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Abstract— Soil samples were collected from two different locations in Ile-Ife, southwestern Nigeria. The index properties suc as specific 
gravity, liquid and plastic limits of the soil samples were determined. The compaction properties (Optimum moisture content, OMC and 
maximum dry density, MDD) and California bearing ratio, CBR were also determined. Sewage sludge was collected from an oxidation pond 
and burnt to obtain sewage sludge ash (SSA). The SSA was mixed in varying proportions (0. 2, 4, 8 and 16%) with thesoil samples fro the 
purpose of stabilization. The Liquid limit (LL), Plasticlimit (PL), OMC, MDD and CBR of each SSA-Soil mix were determined. Chemical 
analysis revealed that the SSA has a silica composition of about 45% and a low composition (2%) of calcium oxide. There was a reduction 
in the LL of both soil samples from about 49% to 46% on addition of 2% SSA. The LL later increased at 8% SSA. The highest change 
(114% increment) was recorded in the plasticity index of the soil samples. The OMC decreased from 19% to 16.75% for sample A at 4% 
and from 21.75 to 18.16% for sample B at 16% SSA. CBR of the soil samples generally increased with increasing SSA. There was 
improvement in the strength of the stabilized soil samples although no optimum percentage was obtained. 

Index Terms—Atterberg’s Limits, Compaction Properties, Sewage Sludge Ash, Soil Satbilisation, Southwestern Nigeria, Tropical Laterite, 
Waste disposal. 

——————————      —————————— 

1 INTRODUCTION                                                                     

HE crucial role of soil cannot be over emphasized in the 
construction of Civil Engineering projects. It is sad to note 

however, that many roads and buildings in Nigeria are in dep-
lorable states thereby hampering the nation’s development one 
way or the other (Owoseni and Atigro, 2014). Although failure 
in any cases can be caused by various factors, such as:  exces-
sive load; poor drainage conditions; construction defects; and 
poor engineering properties of sub-grade soils among others 
(Owoseni and Atigro, 2014). The poor engineering properties 
of soil have a great impact on failures. Owning to this fact, 
various researches have been carried and are still being carried 
out by individual, firms and institutions on ways to improve 
the geotechnical properties of soil (Amu et al., 2011). When the 
geotechnical properties of soil are improved by one way or 
another, the soil is said to be stabilised. Soil stabilisation from 
Geotechnical point of view is defined as the manipulation of 
the base soil to increase its load bearing capacity, reduce its 
lateral earth pressure on structures, or resist other stress 
changes induced by either physical or chemical mechanisms 
(Alshawabkeh and Sheahan, 2002). Karol (2003) also defined 
stabilisation as any change that renders the soil adequate for 
changed strength or permeability (or both) required by field 
construction. 

Soil stabilization is achieved by alteration of the physical, 
mechanical and chemical properties of soil depending on the 
type of stabilisation. Mechanical stabilisation alters only the 
physical and mechanical properties of the soil while chemical 

stabilisation alters the chemical properties of the soil. Both 
methods of stabilisation are often used to achieve desired re-
sult. 

Chemical stabilization is the modification of the soil proper-
ties with the addition of stabilisers and admixtures. It also in-
volves the chemical reaction between stabilizer (cementitious 
material) and soil minerals to achieve the desired effect. Ce-
mentitious materials which are usually calcium based such as 
lime, fly ash e.t.c. are commonly used. There are four clear 
processes related to calcium-based soil stabilizer: cation ex-
change, flocculation and agglomeration, cementitious hydra-
tion, and pozzolanic reaction. 

Sludge are largely inorganic ash residues (Gray and Penes-
sis, 1972). Sludge usually accumulate in water and waste water 
treatment plants, oxidation ponds with a need to usually dis-
pose off the accumulated sludge. Incineration is used by many 
plants as a means of sludge disposal. It results in a considera-
ble volume reduction; nevertheless, an ash residue (40 to 60 
percent by weight of air dried sludge) remains and must be 
disposed off (Gray and Penessis, 1972). So a means of putting 
the sludge or the sludge ash to beneficial use is usually ex-
plored.  
 

According to Gray and Penessis (1972), after performing ex-
periments on five different sludge ashes, it was discovered 
that the specific gravities of ash solids fell within a narrow 
range from 2.7 to 2.96 except one that with a low value of 2.44. 
Virtually all of the ashes were composed of predominantly 
silt-size particles (0.002 to 0.06 mm in diameter). Lin et al. 
(2005) concluded that the addition of sludge ash reduced the 
plasticity index (PI) and altered the soil type from mid plastici-
ty to low plasticity, thereby leading to reduced swelling beha-
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viour of the soil. 
Tantawy et al (2012), determined the chemical compositions 

of sewage sludge ash incinerated at 800oC by X- ray Fluores-
cence Analysis (XRF) and found that the sewage sludge ash 
high Al2O3, Fe2O3 and CaO contents due to the use of alum, 
ferric salts, and lime in wastewater treatment. This implies 
that the chemical composition of the sludge ash is a function 
of what is being treated and the chemicals used for the treat-
ment.  

The sludge accumulated in the oxidation pond of the Ob-
afemi Awolowo university, Ile-Ife, Nigeria was recently re-
moved and in a bid to put the removed sludge to beneficial 
use, the possibility of stabilising two laterite soil with sewage 
sludge ash was explored. The findings are discussed in this 
paper. 

2  EXPERIMENTAL METHODS 
Soil samples were collected from two different locations in 

Ile-Ife, Nigeria. The soil samples were air dried in the labora-
tory to achieve partial elimination of natural water which may 
affect the final result of analysis. 

Dewatered sewage sludge was collected from the oxidation 
pond of Obafemi Awolowo University, Ile-Ife, Nigeria. The 
sludge was also air dried to facilitate burning. Sewage sludge 
ash (SSA) was obtained by open burning of the sludge. The 
obtained SSA was then sieved through sieve No. 200 (with 
aperture size 75µm) and stored in an air tight container. Care 
was taken to prevent moisture from getting in contact with the 
SSA which could cause its hardening and loss of some of its 
properties. The physicochemical such as pH, specific gravity 
and composition of oxides in the SSA were determined. 

Preliminary analysis such as Natural moisture content, spe-
cific gravity (ASTM D 854), pH, Atterberg’s limits (Liquid Lim-
it, LL and Plastic Limit, PL) (ASTM D 4318) and particle size 
distribution of the soil samples were determined according to 
American Society of Testing and Materials (ASTM, 2003). The 
result was used to classify the soil samples according to the 
Unified Soil and Classification System (USCS). The Optimum 
Moisture Content (OMC) and the Maximum Dry Density 
(MDD) were determined from compaction test (ASTM D 698) 
carried out on the soil samples. The California Bearing Ratio 
(CBR) of the soil samples was also determined (ASTM D 1883). 

The SSA was then mixed in ratio 2, 4, 8 and 16% with the soil 
samples. The pH, Atterberg limits, OMC, MDD and the CBR 
of each mixt were then determined. The results obtained was 
used to analyse the effect of the SSA on the soil samples. 

3 RESULTS AND DISCUSSION 
3.1 Physicochemical Properties of SSA 
The pH and specific gravity of the SSA was obtained to be 3.33 
and 2.2, respectively. The pH value of the SSA implies that it is 
acidic. The specific gravity of the SSA is lower than the specific 

gravity of most soil which shows that stabilisation of the soil 
samples with the SSA will be obtained through mechani-
cal/physical means by the SSA filling the pores of the soil 
samples. 

The percentages of some chemical oxides present in the SSA 
are presented in Table 1. The results show that the SSA contain 
very low percentages of iron and calcium oxides but a very 
high percentage of silicon oxide. Due to low calcium content 
in the SSA, chemical stabilization which usually requires su-
persaturation of calcium (Glendinning and Rogers, 1996) can-
not be achieved when SSA is added to the soil samples. It is 
also further shown that whatever stabilization effect obtained 
on addition of SSA to the soil sample will be due to mechani-
cal/physical stabilization.  
  
Table 1: Chemical Analysis of Sewage Sludge Ash 
Oxide Composition (%) 
CaO 2.02 
MgO 0.089 
Fe2O3 4.934 
SiO2 45.96 
 
3.2 Preliminary Analysisi Results of the Soil Samples 

The results of the preliminary analysis of the soil 
samples are presented in Table 2. Sample A has a higher natu-
ral moisture content than soil sample B. The natural moisture 
content is however not an intrinsic property of soil since its 
value is a function of climatic condition (such as temperature, 
amount, intensity and duration of rainfall), depth of excava-
tion with the relief of the location. The specific gravities of the 
soil samples are within the usual range for soil samples ac-
cording to Das (2006). The pH values of the soil samples show 
that both soil samples are acidic which is typical of laterite 
soils (Gidigasu, 1976).  

The liquid limit (LL) of both soil samples are higher 
than 35% (the maximum requirement for a soil to be suitable 
as sub base material). These result also imply that both soil 
samples are of similar compressibility and swelling characte-
ristics since the LL is closely related to the compressibility of 
soil. The plastic limit (PL) of both soil samples are high result-
ing in low plasticity index (PI). Based on these results, sample 
A is of medium plasticity, while sample B is of low plasticity 
according to Das (2006). 

Both soil samples are classified as ML i.e. low plastici-
ty silt according to USCS. Silt are typically difficult to compact 
so the addition of fine clay like material like the SSA may 
prove useful in stabilising the soil samples.  

The compaction properties and the California bearing 
ration (CBR) of the untreated soil samples are also shown in 
Table 2. 

 
Table 2: Results of Preliminary Analysis of Soil Samples 
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 SAMPLE A SAMPLE B 

Natural moisture 
content (%) 

18.82 14.42 

Specific gravity 2.56 2.52 

Liquid limit (%) 
49.30 49.00 

Plastic limit (%) 33.31 40.00 
Plasticity index (%) 12.04 9.00 

pH 5.02 4.77 

USCS Classification ML ML 

Soil Colour Light Brown Reddish Brown 

OMC (%) 19.00 21.75 

MDD (g/cm3) 1.72 1.63 

CBR 12.01 5.89 

 
3.3 Effect of Sewage Sludge Ash on the Atterberg’s 

Limits of the Soil Samples 
The effect of the SSA on the Atterberg’s limits of the two soil 

samples are illustrated in Figures 1 to 3. Figure 1 show that the 
addition of SSA has effect on the LL of the soil samples but the 
effect is not uniform between and within the soil samples. In 
soil sample A, there was 6.5% highest reduction and 1.01% 
highest increment in LL while in sample B, there was 8.57% 
highest reduction and 0% highest increment in LL. There was 
considerable change in the PL of both soil samples as com-
pared to LL. Figure 2 show that there was continual reduction 
in PL of sample B while the change in PL of sample A was not 
uniform. In sample A, there was 20.08% highest reduction and 
2.64 highest increment in the PL while in sample B, there was 
highest 25.92% reduction and 0% highest increment in the PL. 
Figure 3 shows that there was continual increment in the PI of 
sample B while the change in PI of sample A is not uniform. 
The highest change was recorded in the PI of the treated soil 
samples as illustrated in Figure 3. There was 43.52 highest re-
duction and 35.13 highest increment in the PI of sample A, 
while there was 0% reduction and highest 114.67 increment in 
the PI of sample B. The results indicate that the addition of 
SSA to sample B altered the soil to medium plasticity accord-
ing to Das (2006) while addition of 2% and 16% SSA to sample 
A altered the plasticity to low plasticity 
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Figure 1: Effect of SSA on the liquid limits of the soil samples 
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 Figure 2: Effect of SSA on the plastic limits of the soil samples 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 8, August-2016                                                                                        107 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org 

0

2

4

6

8

10

12

14

16

18

20

0 2 4 8 16

Pl
as

tic
ity

 in
de

x 
(%

)

% of SSA

Soil A Soil B

 
Figure 3: Effect of SSA on the plasticity index of the soil sam-
ples 
 

3.3 Effect of Sewage Sludge Ash on the Compaction 
Properties and CBR of the Soil Samples 

Figure 4 shows the changes in the compaction properties of 
the two soil samples when stabilised with sewage sludge ash 
(SSA). As the percentage of SSA increased, the optimum mois-
ture content (OMC) of sample B decreased while the maxi-
mum dry density increased. The addition of the sewage 
sludge ash caused reduction in the OMC and increment in 
MDD due to the fact that the SSA as higher unit weight and 
also the specific surface area of the sludge is smaller than the 
soil samples. The MDD was also increased due to the fact that 
the fine particle of the SSA filled the pores within the soil 
sample causing it to be more compact and denser.  
 
The changes in the OMC and MDD of sample A in response to 
the addition of SSA was however not uniform. There was an 
initial decrease in the OMC and a later increase in the OMC. 
The fluctuation in the OMC in turn affect the MDD as the 
MDD increased to a value of 1.79 Mg/m3 at 4% SSA addition. 
After this increment there was reduction in the MDD as the 
SSA content increased. 
 
The effect of SSA on the CBR is similar for the two soil samples 
as presented in Figure 5. The CBR of both soil samples in-
creased with increasing SSA content. The CBR increased from 
12.95% to 19.6% as the ash increases from 2 to 16% for sample 
A. and also increased from 8.41% to 24.65% as the ash increas-
es from 2% to 16% for sample B. These results indicate that 
SSA is beneficial in improving the CBR of the soil samples in 
agreement with Lin et al. (2005). 
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Figure 4: Effect of SSA on the compaction properties of soil 
samples 
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Figure 5: Effect of SSA on the CBR of soil samples 
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 8, August-2016                                                                                        108 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org 

4 CONCLUSION 
Based on the results obtained from the present study, it can be 
concluded that: the effect of SSA in stabilization is dependent 
on the soil type and cannot be generalized for all soil types; in 
order to establish an optimum percentage of SSA, smaller in-
crement of SSA between 0 and 8% should be explored; finally, 
SSA proved useful in improving the MDD and CBR of the 
tested soil samples. 
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