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Abstract: Soil stabilization is the alteration of soils to enhance their physical properties and can be utilized on roadways, 
parking areas and many other situations where sub
agents have improved the engineering properties of lateritic soil but the cost of these stabilizing agents are on the increase, 
therefore there is need for alternatives such as palm kernel shell.
formation located at Abalabi (  53’ 13.758”N, 

kernel shell wastes were taken from oil palm producing plant at Iweke along Ilaro
palm kernel shells were broken into pieces passing through 5mm sieve and then substituted for lateritic soil in the range of 
50% at 5% intervals for compaction test while 0% palm kernel shell substitution served as control experiment
1377 (1990), compaction tests were carried out on the composite materials to determine the various optimum moisture contents 
and maximum dry densities at different test water contents for all the substitutions. From the results, maximum d
as the percentage palm kernel shell substitution increases while optimum moisture content increases as the percentage palm ke
shell substitutions increases. Therefore palm kernel shell could be used for the construction of road and a
risk and hazard caused by palm kernel shell waste could be reduced if not completely eliminated.
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Background Study 
As soils develop over time, horizons form a soil profile and most soil profiles cover the earth as two main layers namely top
and subsoil. Soil horizons are the layers in the soil as you move down the soil profile and each profile may have soil horizo
are easy or difficult to distinguish. Most soils exhibit three main horizons, namely, (1) “A” horizon which contains humus
topsoil where nutrients, organic matter and biological activity are highest. This horizon is usually darker than other ho
because of the organic materials. (2) The “B” horizon which contains clay
holds more moisture. It generally has a lighter color and less biological activity than the “A” horizon. Texture ma
the “A” horizon too. (3) The “C” horizon underlying weathered rock (from which the “A” and “B” horizons form). The properties
of horizons are used to distinguish between soils and determine land
not strong enough to carry the design traffic load, therefore, the soil on which these transport facilities are built must th
improved on in order to ensure longevity, safety and convenience of the end users. It is therefore 
engineer to provide an improvement for these soils by stabilization. The use of conventional stabilizing agents have improved
engineering properties of lateritic soil but the cost of these stabilizing agent are on the i
alternatives such as palm kernel shell, a by
which are classified as Agriculture wastes, are commonly dumped openly causing environment
to stabilize the prevalent soil on site and here, the cost of stabilization is determined to a large extent from the optimal 
stabilizing agent required for effective stabilization. It is therefore necessary to
lateritic soil which can readily be available and easily upgraded by stabilization. This will reduce the quantity of borrowed
soil and also the cost of stabilization and this study is an effort in tha
they have higher cation exchange capacity and water
water is trapped between them. After rain, the water moves in
because the rain water is held in the soil. 
lateritic soil. Adeboje, et al. (2017) also conducted a research on 
road construction. Olutaiwo, et al. (2018) investigated the 
cement–modified lateritic soil (Nnochiri et al. 2017; 
2018a, b, and c). 
 
Methodology 
The lateritic soil used in this study was taken on the sedimentary formation located at Abalabi 
Ajegunle (Figure 1), along Papalanto-Ilaro road, Ogun State, Nigeria and palm kernel shell wastes were taken from oil palm 
producing plant at Iweke along Ilaro-Owode Road, Ilaro, Ogun State, Nigeria. The palm kernel shells were broken into 
passing through 5mm sieve and then substituted for lateritic soil in the range of 0% to 50% at 5% intervals for compaction te
while 0% palm kernel shell substitution served as control experiment. In line with BS 1377 (1990), compaction tests were 
out on the composite materials to determine the various optimum moisture contents and maximum dry densities at different test
water contents for all the substitutions (Knappett and Craig, 2012; Craig, 1994; 
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Soil stabilization is the alteration of soils to enhance their physical properties and can be utilized on roadways, 
parking areas and many other situations where sub-soils are not suitable for construction. The use of conventional stabilizing 

nts have improved the engineering properties of lateritic soil but the cost of these stabilizing agents are on the increase, 
therefore there is need for alternatives such as palm kernel shell. The lateritic soil used in this study was taken on the sediment

53’ 13.758”N,  7’ 59.994”E), along Papalanto-Ilaro road, Ogun State, Nigeria and palm 

kernel shell wastes were taken from oil palm producing plant at Iweke along Ilaro-Owode Road, Ilaro, Ogun Sta
palm kernel shells were broken into pieces passing through 5mm sieve and then substituted for lateritic soil in the range of 
50% at 5% intervals for compaction test while 0% palm kernel shell substitution served as control experiment
1377 (1990), compaction tests were carried out on the composite materials to determine the various optimum moisture contents 
and maximum dry densities at different test water contents for all the substitutions. From the results, maximum d
as the percentage palm kernel shell substitution increases while optimum moisture content increases as the percentage palm ke
shell substitutions increases. Therefore palm kernel shell could be used for the construction of road and a
risk and hazard caused by palm kernel shell waste could be reduced if not completely eliminated.

Compaction, Stabilization, Sedimentary, Formation, Composite, Material, Palm Kernel Shell.

As soils develop over time, horizons form a soil profile and most soil profiles cover the earth as two main layers namely top
and subsoil. Soil horizons are the layers in the soil as you move down the soil profile and each profile may have soil horizo
are easy or difficult to distinguish. Most soils exhibit three main horizons, namely, (1) “A” horizon which contains humus
topsoil where nutrients, organic matter and biological activity are highest. This horizon is usually darker than other ho
because of the organic materials. (2) The “B” horizon which contains clay-rich subsoil and is often less fertile than the topsoil but 
holds more moisture. It generally has a lighter color and less biological activity than the “A” horizon. Texture ma
the “A” horizon too. (3) The “C” horizon underlying weathered rock (from which the “A” and “B” horizons form). The properties
of horizons are used to distinguish between soils and determine land-use potential. Most of the time, the existi
not strong enough to carry the design traffic load, therefore, the soil on which these transport facilities are built must th
improved on in order to ensure longevity, safety and convenience of the end users. It is therefore 
engineer to provide an improvement for these soils by stabilization. The use of conventional stabilizing agents have improved
engineering properties of lateritic soil but the cost of these stabilizing agent are on the increase, the need therefore arise for 
alternatives such as palm kernel shell, a by-product of palm tree fruits. These fruits are commonly found in tropical countries 
which are classified as Agriculture wastes, are commonly dumped openly causing environment
to stabilize the prevalent soil on site and here, the cost of stabilization is determined to a large extent from the optimal 
stabilizing agent required for effective stabilization. It is therefore necessary to seek a suitable complementary substitute for 
lateritic soil which can readily be available and easily upgraded by stabilization. This will reduce the quantity of borrowed
soil and also the cost of stabilization and this study is an effort in that direction. Laterite soils have high clay content, which mean 
they have higher cation exchange capacity and water-holding capacity than sandy soils. It is because the particles are so small the 
water is trapped between them. After rain, the water moves into the soil slowly. Palms are less likely to suffer from drought 
because the rain water is held in the soil. Nnochiri, et al.. (2017) study the effects of palm kernel shell ash on lime

Adeboje, et al. (2017) also conducted a research on stabilization of lateritic soil with pulverized palm kernel shell for 
Olutaiwo, et al. (2018) investigated the strength characteristics determination of palm kernel shell ash in 

(Nnochiri et al. 2017; Ikumapayi and Akinlabi, 2018; Olutaiwo and Johnson, 2018; Olarewaju, 

The lateritic soil used in this study was taken on the sedimentary formation located at Abalabi 
Ilaro road, Ogun State, Nigeria and palm kernel shell wastes were taken from oil palm 

Owode Road, Ilaro, Ogun State, Nigeria. The palm kernel shells were broken into 
passing through 5mm sieve and then substituted for lateritic soil in the range of 0% to 50% at 5% intervals for compaction te
while 0% palm kernel shell substitution served as control experiment. In line with BS 1377 (1990), compaction tests were 
out on the composite materials to determine the various optimum moisture contents and maximum dry densities at different test

Knappett and Craig, 2012; Craig, 1994; Brian, 1980; Bowles, 1981).
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Soil stabilization is the alteration of soils to enhance their physical properties and can be utilized on roadways, 
soils are not suitable for construction. The use of conventional stabilizing 

nts have improved the engineering properties of lateritic soil but the cost of these stabilizing agents are on the increase, 
The lateritic soil used in this study was taken on the sedimentary 

Ilaro road, Ogun State, Nigeria and palm 

Owode Road, Ilaro, Ogun State, Nigeria. The 
palm kernel shells were broken into pieces passing through 5mm sieve and then substituted for lateritic soil in the range of 0% to 
50% at 5% intervals for compaction test while 0% palm kernel shell substitution served as control experiment. In line with BS 
1377 (1990), compaction tests were carried out on the composite materials to determine the various optimum moisture contents 
and maximum dry densities at different test water contents for all the substitutions. From the results, maximum dry density reduces 
as the percentage palm kernel shell substitution increases while optimum moisture content increases as the percentage palm kernel 
shell substitutions increases. Therefore palm kernel shell could be used for the construction of road and as a result, environmental 
risk and hazard caused by palm kernel shell waste could be reduced if not completely eliminated. 

Compaction, Stabilization, Sedimentary, Formation, Composite, Material, Palm Kernel Shell. 

As soils develop over time, horizons form a soil profile and most soil profiles cover the earth as two main layers namely topsoil 
and subsoil. Soil horizons are the layers in the soil as you move down the soil profile and each profile may have soil horizons that 
are easy or difficult to distinguish. Most soils exhibit three main horizons, namely, (1) “A” horizon which contains humus-rich 
topsoil where nutrients, organic matter and biological activity are highest. This horizon is usually darker than other horizons 

rich subsoil and is often less fertile than the topsoil but 
holds more moisture. It generally has a lighter color and less biological activity than the “A” horizon. Texture may be heavier than 
the “A” horizon too. (3) The “C” horizon underlying weathered rock (from which the “A” and “B” horizons form). The properties 

use potential. Most of the time, the existing natural soils are 
not strong enough to carry the design traffic load, therefore, the soil on which these transport facilities are built must therefore be 
improved on in order to ensure longevity, safety and convenience of the end users. It is therefore the responsibility of the design 
engineer to provide an improvement for these soils by stabilization. The use of conventional stabilizing agents have improved the 

ncrease, the need therefore arise for 
product of palm tree fruits. These fruits are commonly found in tropical countries 

which are classified as Agriculture wastes, are commonly dumped openly causing environmental hazard. Sometimes there is need 
to stabilize the prevalent soil on site and here, the cost of stabilization is determined to a large extent from the optimal quantity of 

seek a suitable complementary substitute for 
lateritic soil which can readily be available and easily upgraded by stabilization. This will reduce the quantity of borrowed lateritic 

t direction. Laterite soils have high clay content, which mean 
holding capacity than sandy soils. It is because the particles are so small the 

to the soil slowly. Palms are less likely to suffer from drought 
Nnochiri, et al.. (2017) study the effects of palm kernel shell ash on lime-stabilized 

stabilization of lateritic soil with pulverized palm kernel shell for 
strength characteristics determination of palm kernel shell ash in 

Ikumapayi and Akinlabi, 2018; Olutaiwo and Johnson, 2018; Olarewaju, 

The lateritic soil used in this study was taken on the sedimentary formation located at Abalabi (53’ 13.758”N, 7’ 59.994”E), 
Ilaro road, Ogun State, Nigeria and palm kernel shell wastes were taken from oil palm 

Owode Road, Ilaro, Ogun State, Nigeria. The palm kernel shells were broken into pieces 
passing through 5mm sieve and then substituted for lateritic soil in the range of 0% to 50% at 5% intervals for compaction test 
while 0% palm kernel shell substitution served as control experiment. In line with BS 1377 (1990), compaction tests were carried 
out on the composite materials to determine the various optimum moisture contents and maximum dry densities at different test 

Brian, 1980; Bowles, 1981). 
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Figure 1: (a) Palm kernel shells and palm kernel shells passing 5mm sieve; (b) Sedimentary formation (lateritic soil) 
Ajegunle, Papalanto

 
Results and Discussion 
The results of moisture content against test water content for varying degrees of palm kernel shell substitution in lateritic s
density against test water content for varying degrees of palm kernel shell substitution in lateritic soil; dry density a
water content for varying degrees of palm kernel shell substitution in lateritic soil; maximum dry density against palm kerne
substitutions and lastly optimum moisture content against palm kernel shell substitutions are presented in Figs
respectively. From the results shown in Figures 2, 3 and 4, the moisture content, bulk density and dry density increases as t
water content increases but reduction of bulk and dry densities observed fro
kernel shell substitutions. In addition, from the results, as the palm kernel shell substitution in lateritic soil increa
density reduces while the optimum moisture content increases
shell substitution, i. e. 100% lateritic soil) has the highest value of maximum dry density of 2.2 g/cm
density value of 1.5 g/cm3 was observed at 50% palm kernel shell sub
of 10% while 25% optimum moisture content was observed at 50% palm kernel shell substitution. In the case of 25% palm kernel 
shell substitution, maximum dry density of 1.9 g/cm
soil). This is because palm kernel shell does not absorb water easily, i.e. the more the percentage of palm kernel shell subs
the less the amount of lateritic soil which can absorb water
shell contents increases could be traced to the fact that lateritic soil with higher palm kernel shell substitution has highe
Gravity of 2.84 compared to the lower Specific Gr
moisture content however increases as the palm kernel shell substitution increases which enables the soil particles get lubricated. 
The soil mass becomes more workable and the 
the lateritic soil. Decrease in maximum dry density and a corresponding increase in 
of palm kernel shell decrease the strength of the lateritic soil 
Johnson, 2018; Olarewaju, 2018a, b, and c).
 

Figure 2: Moisture content against test water content for varying degrees of palm kernel shell substitution in lateriti
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(a)  
alm kernel shells passing 5mm sieve; (b) Sedimentary formation (lateritic soil) 

Ajegunle, Papalanto-Ilaro Road, Ogun State (  53’ 13.758”N,  7’ 59.994”E),

e results of moisture content against test water content for varying degrees of palm kernel shell substitution in lateritic s
density against test water content for varying degrees of palm kernel shell substitution in lateritic soil; dry density a
water content for varying degrees of palm kernel shell substitution in lateritic soil; maximum dry density against palm kerne
substitutions and lastly optimum moisture content against palm kernel shell substitutions are presented in Figs
respectively. From the results shown in Figures 2, 3 and 4, the moisture content, bulk density and dry density increases as t
water content increases but reduction of bulk and dry densities observed from 8% test water content and above for all the palm 
kernel shell substitutions. In addition, from the results, as the palm kernel shell substitution in lateritic soil increa

he optimum moisture content increases (Figures 5 and 6). Furthermore, control experiment (0% palm kernel 
shell substitution, i. e. 100% lateritic soil) has the highest value of maximum dry density of 2.2 g/cm

was observed at 50% palm kernel shell substitution. The control also has the optimum moisture content 
of 10% while 25% optimum moisture content was observed at 50% palm kernel shell substitution. In the case of 25% palm kernel 
shell substitution, maximum dry density of 1.9 g/cm3 was observed and this is less than that of control experiment (100% lateritic 
soil). This is because palm kernel shell does not absorb water easily, i.e. the more the percentage of palm kernel shell subs
the less the amount of lateritic soil which can absorb water. The reduction in the value of maximum dry density as the palm kernel 
shell contents increases could be traced to the fact that lateritic soil with higher palm kernel shell substitution has highe
Gravity of 2.84 compared to the lower Specific Gravity of lateritic soil which is 2.67 (Olarewaju, 2018a, b, and c). The 

however increases as the palm kernel shell substitution increases which enables the soil particles get lubricated. 
The soil mass becomes more workable and the particles have closer contact with each other which led to reduction in strength of 
the lateritic soil. Decrease in maximum dry density and a corresponding increase in optimum moisture content

h of the lateritic soil (Nnochiri et al. 2017; Ikumapayi and Akinlabi, 2018; Olutaiwo and 
Johnson, 2018; Olarewaju, 2018a, b, and c). 

Figure 2: Moisture content against test water content for varying degrees of palm kernel shell substitution in lateriti
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 (b) 
alm kernel shells passing 5mm sieve; (b) Sedimentary formation (lateritic soil) at Abalabi, 

7’ 59.994”E), 

e results of moisture content against test water content for varying degrees of palm kernel shell substitution in lateritic soil; bulk 
density against test water content for varying degrees of palm kernel shell substitution in lateritic soil; dry density against test 
water content for varying degrees of palm kernel shell substitution in lateritic soil; maximum dry density against palm kernel shell 
substitutions and lastly optimum moisture content against palm kernel shell substitutions are presented in Figs. 2, 3, 4, 5 and 6 
respectively. From the results shown in Figures 2, 3 and 4, the moisture content, bulk density and dry density increases as the test 

8% test water content and above for all the palm 
kernel shell substitutions. In addition, from the results, as the palm kernel shell substitution in lateritic soil increases, maximum dry 

s 5 and 6). Furthermore, control experiment (0% palm kernel 
shell substitution, i. e. 100% lateritic soil) has the highest value of maximum dry density of 2.2 g/cm3 and lowest maximum dry 

stitution. The control also has the optimum moisture content 
of 10% while 25% optimum moisture content was observed at 50% palm kernel shell substitution. In the case of 25% palm kernel 

this is less than that of control experiment (100% lateritic 
soil). This is because palm kernel shell does not absorb water easily, i.e. the more the percentage of palm kernel shell substitution, 

The reduction in the value of maximum dry density as the palm kernel 
shell contents increases could be traced to the fact that lateritic soil with higher palm kernel shell substitution has higher Specific 

avity of lateritic soil which is 2.67 (Olarewaju, 2018a, b, and c). The optimum 
however increases as the palm kernel shell substitution increases which enables the soil particles get lubricated. 

particles have closer contact with each other which led to reduction in strength of 
optimum moisture content implies that addition 

Ikumapayi and Akinlabi, 2018; Olutaiwo and 

 
Figure 2: Moisture content against test water content for varying degrees of palm kernel shell substitution in lateritic soil 
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Figure 3: Bulk density against test water content for varying degrees of palm kernel shell substitution in lateritic soil 

 
 

 
Figure 4: Dry density against test water content for varying degrees of palm kernel shell substitution in lateritic soil 
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Figure 5: Maximum dry density against palm kernel shell substitutions 

 
 

 
Figure 6: Optimum moisture content against palm kernel shell substitutions 

 
Conclusion 
Investigations on compaction characteristics of palm kernel shell stabilized sedimentary formation were studied using percentage 
substitutions ranging from 0% to 50% replacement in lateritic soil with 0% serving as control experiment. The maximum dry 
density of stabilized lateritic soil from 0% to 50% palm kernel shell substitution with 2% test water content increment were 
compared with lateritic soil 0% palm kernel shell substitution (i. e. control). Based on the results of this study, 0% palm kernel 
shell substitution (i. e. control experiment) has the maximum dry density value while 50% palm kernel shell substitution has the 
maximum optimum moisture content value. In addition to this, increase in palm kernel shell substitution reduces the density of the 
composite material. Therefore, it is a possible solution to safe disposal of the agro allied waste (Nnochiri et al. 2017; Ikumapayi 
and Akinlabi, 2018; Olutaiwo and Johnson, 2018; Olarewaju, 2018a, b, and c). 
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