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Abstract
In this study, the effects of lime and cement stabilization in varying percentages were 
applied on Ogbunike lateritic soil collected from Ogbunike pits in Anambra state, Nigeria. 
Soil samples were collected at depth of 2 meters using calibrated hand auger and were 
taken to Geotechnical Laboratory, University of Benin for classification and 
characterization. 5kg of the soil samples were measured for each of the study while lime 
and cement were added in varying percentages (3% - 18%). The control had 0% 
stabilization while the study lasted for 7days duration. Some engineering properties of the 
sol which were evaluated before and after the study includes; plasticity index(PI), 
California Bearing Ratio (CBR) and Maximum Dry Density (MDD). Results obtained 
were further analysed using selected statistical tools as goodness of fit statistics for the 
fifth polynomial mathematical model validation, one-way analysis of variance and 
coefficient of variability (Cv). The high correlation of 0.9932, adjusted R-squared value of 
95.91% coupled with low root mean square error value of 1.678 observed in CBR cement 
stabilization, confirms the applicability of the statistical models in stabilization approach. 
Similar results were obtained in MDD and PI using cement and lime. The Cv results 
indicates that cement is a better stabilizing material than lime due to the low Cv as 
reflected in the parameters tested. The study concludes that cement and lime can be used 
in stabilizing Ogbunike soil either as a single stabilization agent or combined.
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1. Introduction
The failure of roads and the settlement of 
buildings have necessitated for researches 
which reveal that most of the lateritic soils used 
do not meet the specified requirements by 
standards for sub-base and base materials used 
in road construction and also that durability 
conditions are not met.  So many materials like 
bitumen, cocoa pod, basic ash, quarry dust 
have been added to lateritic soils to improve 

their geotechnical properties based on their 
availability and cost. Due to the cost of these 
materials and their non-availability, efforts 
have been made to discover new materials. 
That materials will be used as good stabilizing 
agents on lateritic soils, which will have 
positive impact on the geotechnical properties 
of the soil (Bell, 1996).
 Ola (1978) used local terminology in 
his definition, he defined lateritic soils as all 
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products of tropical weathering with reddish-
brown colour with or without nodules or 
concretion and not exclusively found below 
hardened ferruginous crust of hardpan. Other 
definitions have been based on the ratios of 
silica (SiO ) to sesquioxides (Fe O , Al O ). In 2 2 3 2 3

laterites, the ratios are less than 1.33. those 
between 1.33 and 2.0 are indicative of lateritic 
soils and those greater than 2.0 are indicative of 
non-lateritic soils (Bell, 1993). Literature 
review have indicated that laterites are 
characteristically reddish brown or yellow in 
colour. They exist in the form of a stiff to hard 
crust 6m or more thick overlying rather softer 
clayey materials followed by the parent rock. 
Tomilson (1986) showed that laterites have a 
high bearing capacity and low compressibility 
and that they do not present any difficulty in 
foundation engineering problems. However, 
laterites have deficiencies that result in one or 
more problems (Gidagasu, 1976). According to 
Ola (1975), factors that affect the behaviour of 
any lateritic soil mass include mineralogical 
and chemical composition, size and shape of 
the particles. Some problems that could be 
associated with laterite irrespective of 
locations and modes of formation are shear 
failure, easy settlement, susceptibility, poor 
permeability and crushing abrasion (Vazirani, 
1978; Tomilson, 1986).
 Soil stabilization is the process of 
improving the engineering properties like 
strength, bearing capacity and durability under 
adverse moisture and stress conditions of a soil 
(Eisazadeh et al, 2010) This process could be 
mechanical whereby the soil sample is 
compacted to a high density so that a particular 
particle size completely fills the voids of the 
next larger size (Gidigasu, 1976). Compaction 
is the process by which a mass of soil 
consisting of solid soil particles, air and water 
is reduced in volume by the momentary 
application of loads (Amu et al, 2010; Makasa, 
1998)
 Soil stabilization has been described as 
a treatment of natural soil to improve its 

engineering properties and making it more 
stable (Tremblay et al, 2002; Holts et al, 1981). 
Ndegwa (2011) states that improvements in 
engineering properties caused by stabilization 
can include the following; increases in soil 
strength, resistance to deform potentially 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 economical 
alternative is available. Although road 
construction has been the major area of 
application of soil stabilization techniques, 
soil stabilization has also been applied in soil 
foundation strengthening.
 The aim of this study is to carry out the 
effects of stabilization using cement and lime 
on the geotechnical properties of the soil using 
non-linear regression analysis of the test data 
obtained. Coefficient of variability will then be 
employed to ascertain the best of this three 
methods.

2.0 Methodology�

2.1 Description of the Study Area �
The study area is Ogbunike in Idemili North 
Local Government Area of Anambra State, 
South East of Nigeria. Ogbunike lies 
approximately between latitude 6 10 N and 

0 1

6 11 N, longitude 6 00  E and 6  54  E of the 
0 1 0 1 0 1

Greenwich Meridian. It is located about 15 
Kilometres east of Onitsha, the Onitsha Enugu 
expressway cuts through its northern border. 
Average rainfall is about 244mm while the 
average temperature is about 24 C.

0
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Figure 1.0: Map of Ogbunike

2.2 Field Work�
The soil sample used for the study is natural 
reddish brown laterite which was obtained 
from a burrow pit at Ogbunike village by using 
the method of disturbed sampling at 2-meter 
depth from the natural earth surface. The soil 
was collected and transported in sacks to the 
University of Benin laboratory, the soil was air 
dried, pulverized and sieved with British 
Standard Sieve No. 4 (4.75mm aperture) as 
required for laboratory test. Field identification 
test which includes odour, colour and texture 
was carried out.
 Ordinary Portland cement was 
purchased at the community market as well as 
the hydrated lime. Sugarcane straw (wood ash) 
was recovered from the central market. They 
were spread on the ground and air dried to 
facilitate easy burning. After air drying, the 
sugarcane straws were openly burnt into ash 
and collected in polythene bags, stored under 
room temperature until use.
 Classification tests; (Natural moisture 
content, specific gravity, particle size analysis 
and Atterberg limit) and Engineering property 
test (Compaction, California Bearing Ratio 

(CBR), were performed on the un-stabilized 
sample. Sugar cane ash, cement and lime were 
then added to each sample in 3, 6, 9, 12, 15 and 
18% by weight of sample.

2.3 Laboratory Classification Tests�
i. Specific Gravity�
The specific gravity of a solid particle is the 
ratio of the mass density of solids to that of 
water. This was determined in the laboratory 
by the density bottle method and was carried 
out in accordance with AASHTOT 100 – 70 
(B.S1377:75 test 6)

ii. Atterberg Limit�
These are to determine the index properties of 
sieve.  They involve a measure of the plasticity 
of soils which is a measure of their resistance 
to flow.  The tests carried out under this 
included Liquid Limit (LL) Plastic Limit (PL) 
and Plasticity Index (PI) all of which make up 
the Atterberg Limits tests. These were 
determined in accordance with AASHTO 
T180-7- (BS1377:75; Test 2, and Test 3 
respectively).  
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iii.� Compaction Test
 Compaction is the process of classification of 
soils by reducing air voids.  The degree of 
compaction of a given soil is measured in terms 
of its dry density.  This is done by Proctor tests 
and the test was carried out in accordance with 
the modified AASHTO T180 – 70 (BS 
1377:75; Test 12).

iv. California Bearing Ratio�
The CBR test was conducted using the same 
compaction energy as for the compaction test. 
The California Bearing Ratio Test was carried 
out in accordance with AASHTO T180-70. 
The above code stipulates that the specimen be 
cured for six days and then soaked for 24 hours 
before testing. The test is usually carried out on 
compacted soil in a CBR mould 150mm in 
diameter and 175mm height, provided with a 
detachable collar of 50mm height. The CBR 
values are usually calculated for penetration of 
2.5mm and 5mm. Generally, the CBR values of 
2.5mm penetration is higher than that of 5mm 
penetration and in such a case the former is 
used for design but if 5mm penetration is 
higher then the test is repeated. If the result still 
shows that 5mm penetration is higher then it is 
used for design. This was done as specified in 

B. S 1377 (1990).

2.4 Properties of the Soil materials�
The properties of the natural lateritic soil at 
Ogbunike are presented in Table 1 while Table 
2 presents the chemical and oxide composition 
of cement, lime and sugarcane straw. The soil 
was found to be A-7-6, moderately high 
plasticity (CH) and high swell potential soil by 
the American Association of State Highway 
and Transportation Officials (AASHTO), 
Unified Soil Classification System (USCS) 
and Nigerian Building and Road Research 
Institute (NBRRI) classification system 
respectively (Makasa, 1998). The test result 
indicates that the soil in its natural state is not 
suitable for use as road sub- base or base 
material. It requires roller compaction up to 
93% so as to expel air within the voids before it 
can be used as sub grade or better still a 
modified layer can be introduced above it so as 
to give it the desired strength. Table 2 shows 
the oxide compositions of wood ash 
(sugarcane straw), lime and cement. The result 
showed the predominance of silica (SiO ) 2

followed by calcium oxide (CaO) for wood ash 
while CaO was predominant in lime.

Table 1: Properties of the Natural Lateritic Soil.

Property  Quantity
Colour  Reddish Brown
Percentage Passing Sieve No. 200  82.45
Natural Moisture Content (%)

 
15.76

Liquid Limit (LL) (%)
 

38.92
Plastic Limit (PL) (%)

 
24.43

Plasticity Index (PI) (%)
 

14.49
Linear Shrinkage (%)

 
10.43

Free Swell (%)

 

25.0
AASHTO Classification

 

A-7-6
USCS

 

CH
Specific Gravity

 

2.66
Group Index

 

9.0
Optimum Moisture Content (%)

 

17.74
Maximum Dry Density (MDD) (kg/m3)

 

1.83
Unconfirmed Compressive Strength (KN/m2)

 

57.24
Unsoaked CBR (%)

 

12.0
Soaked CBR (%) 6.0
Dominant Clay Mineral Kaolinite
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       Table 2: Chemical Composition of Cement and

Oxide  Cement  Lime

SiO2  20.04  38.62

P2O5
 

-
 

-
 SO3

 
-

 
-

 K2O
 

0.66
 

0.76
CaO

 
63.0

 
47.82

TiO2

 

0.40

 

-

 V2O5

 

-

 

-

 
Cr2O3

 

-

 

-

 
MnO

 

-

 

-

 
Fe2O3

 

5.0

 

0.15
Al2O3

 

6.0

 

15.17
MgO

 

2.0

 

-

 

Na2O 0.50 -
LOI* 2.5 -

LOI* means Loss on Ignition 

2.5� Modeling the Effects of Percent 
Stabilization on the Geotechnical Properties 
of Ogbunike Lateritic Soil
Selected statistical methods were used to 
model the effect of cement, wood ash and lime 
stabilization on the collected samples. Some of 
the statistical tools are:

th1.� Goodness of fit statistics for the 5  
polynomial mathematical model 
validation.

2.� Coefficient of variability
3� Modeling the Effect of Percent 

Stabilization on the Geotechnical 
Properties of Lateritic Soil 

For the analysis, geotechnical parameters such 
as California bearing ratio (CBR), plasticity 
index (PI), unconfined compressive strength 
(UCS) and maximum dry density (MDD) were 
taken as the independent variables while the 
percent stabilization (%) was taken as the 
dependent variable. To study the correlation 

between the independent variable and the 
dependent variable, the exact relationship 
between the two variables was determined 
using linear and non-linear regression method 
for which linear least square regression and the 
curve fitting tool in MATLAB were employed. 
To generate the mathematical relationship, 
percent stabilization (%) of the different 
stabilizing agents were used as the 
independent variable (x) while the 
corresponding laboratory results of the 
different geotechnical parameters were taken 
as dependent variable (y). To validate the 
adequacy of the model and select the best 
mathemat ica l  re la t ionship  be tween 
linear/non-linear relationship, selected 
goodness of fit statistics such as coefficient of 

2
correlation (r ), sum of square error (SSE), 
adjusted R-square value and root mean square 
error (RMSE) were employed.
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3.1� Cement and Lime Stabilization
3.1.1� Modeling the effect of percent 
cement and Lime stabilization on CBR
For percent stabilization with cement and lime 
against the corresponding CBR, it was 
observed that the exact relationship could be 
defined using the polynomial mathematical 
model of the fifth order (poly 5). Results of the 
analysis are presented as shown below. The 

graphical relationship between CBR results 
and the corresponding percent cement 
stabilization based on the polynomial 
relationship is presented as shown in figure 2a. 
The graphical relationship between CBR 
results and the corresponding percent lime 
stabilization based on the polynomial 
relationship is presented as shown in figure 2b. 

Figure 2a: Graphical relationship between CBR and percent cement stabilization based on poly 5

Figure 2b: Graphical relationship between CBR and percent lime stabilization based on poly 5

The mathematical correlation between CBR 
results and the corresponding percent cement 
and lime stabilization in addition with the 

variable coefficients based on 95% confidence 
limit is presented as shown in table 3a and 3b.
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Table 3a: Mathematical relationship between CBR and percent cement stabilization

Table 3b: Mathematical relationship between CBR and percent lime stabilization

To validate the accuracy of the mathematical model, the goodness of fit statistics 
presented as shown in table 4a and 4b were employed. 

Table 4a:Goodness of fit statistics for poly 5 mathematical model validation (Cement)

Table 4b:Goodness of fit statistics for poly 5 mathematical model validation (Lime)
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The high correlation coefficient of 0.9932, 
adjusted R-square value of 95.91% coupled 
with the low root mean square error value of 
1.678 as observed in table 4a were employed to 
justify the validity of the fifth order polynomial 
equation in providing the exact correlation 
between the CBR of lateritic soil and the 
corresponding percent cement stabilization. 
For Lime stabilization, the adjusted R value of 
96.08% with root mean square error of 0.296 

and high correlation of 0.9935 was 
achieved.
 The prediction graph presented as 
shown in figure 3a was also employed to 
show the efficiency of the fifth order 
polynomial equation in providing the exact 
correlation between the CBR of lateritic soil 
with known percent cement stabilization. 
Figure 3b shows the prediction graph of 
lime.

Figure 3a: Efficiency of poly 5 mathematical model in predicting the relationship 
between percent cement stabilization and the corresponding CBR

Figure 3b: Efficiency of poly 5 mathematical model in predicting the relationship 

between percent lime stabilization and the corresponding CBR
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On the accuracy of the prediction using the fifth 
order polynomial mathematical model, a 
reliability plot of the experimental values of the 

CBR and the predicted values based on the 
percent cement and lime stabilization was 
obtained as presented in table 5a, 5b and figure 
4a, 4b respectively

    Table 5a: Predicted values of CBR using the actual percent cement stabilization

Figure 4a: Predicted CBR versus experimental CBR for varying percent cement stabilization

The high coefficient of correlation (0.9932 for 
cement stabilization and 0.9935 for lime 
stabilization) between the predicted and 
experimental values of the CBR as observed in 
figure 4a shows the accuracy and reliability of 

the fifth order polynomial equation in 
providing the exact relationship between 
experimental percent cement and lime 
stabilization and the corresponding CBR of 
lateritic soil.

Table 5b: Predicted values of CBR using the actual percent lime stabilization
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Figure 4b: Predicted CBR versus experimental CBR for varying percent lime stabilization

3.1.2: Modeling the effect of percent cement 
and lime stabilization on MDD
For percent stabilization with cement and lime 
against the corresponding maximum dry 
density (MDD), it was observed that the exact 
relationship could be defined using the 
polynomial mathematical model of the fourth 
order (poly 4) while that of lime stabilization 

was of the fifth order (poly 5). Results of the 
analysis are presented as shown below.
 The graphical relationship between 
MDD results and the corresponding percent 
cement and lime stabilization based on the 
polynomial relationship is presented as shown 
in figure 5a and 5b.

Figure 5a: Graphical relationship between MDD and percent cement stabilization based on poly 4
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Figure 5b: Graphical relationship between MDD and percent lime stabilization based on poly 5

The mathematical correlation between MDD 
results and the corresponding percent cement 
and lime stabilization in addition with the 

variable coefficients based on 95% confidence 
limit is presented as shown in table 6a and 6b.

Table 6a: Mathematical relationship between MDD and percent cement stabilization

Table 6b: Mathematical relationship between MDD and percent lime stabilization

To validate the accuracy of the mathematical model, the goodness of fit statistics presented as shown 

in table 7a and 7b were employed.
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Table 7a: Goodness of fit statistics for poly 4 mathematical model validation

Table 7b: Goodness of fit statistics for poly 5 mathematical model validation

The high correlation coefficient of 0.9994, 
adjusted R-square value of 99.83% coupled 
with the low root mean square error value of 
0.001861 as observed in table 7a were 
employed to justify the validity of the fourth 
order polynomial equation in providing the 
exact correlation between the MDD of lateritic 
soil and the corresponding percent cement 
stabilization. Table 7b shows high correlation 

(0.9996) and adjusted R square of 99.73% for 
lime stabilization.
 The prediction graph presented as 
shown in figure 6a and 6b was also employed 
to show the efficiency of the fourth and fifth 
order polynomial equation in providing the 
exact correlation between the MDD of 
lateritic soil with known percent cement and 
lime stabilization.

Figure 6a: Efficiency of poly 4 mathematical model in predicting the relationship between percent 

cement stabilization and the corresponding MDD
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Figure 6b: Efficiency of poly 5 mathematical model in predicting the relationship between percent lime 

stabilization and the corresponding MDD

On the accuracy of the prediction using the 
four th  and  f i f th  order  po lynomia l  
mathematical model, a reliability plot of the 
experimental values of the MDD and the 

predicted values based on the percent cement 
and lime stabilization was obtained as 
presented in table 8a, 8b and figure 7a & 7b 
respectively.

Table 8a: Predicted values of MDD using the actual percent cement stabilization

Figure 7: Predicted MDD versus experimental MDD for varying percent cement stabilization
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The high coefficient of correlation (0.9994 for 
cement stabilization and 0.9996 for lime 
stabilization) between the predicted and 
experimental values of the maximum dry 
density as observed in figure 7a and 7b show 

the accuracy and reliability of the fourth and 
fifth orders polynomial equation in providing 
the exact relationship between experimental 
percent cement and lime stabilization and the 
corresponding MDD of lateritic soil.

Table 8b: Predicted values of MDD using the actual percent lime stabilization

Figure 7b: Predicted MDD versus experimental MDD for varying percent lime stabilization

3.1.3: Modeling the effect of percent cement 
stabilization on Plasticity Index (PI)For 
percent stabilization with cement and lime 
against the corresponding plasticity index (PI), 
it was observed that the exact relationship 
could be defined using the polynomial 
mathematical model of the fifth order (poly 5). 

Results of the analysis are presented as shown 
below. The graphical relationship between 
plasticity index (PI) results and the 
corresponding percent cement and lime 
stabilization based on the fifth order 
polynomial relationship is presented as shown 
in figure 8a and 8b.

Figure 8a: Graphical relationship between PI and percent cement stabilization based on poly 5
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Figure 8b: Graphical relationship between PI and percent lime stabilization based on poly 5

The mathematical correlation between PI results and the corresponding percent cement and lime 
stabilization in addition with the variable coefficients based on 95% confidence limit is presented as 
shown in table 9a and 9b.

Table 9a: Mathematical relationship between PI and percent cement stabilization

Table 9b: Mathematical relationship between PI and percent lime stabilization

To validate the accuracy of the mathematical model, the goodness of fit statistics presented as shown 
in table 10a and 10b were employed. 
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Table 10a: Goodness of fit statistics for poly 5 mathematical model validation

Table 10b: Goodness of fit statistics for poly 5 mathematical model validation

The high correlation coefficient of 0.9994 and 
0.9992, adjusted R-square value of 99.66% and 
99.5% coupled with the low root mean square 
error value of 0.1217 and 0.6382 as observed in 
table 10a and 10b were employed to justify the 
validity of the fifth order polynomial equation 
in providing the exact correlation between the 
plasticity index of lateritic soil and the 
corresponding percent cement stabilization.

The prediction graph presented as shown in 
figure 9a and 9b was also employed to show 
the efficiency of the fifth order polynomial 
equation in providing the exact correlation 
between the plasticity index of lateritic soil 
with known percent cement and lime 
stabilization.

Figure 9a: Efficiency of poly 5 mathematical model in predicting the relationship 
between percent cement stabilization and the corresponding plasticity index (PI).
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Figure 9b: Efficiency of poly 5 mathematical model in predicting the relationship between 
percent lime stabilization and the corresponding plasticity index (PI)

On the accuracy of the prediction using the 
fifth order polynomial mathematical model, a 
reliability plot of the experimental values of the 

plasticity index (PI) and the predicted values 
based on the percent cement and lime 
stabilization was obtained as presented in 
tables 11a, 11b and figures 10a and 10b.

Table 11a: Predicted values of PI using the actual percent cement stabilization

Figure 10a: Predicted PI versus experimental PI for varying percent cement stabilization
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The high coefficient of correlation (0.9994 for 
cement stabilization and 0.9989 for lime 
stabilization) between the predicted and 
experimental values of the plasticity index as 
observed in figure 10a and 10b show the 

accuracy and reliability of the fifth order 
polynomial equation in providing the exact 
relationship between experimental percent 
cement stabilization and the corresponding 
plasticity index (PI) of lateritic soil.

Table 11b: Predicted values of PI using the actual percent lime stabilization

Figure 10b: Predicted PI versus experimental PI for varying percent lime stabilization

3.2� Selection of Best Stabilizing Agent
To select the best stabilizing agent among 
cement, wood ash and lime, another statistical 
parameter known as coefficient of variability 
(CV) was employed. Coefficient of variability 
is one of the most useful measures of 
dispersion and is defined as the ratio of the 

standard deviation to the mean of sample. It is 
normally employed to ascertain the degree of 
consistency and the lower the CV the better the 
result. Table 12 shows the calculated 
coefficient of variability of each stabilizing 
agent based on the measured geotechnical 
parameters.
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Table 12: Selection of best stabilizing agent using coefficient of variability

1.0 Best stabilizing agent based on CBR measurement  
Stabilizing Agent  Coefficient of Variability  Remark  

Cement  0.4686   
Lime is the bestLime  0.1177  

 
2.0: Best stabilizing agent based on MDD measurement  

Stabilizing Agent
 

Coefficient of Variability
 

Remark
 

Cement
 

0.0308
  

Cement is the bestLime
 

0.0827
 

 3.0: Best stabilizing agent based on PI measurement
 Stabilizing Agent

 
Coefficient of Variability

 
Remark

 Cement
 

0.2365
  Cement is the bestLime 0.8911

Based on the result of table 12, it was concluded that cement is the best stabilizing agent.

4.� Conclusion 
From the result of the research, it showed the 
ineffectiveness of utilizing Ogbunike soil 
without stabilization. A combination of the two 
methods or application of one of the methods 
will significantly improve the geotechnical 
properties of the soil. The treatment of the 
Ogbunike lateritic soil with lime and cement 
yielded improvement in CBR and P.I with peak 
values recorded at 18% treatment. The CBR 
result from cement stabilization is above 40% 
which is recommended for Federal Ministry of 
Works as the CBR values for sub base fill 
materials. It was observed from the results that 
the relationship between the percentage 
stabilization and the measured geotechnical 
properties was a non-linear relationship which 

th th
was defined using the 4  and 5  order 
polynomial equation. On the selection of the 
best stabilizing agent between cement and 
lime, it was observed from the statistical 
analysis result that cement was the best 
stabilizing agent since it possesses the lowest 
values of C  (coefficient of variability) for most v

of the geotechnical parameters analyzed.
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