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Abstract:
In this study, the physical and engineering properties of Ogbunike lateritic soil was 
enhanced using cement, sugar cane and lime in increasing percentages ranging from 
3% - 18%. Soil samples were recovered from Ogbunike pit in Anambra, Nigeria; at 
depth of 2 meters using hand auger. The samples were placed in cellophane bags and 
taken to Geotechnical laboratory at University of Benin where it was classified and 
characterized. Soil samples (5kg) were measured for each percentage under 
investigation (i.e. 3% to 18%), for each of the stabilization technique while the control 
had 0% stabilization component. Across the three different methods, the engineering 
properties investigated during the 7 days' duration includes: maximum dry density 
(MDD), optimum moisture content (OMC), unconfined compressive strength (UCS), 
resistance to loss of strength (RLS) and California bearing ratio (CBR). The results 
reveal that improved engineering properties of the soil emerged on the stabilized 
samples than the control samples. The ratio of improved engineering characteristics 
was in the order: cement>lime>wood ash. The study concludes that Ogbunike soil is 
suitable for sub-base and base fill materials provided that cement stabilization not 
less than 6% is achieved and well compacted to expel void.

Keywords: Stabilizing Agent, Cement, Wood Ash, Lime, Moisture Content.

Introduction:
The increase in population of people in Nigeria 
has necessitated the need for adequate 
provision of transportation facilities and also 
the maintenance of the existing ones.  Highway 
engineers are faced with the problem of 
providing very suitable materials for the 
highway construction. The construction of 
foundation of most engineering structures 
require adequate information about the 
engineering properties of the soil and sub-soil 
condition of the area.  This is necessary for the 
engineering planning, design and construction 

of such foundation to be based on sound 
geotechnical parameters (Okunade, 2010).
Owing to this fact, continuous researches have 
been carried and still being carried out by 
individuals, firms and institutions on ways to 
improve the engineering properties of lateritic 
soils, which occur in tropical countries of the 
world, including Nigeria (Osinubi, 1995).  So 
improvisations have to be made to make these 
soils better. These lead to the concept called 
soil stabilization which is any treatment 
applied to a soil to improve its strength and 
reduce its vulnerability to water. When the 
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treated soil is able to withstand the stresses 
imposed on it by traffic under all weather 
conditions, the entire load coming from a 
structure, without excessive deformation, then 
it is generally regarded as stable and “fit-for-
purpose”.
 Stabilization of soil is a practice which 
is widely used in road construction to improve 
the engineering properties of natural soils with 
the aim of increasing its strength by making it 
less compressible and less permeable and 
porous, resulting in higher bearing capacity 
and decreased volume change. Soil 
stabilization is the process by which the 
engineering properties of a soil layer can be 
improved or treated by the addition of other soil 
types, minerals or by mixing with appropriate 
chemical additives into the pulverized soil 
while carrying out compaction.
 Soil stabilization, which can be 
achieved by increasing the density of the soil or 
by adding admixtures and then applying 
mechanical work to compact it. This is a more 
economic solution for improving the 
performance of problematic soils, by 
enhancing their commutation and reducing 
their sensitivity to moisture changes (George 
and Beena, 2011). Conventionally, cement, 
lime and wood ash have been used in 
stabilizing weak lateritic soils in road 
construction in order to provide a firm base or 

sub-base for all types of paved areas, to 
improve foundation conditions and as a lining 
for trenches and stacked earthworks (Sameer, 
2011).  Cement, lime and wood ash stabilizers 
are in high demand, leading to sharp increase 
in their prices. In addition, large quantities of 
CO  released during their production could 2

worsen global warming. This study is aimed at 
using cement, lime and sugar cane ash as 
stabilizing agents for lateritic soils, for use as 
road base material.  The realization of this 
objective will go a long way to providing 
solution to the failure of roads due to weak 
base, and sub-base arising from the use of 
substandard materials. 

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 (Fig 1). Ogbunike lies 

0 ' 
approximately between latitude 6 10 N and 

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

0average temperature is about 24 C.

Fig 1: Map of Ogbunike
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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-meters 
depth from the natural earth surface.  Field 
examination (colour, texture and odour) were 
carried out on the samples. The soil was 
collected and transported in sacks to the 
University of Benin laboratory.

2.2.1 Soil Samples and Additives
 Preparation 
 The soil was air dried, pulverized and sieved 
with British Standard Sieve No. 4 (4.75mm 
aperture) as required for laboratory test. 
Pebbles and other particles that could affect the 
results were also removed. Ordinary Portland 
cement was purchased at the community 
market as well as the hydrated lime. Sugarcane 
straw 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 used for the test. 
 Index tests on the natural and 
stabilized soils were carried out in accordance 
with the procedures outlined in BS 1377 (1990) 
and BS 1924 (1990) respectively, for the 
stabilized soil specimens, step percentages of 
the additives (cement, lime and sugar cane ash) 
by dry weight of soil (3, 6, 9, 12, and 18%) was 
introduced into the soil after the soil samples 
have been pretreated. The samples were 
labeled OLS A – OLS F. The sample OLS A 
which is 0% was the control, while OLS B – F 
represents samples 3% - 18% respectively. 
However, OLS A samples were not pretreated 
since it was used as control; its properties are 
presented in Table 1.  

2.3� Laboratory Classification Tests
Some Engineering property tests which 
includes Compaction, California Bearing 
Ratio (CBR), Unconfined Compression test 

and Resistance to Loss in Strength were 
performed on the un-stabilized sample.  
Classification tests which includes Natural 
moisture content, specific gravity, particle size 
analysis and Atterberg limit were also carried 
out to determine the physical characteristics of 
the soil. Sugar cane ash, cement and lime were 
then added to each sample in 3, 6, 9, 12, and 
18% by weight of sample. Some of the tests are 
described as follows:

i.� 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).  Compaction Tests 
The compaction tests were carried out using 
the British standard light compaction (BSL). 
For the B.S light, three layers, each layer 
received 27 blows using 2.5kg rammer with 
height of fall of 300mm. The stabilized soil 
compaction was carried out using the same 
compactive efforts of BSL. The blends of 
stabilizing agents were added to the samples 
before compaction, and the moisture content 
for every water increment was determined. 
Curves were plotted for the moisture-density 
relationship using the dry densities and 
compaction moisture contents.

ii.       Unconfined Compression Strength 
(UCS) and Resistance to Loss (RSL)
The Unconfined Compression Strength Test 
(UCS), is a special case of triaxial compression 
test in which the particular confirming 
pressure and the value of the other stresses 
cancels out. The cylindrical specimen of soil is 
subjected to major principal stress till the 
specimen fails due to shearing a long a critical 
plane of failure. During the test, load versus 
deformation readings are taken and a graph is 
plotted. The Resistance to Loss in Strength 
RLS was determined as a ratio of the UCS 
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value of specimens cured for 7 days under 
controlled conditions, which was subsequently 
immersed in water for another 7 days to the 
UCS value of specimens cured for 14days. 
This was done in accordance with ASTM D 
5102 for unconfined compression strength test.

iii.     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, intermediate plasticity 
(CI) 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). Using the 
Federal Ministry of Works and Housing 
Guidelines, 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 sugar 
cane ash, lime and cement. The result showed 
the predominance of silica (SiO ) followed by 2

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, Lime and Sugarcane Straw

Oxide Cement Lime Sugar cane Ash

SiO2 20.04 38.62 45.60 
P2O5 - - 4.70 
SO3 - - 0.8 
K2O 0.66 0.76 17.43 
CaO 63.0 47.82 13.61 
TiO2 0.40 - 3.72 
V2O5 - - 0.0053 
Cr2O3 

-
 

-
 

0.05
 

MnO
 

-
 

-
 

0.73
 

Fe2O3
 

5.0
 

0.15
 

5.63
 

Al2O3
 

6.0
 

15.17
 

-
 

MgO
 

2.0
 

-
 

-
 

Na2O
 

0.50
 

-
 

-
 LOI* 2.5 - 30

LOI* means Loss on Ignition 

3.0� Results and Discussion

3.1� Effect of Cement, Sugar cane Ash and 
Lime on Compaction Characteristics 
of Ogbunike Soil.

The effect of cement on Ogbunike soil with 
respect to the maximum dry density MDD and 
optimum moisture content OMC are presented 
in Fig 2 and 3. The MDD and OMC increased 
with increase in cement content across the 
percentages. The increase in the MDD from 

31.31mg/m  at 0% cement content to a peak 
3value of 1.55mg/m  at 18% cement content is 

as a result of the combined action of cement 
fine particles in the clay; while the fine 
particles released more silica, cement released 
calcium oxide that caused the flocculation and 
agglomeration of clay particles as well as plugs 
the void and bind the particles together. The 
OMC increased with higher percentage of 
cement treatment up to 18%. The OMC values 
increase from 11.7% at 0% treatment to a peak 
value of 36.4% at 18% (Sample D) treatment. 
The increase of OMC with higher cement 

treatment is as a result of extra water required 
for the hydration of cement and laterite.   
 The variation of maximum dry density 
and optimum moisture content with sugar cane 
ash is shown in Fig 4 and 5. The MDD 
decreased with increase in sugar cane ash 
content for all percentages. The MDD values 

3
decreased from 1.47mg/m  untreated soil 

3(Sample A) to 0.52mg/m  (sample F) treated 
with 18% wood ash content. The reason for the 
decrease is presence of high SiO  in sugar cane 2

ash which lead to the reduction of the sample 
density. However, the optimum moisture 
content increased with higher sugar cane ash 
treatment from 11.7% to 38.42%.  The 
increased in OMC with increased sugar cane 
ash content is as a result of extra water required 
for the pozzolanic reactions. A similar result 
was reported by Ali et al., (2017). Black Cotton 
soil moisture content increased after treatment 
with groundnut shell ash and metakaolin. 
 The variation of MDD of lime 
stabilized lateritic soil shows a decrease with 
increase in lime content. The values reduced 
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3
from 1.47mg/m  (Sample A) of untreated soil 

3
sample to 1.23mg/m  (Sample F) when the 
sample was treated with about 18% lime. The 
chart showing the variation of MDD and OMC 
are shown in Fig 6 and 7. This observed 
decrease in MDD is due to cation exchange. It 
may also be attributed to the dispersed 
structure of the soil in the presence of the polar 
organic liquid, which consequently leads to 
reduced MDD. The decrease may also be due 
to the low specific gravity of the soil. The 
variation of optimum moisture content of lime 
stabilized Ogbunike lateritic soil shows a 
continuous increase with increase in lime 
content. This increase was due to the increase 

in water demand which commensurate with 
the higher amount of lime/laterite required for 
hydration. The OMC values increased from 
11.7% (Sample A) when the laterite was 
untreated to 37.8% (Sample F) when the 
sample has 18% treatment. Umar et. al., (2015) 
reported that lime stabilization of lateritic soil 
increases soil OMC and reduces its MDD; this 
was responsible for the improved hydraulic 
performance of the lime treated soil over the 
un-stabilized laterite.  However, Stephen 
(2017) opined that when lateritic soil is 
moderately moist (20 -25%) in its natural state, 
lime additive as stabilizing agent will have no 
much effect on the OMC content of the soil.  

Fig 2: Variation of MDD of Ogbunike Lateritic Soil Treated with Cement

Fig 3: Variation of OMC of Ogbunike Lateritic Soil Treated with Cement
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Fig 4: Variation of MDD of Ogbunike Lateritic Soil treated with Wood Ash

Fig 5: OMC of Ogbunike Lateritic Soil treated with Sugar Cane Ash

Fig 6: Variation of MDD of Ogbunike Lateritic Soil treated with Lime
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Fig 7: OMC of Ogbunike Lateritic Soil treated with Lime

3.2 Effect of Cement, Wood Ash and �
Lime on 7days Unconfined Compressive 
Strength
The variation of 7 days unconfined 
compressive strength with various cement 
percentages are presented in Fig 8. The results 
showed increase in 7 days UCS from 
47.25kN/m  (sample A) for untreated lateritic 

2

clay to a maximum value of 1944kN/m  
2

(Sample F) at 18% cement treatment. The 
results indicate that cement laterite 
combination has a long time strength 
improvement capacity, which implies that 
progressive increase in strength will enhance 
the stability of pavements that the soil will be 
subjected to. 
 The results of the variations of UCS 
with different percentages of sugarcane ash are 
presented in Fig 9. A similar trend was also 
observed with the values of untreated clay 
being 47.25kN/m  (sample A) while a value of 2

about 48.19kN/m  (Sample F) was recorded 
2

after treatment with 18% wood ash. However, 
the peak 7days UCS value of 48kN/m  fell 2

short of 1710kN/m  specified by TRRL (1977) 2

as criteria for adequate stabilization using 
ordinary portland cement. Nevertheless, there 
was progressive improvement in strength 
development. From the UCS test, there were 
also indications that if the content is properly 
cured and tested after 14 and 28 days 
respectively, more improvement will be 

recorded. 
 The variation of the unconfined 
compressive strength of lime stabilized laterite 
is showed in Fig 10. The samples for the test 
were cured for 7 days and it indicates an 
increase in strength from 47.25kN/m  (sample 

2

A) with untreated sample to 662.19kN/m  2

(sample F) with 18% lime treatment. The 
observed increase in strength can be attributed 
to ion exchange at the surface of clay particles. 
The Ca in the lime klin dust reacted with the 

+ 

lower valence metallic ion in the clay 
microstructure which resulted in the 
agglomeration of the clay particle. The 
increase in the UCS values was primarily due 
to the deformation of various compounds such 
as calcium silicate hydrates (CSH) and 
calcium aluminates hydrates (CAH) and micro 
fabric changes, which are not responsible for 
strength development.  Although there was 
gradual strength improvement, the values 
obtained still fell below the recommended 
value of 1710kN/m  by TRRL (1977) as 

2

criteria for adequate stabilization using 
ordinary portland cement.  This result negates 
the research findings of Balogun (2018); 
where UCS value of soil stabilized with lime 
was over the recommended value of 
1710kN/m  by TRRL (1977). The research 

2

findings however added that the lime was 
effective as a result of other complementary 
additives such as sandy soil. 
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Fig 8: Unconfined Compressive Strength of Ogbunike Lateritic Soil treated with Cement

Fig 9: Unconfined Compressive Strength of Ogbunike Lateritic Soil treated with Sugar cane ash

Fig 10: Unconfined Compressive Strength of Ogbunike Lateritic Soil treated with Lime
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3.3 Effect of Cement, Sugar Cane ash and 
Lime on the Resistance to Loss of Strength
Ogbunike lateritic soil treated with cement, 
sugar cane ash and lime offered good 
resistance to loss of strength as the values of the 
resistance to loss of strength increased with the 
increase of the various additives. The highest 
values were obtained at 18% treatment of the 
various additives. When the samples were 
treated with cement, the values increased from 
19.36% for untreated sample (Sample A) to 
95.4% (Sample F) with 18% cement. When the 
samples were treated with sugar cane ash, the 
values increased progressively from 19.36% 
(untreated, Sample A) to 19.78% after 18% 
sugar cane ash treatment (Sample F). Lime 

treatment result also followed a similar trend. 
The values obtained was 19.36% (sample A) 
when the sample were untreated to 71.44% 
(sample F) when the sample was treated with 
18% lime. The results of the resistance to loss 
of strength when the samples were treated with 
cement, sugar cane ash and lime are shown in 
Fig 11 – 13 respectively.
 The resistance to loss of strength by 
stabilized samples was initiated by bounding 
force introduced into the soil by the additives. 
These forces close the gaps that would have 
serve as easy passage or aid in the strength loss 
of the samples. According to Alhassan and 
Mustapha (2018) , stabilized lateritic samples 
offer better resistance to shearing and direct 
stresses occasioned by static and passing loads

Fig 11: Resistance to Loss of Strength of Ogbunike Lateritic Soil treated with Cement

Fig 12: Resistance to Loss of Strength of Ogbunike Lateritic Soil treated with sugar cane ash
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Fig 13: Resistance to Loss of Strength of Ogbunike Lateritic Soil treated with Lime

3.4� Effect of Cement, Wood Ash and 
Lime on California Bearing Ratio 

The CBR (soaked and unsoaked) of Ogbunike 
lateritic soil treated with cement at varying 
percentages show an increase in its trend as 
shown in Fig 14. The CBR values increased 
from 6% when the samples were untreated 
(Sample A) to 71% when the sample had 
undergone 18% cement treatment (Sample F). 
The increase in strength is as a result of the 
flocculation and ion exchange that took place 
during bonding. 
 The results of the unsoaked and 
soaked CBR of sugarcane ash showed a similar 
trend as that of Cement. The chart as presented 
in Fig 15 indicates that CBR values increases 
progressively from 6% (Sample A) when the 
sample were not treated to 44% (Sample F) 
when the samples were treated with 18% sugar 
cane ash. The peak value of 44% exceed the 

maximum value of 40% prescribed for sub-
base material of lightly traffic roads by the 
Nigerian General Specification (Roads and 
Bridges, Federal Ministry of Works and 
Housing, 1994).
 The variation of unsoaked and soaked 
(24-hour soaking) California bearing ratio 
(CBR) values of the lateritic with lime content 
is showed in Fig 16. Generally, the CBR values 
recorded increased with higher lime content 
from 6% (sample A) untreated samples to 47% 
when it was treated with 18% lime (Sample F). 
The increase could be due to the presence of 
adequate amount of calcium required for the 
formation of calcium silicate hydrate (CSH) 
and calcium aluminum hydrate (CAH), which 
are the major compounds responsible for 
strength gain. The result of the lime treatment 
is above and it met the requirement for sub 
base material for road construction.

Fig 14: CBR of Ogbunike Lateritic Soil treated with Cement
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Fig 15: CBR of Ogbunike Lateritic Soil treated with Sugar cane ash

Fig 16: CBR of Ogbunike Lateritic Soil treated with Lime

4� Conclusion
From the study, numerous field and laboratory 
studies were conducted to evaluate the 
improvement of geotechnical properties of 
Ogbunike soil when treated with additives. The 
mechanism of treatment comprised hydration, 
ca t ion  exchange ,  and  f loccu la t ion  
agglomeration of soil particles and pozzolanic 
reaction to form Calcium Silicate Hydrate (C-
S-H) and Calcium Aluminate Hydrate (C-A-H) 
as cementitious materials.  Recommended soil 
additives are the major component in ensuring 
effective adequate stabilization (. The 
treatment of the Ogbunike lateritic soil with 
lime, sugar cane ash and cement yielded 

improvement in CBR and UCS with peak 
values recorded at 18% treatment. This was 
also the case with Resistance in loss of 
strength. 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. 
The moisture content results indicate that the 
soil is fairly moist in its natural condition. 
When the soil was treated with additives, the 
moisture content of the soil increased as a 
result of flocculation; the improved properties 
of the soil when stabilized makes it suitable as 
fill materials for road construction.
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