
within the range for a clayey soil which is between 2.0 and 3.0, with sample A being the most 
expansive. Samples A and B are montmorillonitic in nature while C is a vermiculite. 
Generally in all the samples, about 70% of the soils are clay sized particles which further 
confirmed the results of the specific gravity test. Moreover, more than 35% of the samples 
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also pass the No 200 sieve as shown in Table 4, which implies that the soils fall within the 
range of A4 to A7 according to AASHTO classification system, that is, they are fair to poor 
soils. 

In Figures 2-4, it is shown that the LL of the soils A, B and C are 53%, 59.7% and 49.5% 
respectively and also PI of 32.49, 27.57 and 23.90% respectively. The addition of lime to 
sample A produced a corresponding increase in the LL and PL of the soil, thus causing a 
decrease in the PI. Sample B reacted differently by a decrease in its LL and an increase in its 
PL causing a high decrease in its PI. Thus the addition of lime to samples A and B caused a 
decrease in their swell potentials. The reduction in the swell potential is as a result of the 
cation exchange which occurs when Ca2+ ions from the lime replace weaker cations in the 
soil, thereby causing a better sealing of the voids by the agglomeration of the particles. This is 
has a positive effect on the soils strength properties. 

 
 
 
Table 3: Summary of preliminary test results 
 
 

Sample 

 

Natural 

Moisture 

Content (%) 

Specific 

Gravity 

Atterberg’s Limits 

 

LL (%)             PL (%)              PI (%) 

 

A 

 

22.2 

 

2.95 

 

  53.0                 20.5                   32.5 

 

B 

 

22.6 

 

2.36 

 

  59.7                 32.1                   27.6 

 

C 

 

12.3 

 

2.85 

 

  40.5                 16.6                   23.9 

 
 
 
Table 4: Summary of particle size analysis of the soil samples 
 

 

 

 

 

Sieve Size (mm) 

 

Percentage Passing Sieve (%) 
 

  Sample A                       Sample B                      Sample C 
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4.75 

 

 

2.36 

 

 

1.18 

 

 

0.85 

 

 

0.425 

 

 

0.212 

 

 

0.150 

 

 

0.075 

 

       99                                   94                                   86 

 

 

       98                                   93                                   84 

 

 

       93                                   89                                   81 

 

 

       91                                   87                                   80 

 

 

       89                                   86                                   80 

 

 

       83                                   79                                   76 

 

 

       82                                   78                                   73 

 

 

       79                                   77                                   67 
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Fig. 2: Variation of PI with lime content for sample A 
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Fig. 3: Variation of PI with lime content for sample B 

 

 

 

 

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10

Lime Content (%)

P
la

st
ic

it
y 

In
d

ex
 (

%
)

 
 

Fig. 4: Variation of PI with lime content for sample C 
 

However, in sample C, despite the increase in the LL and PL of the soil upon the addition of 
lime to the soil, its PI increased. This is quite a reverse effect of lime on sample C as opposed 
to its effect on samples A and B. The reasonable explanation for this is that sample C, being 
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highly plastic at 0% lime addition, required more water, even with the increasing lime 
percentage which caused it to swell thereby increasing its LL. This is further explained by 
Figure 5. The soil samples were classified using the unified classification system (UCS) and 
the AASHTO classification system.  
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Fig. 5: Variation of liquid limit with lime content for the three soil samples 
 
 
Based on the results of the particle size analysis and the Atterberg’s limits, sample A is 
organic clay, sample B is an inorganic clay of high plasticity while sample C falls in the 
range of inorganic clays of medium plasticity. According to the AASHTO classification 
system, all the three soil samples fall under the clay soil range and in the A-7 group that has a 
minimum LL of 41% and a minimum PI of 11%. Thus, they are generally rated as poor 
materials for sub grade. 

Engineering Test 
A summary of the compaction test results is shown on Table 5. The OMC of all the soil 

samples increased with increase in lime content.  

 
Table 5: Summary of compaction test results 
 

 Lime content OMC (%) MDD (kg/m3) 

A                  0% 22.0 1600 
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                     2% 23.2 1625 

                     4% 24.0 1645 

                      6% 25.8 1678 

                     8% 26.2 1702 

                    10%   27.5 1655 

B                  0% 21.7 1590 

                     2% 22.6 1597 

                     4% 23.0 1605 

                     6% 24.4 1612 

                     8% 25.1 1598 

                     10% 26.2 1579 

C                   0% 18.4 1710 

                      2% 19.2 1721 

                      4% 20.1 1747 

                      6% 21.6 1785 

                      8% 22.4 1743 

                      10% 23.2 1673 

 

This can be linked to the additional water needed to enable the pozzolanic soil-lime 
reactions necessary for the stabilization process. MDD increased as the percentages of lime 
increased to an optimum value after which it falls. This maximum value represents the 
optimum percentage of lime required for stabilization.  

The increase in the MDD was as a result of the increasing lime particles that were ready to 
perform the exchange of cations with the soil particles, thus filling up the voids spaces and 
densely packing the soil particles together. However, the drop in density resulted from the 
excess water and lime remaining after the increasing quantity has been used up for the 
stabilization process. For sample A, the OMC increased from 22% at 0% lime to 26.2% at 8% 
lime content with a corresponding increase in MDD from 1600 to 1702kg/m3 and dropping to 
1655kg/m3 at 10% lime content. The OMC and MDD of sample B increased from 21.7% and 
1590kg/m3 to 24.4% and 1612kg/m3 at 0 and 6% respectively, while that of C also increased 
from 18.4% and 1710kg/m3 to 21.6% and 1785kg/m3 at 0 and 6% respectively after which 
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their MDD dropped on further addition of lime. It can thus be stated that these are the 
optimum percentages of lime for the three soil samples. 

Table 6 shows a summary of the CBR test results. From the table, both the soaked and 
unsoaked CBR values for all the samples increased with an increase in lime but dropped after 
the optimum lime content was reached. This further corroborates the results obtained in the 
compaction test. The figures show that the CBR values of the unsoaked condition of the 
stabilized soils reduced after soaking as a result of the absorption of water which weakened 
the soil. Also, the difference between the unsoaked and soaked CBR values can be associated 
with the PI of the stabilized soils at the respective lime contents which determines their swell 
potential; the higher the PI, the higher the difference between the unsoaked and soaked 
values. 

The unsoaked and soaked CBR value of sample A increased from 10.56% and 4.2% to 
29% and 28% at 0 and 8% lime contents respectively.  

 
Table 6: Summary of CBR test results 

 

 

Lime content 

CBR (%) 
 

Unsoaked                   Soaked 

A                               0% 10.6                              4.2 

2% 20.3                            18.3 

4% 21.4                             19.3 

6% 21.6                            19.4 

8% 29.0                         28.0 

10% 23.4                            21.1 

B                               0% 12.3                              4.3 

2% 16.3                             14.7 

4% 22.4                             20.2 

6% 25.8                             24.9 

8% 18.7                             16.8 

10% 17.1                             15.4 

C                              0% 2.5                              0.94 

2% 4.9                               4.4 

4% 8.6                               7.7 
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6% 8.6                               8.2 

8% 6.6                               5.8 

10% 5.9                               5.3 

 

Also for sample B, the unsoaked and soaked CBR values increased from 12.25% and 
4.25% to 25.8% and 24.9% at 0 and 6% lime contents respectively and for sample C, the 
unsoaked and soaked CBR values increased from 2.46% and 0.94% to 8.6% and 8.19% at 0 
and 6% lime contents respectively. 

It can thus be observed that in their unstabilized state, the difference between the unsoaked 
and soaked CBR values of the soils is quite large compared to the values in their lime 
stabilized conditions. This is mainly because in their natural states, water could still percolate 
into the interstitial spaces of the soil thereby weakening them. However, this is reduced in 
their optimum-lime stabilized states as the lime has effectively bonded the soil particles to 
form a closely packed mass that resists the ingress of water. It can also be noticed that the 
CBR value of sample C is extremely low compared to those of samples A and B. This can 
explain its unstable behaviour in the liquid limit test.  

Table 7 shows a summary of the results obtained from unconfined compression tests. From 
the table it can be observed that generally, the cured and uncured strengths of the soil 
increased with increase in lime contents to a maximum at the optimum lime content. At 
optimum lime content, sample A had uncured and cured strengths of 823.94KN/m2 and 
2444.16KN/m2 respectively while those of sample B are 462.81KN/m2 and 2201.40% 
respectively. At 6% optimum lime content, sample C had uncured and cured strengths of 
408.87KN/m2 and 1579.16KN/m2 respectively. The compressive strength values of the cured 
stabilized samples, when compared with those of the uncured samples, shows that the lime 
stabilized samples gained strength over time.  

 

Table 7: Summary of unconfined compression test results 
 

  

                    Lime content 

           Compressive Strength (KN/m2) 
 

            Uncured                    Cured 

A                           0%                187.39                      1453.28 

             2%                310.19                      1432.25 

              4%                359.85             1787.53 

              6%                531.70                      2116.29 

              8%                823.94             2444.16 

              10%                469.00                      1623.33 
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B                           0%                119.13                       649.06 

             2%                361.37                      1309.98 

            4%                375.28                      1853.51 

            6%                462.81                      2201.40 

            8%                270.15                      1774.09 

            10%                213.59                      1436.08 

C                          0%                111.18                      1222.70 

           2%                286.13                      1232.27 

           4%                445.28                      1459.63 

           6%                408.87                      1579.16 

          8%                392.81                      1450.74 

         10%                288.78                      1073.58 

 

 
This is because the moisture which was lubricating the contact areas of the stabilized soil had 
been released by the curing, thus increasing the friction between the particles. Therefore, a 
higher load is required to deform the cured samples. 

The type of triaxial test conducted on the soil samples was the unconsolidated undrained 
test, and this was carried out on the various percentages of lime for the soil samples. Table 8 
shows a summary of the test results. All the stabilized soil samples were subjected to 
confining pressures of 20, 40 and 80KN/m2 and the deviator stresses obtained at the collapse 
load and the deformed surface area of the samples at the point of failure. The Mohr’s 
diagrams were drawn at each optimum lime content for each of the soil samples to obtain the 
values of the soil’s cohesion C and angle of friction Φ. During the test it was observed that a 
yielding point was reached at which a slip surface was formed in the soil sample, and over 
which any form of failure movement could take place. The shear strength of the sample is the 
highest shear stress that the sample can handle just before it reaches this yield point. From the 
summary given in Table 8, these values are 391kN/m2 for sample A at 8% optimum lime 
content,  273.5kN/m2 for sample B at 6% optimum lime content, and 228.1kN/m2 for sample 
C at 6% optimum lime content. These are quite high values which show that the shear 
strength of the soils is greatly improved by lime stabilization. It can be observed that as the 
cohesion of the samples increased from their natural to lime stabilized states, there was a 
corresponding decrease in the angle of internal friction except for sample C. 
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Table 8: Summary of the triaxial test results 
 

                   Lime     

                Content                            

Deviator Stress                Cohesion 

         σ-
3
                                                   C 

       (kN/m2)                     (kN/m2) 

Angle of 

internal 

friction(φ0) 

Shear Stress 

τ 

(kN/m2) 

A                  0% 

 

 

                     8% 

       253.2                              58                  

 

 

       561.4                             187        

28 

 

 

20 

 

192.6 

 

 

391.0 

 

B                  0%    

 

 

                     6%         

       171.5                              50 

 

 

       427.2                             151   

18 

 

 

16 

105.7 

 

 

273.5 

 

C                  0% 

 

 

                     6% 

       108.4                              29 

 

 

       314.0                              75  

15 

 

 

26 

58.2 

 

 

228.1 
 

 
4. Conclusions: 

The optimum lime contents for samples A, B and C are 8, 6 and 6% respectively. In their 
natural states, samples A and B will be suitable for sub-grades and fairly for sub-bases and 
unsuitable for base courses while sample C is unsuitable for any of these. However, samples 
A and B can be made suitable as base course material in pavement construction if stabilized 
with lime at optimum lime contents of 8 and 6% respectively. 
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