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Abstract
Freeways (rural roads) are transportation facilities for movement of goods and people in
trucks, automobiles and buses at desirable speeds in the country side between cities,
towns and suburbs. The intensity (frequency) and loads (often overloaded in magnitude)
on these roads necessitate the provision of high strength pavement structure with zero
and/or low maintenance needs especially in areas substantially characterized with weak
and poor subgrades, which are loose and/or settlement prone. This paper presents the
rationalization of palm kernel shell wastes as coarse aggregates for the provision of rigid
pavements that are environmental friendly, structural efficient and cost effective freeways
in the rural and coastal areas where aggregates are in short supply and palm kernel
waste dumps abound with consequential disposal and environmental pollution
challenges. The appropriateness of the various nominal mixes of the ‘palm kernel shell
concrete’ as rigid pavement was evaluated accordingly at both fresh and matured ages
with corresponding costs. The Nigerian palm kernel shell satisfies the density criterion for
normal concrete and lightweight concrete in all respects while the palm kernel shell
1
concrete at nominal mixes of 1:1 /2:3 and 1:1:2 satisfies the specifications for rigid
2
pavement. In addition, the cost of producing PKS concrete/m for all levels of traffic and
mix proportions is cheaper than those of normal concrete and asphaltic concrete. It was,
therefore, recommended as a strategic and way forward of producing environmentally,
healthy, structural and cost effective pavement for transportation of goods on freeways.
Keywords: Palm kernel shell, rigid pavement, freeways, cost model, lightweight
concrete.
1.0 Introduction
Freeways (from two-lane to multilane rural roads) are developed in the country sides to
carry motorized traffic of goods and people to or within cities, towns, and suburbs, which are also
classified as local, collector, or arterial roads. The rural roads make up 8 percent of total rural-road
mileage in Canada and with extensive overloading of the axles implying imposition of stresses on
the structures of the pavement (Microsoft Encarta, 2010). Most of the goods trucks on rural
freeways are overloaded beyond the legal limits (Bilewu and Ayanshola, 2011). The most
appropriate and cost effective technology to support high stresses imposed from heavy and
overloaded axles has been certified to be either the heavy load concrete (rigid) pavement, the
small element or the stelcon slabs (Yusuf, 2005 and Yusuf and Jimoh, 2009).
The coastal areas are either characterized by compressive settlement prone, and loose
and/or sandy soil formations, which are also covered with swamps leading to existence of weak
subgrades and challenges in road construction (Miller, 2005). Also, geology of the coastal areas
does not support the existence of crystalline rock formation (McMacNaughton, 2004). However,
gravel, the main coarse aggregate fraction in the provision of concrete slab for a pavement
structure has to be transported through long distances because of the criticality in availability.
Hence, the need for the usage of alternate materials, which may not be in abundance and/or near
to the region, is most desirable for a cost effective provision of pavement in such area (Yusuf and
Jimoh, 2009). Health safety environmental (HSE) friendliness components constitute part of the
decision parameters in the holistic developments of roads in addition to economy (Naik and
Mariconi, 2005).
There is also an environmental and cost impact of waste concrete (in transporting the
waste concrete away from the site and the need for valuable space for landfills). The huge potential
to reuse the hitherto waste palm kernel shell materials as new aggregates (Bairagi et al, 1998) with

increase sustainability (conservation) of aggregate resources (Hansen and Hedegard, 1984 and
Oikonomou, 2003) instead of virgin aggregates are added advantages in the decrease of energy
consumption and increases cost savings (Federal Highway Administration, 2004), thereby making
the aspiration of developing cheaper freeways realizable. Thus, palm kernel shells, which are
derivable in large quantities in the rural areas of the southern parts of Nigeria and whose disposal
has continued to constitute major environmental problems shall be cost effective and appropriate in
the provision of rigid concrete pavements for freeways over very weak subgrades. The successful
demonstration of the appropriateness of the palm kernel shell concrete for the construction of rigid
pavement to carry the extensive overloaded rural freeways shall be a worthwhile strategy in
resolving challenges of roadways in the rural areas with poor weak subgrades. The objectives are:
(i) To establish the availability of coarse aggregates (in terms of cost) in relation to nearness to
the rural areas.
(ii) To characterize palm kernel shell as coarse aggregate for concrete on freeways.
(iii) To determine the appropriate nominal mixes for palm kernel shell rigid pavement for freeways.
2.0 Materials and Methods
2.1 Materials
Palm kernel shell (Abiola, 2006) is the hard endocarp of palm kernel fruit that surrounds
the palm kernel seed of the oil palm tree (Elaeis guineensis). The palm kernel tree is native of West
Africa as well as widely spread throughout the tropics. It grows to about 9 metres in height and
characterized with a crown of feathery leaves that are up to 5 mm long. Flowering is followed by
the development of cluster of egg-shaped red, orange or yellowish fruits, each about 3 cm long.
Palm kernel shells are obtained as crushed pieces after threshing or crushing to remove the palm
seed after the production of palm kernel oil. In the process of extraction from the ripe, fresh fruit
bunches at the mills, solid residues and liquid wastes are generated (Olutoge, 1995). These byeproducts include empty fruit bunches, fibres, shells and effluent with various uses; such as for
prevention of the fibres from insect attacks, in weaving baskets, and as source of energy for
domestic cooking. It is estimated that the palm kernel shell constitutes about 34.5% of a single ripe,
fresh fruit (Aragbaiye, 2007). Palm kernel shells are derivable in large quantities and their disposal
has continued to constitute major environmental problems. Plates1 and 2 show the palm kernel
fruits and the waste dumps after the oil processing.

Page 2

Plate 1: Palm kernel fruits
Plate 2: Palm kernel shell dump in Igbaye
2.2 Assessment of the Palm Kernel Shell for Pavement Works
Sieve analysis, specific gravity, water absorption capacity, moisture content, bulk density
and impact value tests were carried out on samples of palm kernel shells in accordance with the
European standard EN 932 for the physical and mechanical assessment for concrete works.
Slump, compressive strength, shrinkage, flexural strength/Modulus of rupture, splitting tensile
strength and modulus of elasticity tests were conducted to determine the strength of the palm
kernel shell concrete at varying mixes and maturity age to draw relevance for rigid pavement
works. The tests were carried out in accordance with the European standards, EN 12350 (fresh
concrete) and EN 12390 (rigid pavement). Corresponding Tables 1 and 2 respectively show the
summary of the properties of the palm kernel shells and the concrete as compared with the bench
marks.
Table 1: Evaluation of Palm Kernel Shell as Coarse Aggregate in Concrete Mix
Properties
*PKS
Specification for Aggregates Remarks-Adequacy
Aggregate **Normal
***Lightweight
Specific gravity
1.26
2.5 - 2.9
1.17 – 1.37
Lightweight agg only
Thickness (mm)
0.7 – 3.0
4 – 18
0.15 – 4.0
,,
Fineness modulus
6.24
6.57
1.5 -6.4
,,
Water absorption – 24hr (%)
13.7
<1
5.2 – 24.5
,,
Aggregate impact value (%)
5.0
9 – 20
3.6 – 11.5
,,
Aggregate crushing value (%) 6.5
11 – 24
2.8 – 13.7
,,
3
Bulk density (kg/m )
640
40 - 1600
500 - 850
Normal and
lightweight aggregate
Sources: * field (study) results; ** Okpala, 1990.
.
Table 2: Evaluation of Mechanical Strength of Palm Kernel Shell Concrete
S/N Property at 28 days
Specifications
***PKS Concrete at 28 days for mix
1
*Normal
**Lightweight
1:3:6
1:2:4
1:1 /2:3
Aggregate
aggregate
3
1.
Density (kg/m )
2240 – 2400 1700 -2050
1328
1600
1777
2.
Compressive strength
2
(N/mm )
20 – 40
15 – 25
7.40
12.32
20.10
3.
Modulus of Rupture
2
(N/mm )
2.76 – 4.56
1.50
2.00
2.40
 4.45
4.
Tensile strength
2
(N/mm )
1.5 – 3.2
0.70
1.10
1.40
2–5
5.
Modulus of Elasticity
2
3
3
3
3
(N/mm )
1.79 x 10
3.14 x 10
5.37 x 10
 2.8 x 104 0.75-9.2 x 10
Source: *Rigid Pavement Design Manual (2009), **Mohd et al (2008),
*** Yusuf (2010).
Figure 1 shows the compressive strength trend of the palm kernel shell concrete with respect to age for four
1
nominal structural mixes (1:1:1, 1:1 /2:3, 1:2:4 and 1:3:6) evaluated.
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Figure 1: Compressive strength development of PKSC
2.3 Life Cycle Cost Analysis for PKS Concrete
Field (market) survey conducted to obtain prices of materials (Ilorin, 2011) required for
construction, maintenance and rehabilitation of PKS concrete pavement are shown in Table 3.
Table 3: Prices of Base Course Materials as at June, 2011.
Material
Crushed Granite
Cement
Sharp Sand
Asphaltic Concrete
PKS

Price
N3,500.00/ton
N1,800.00/bag
3
N1,845.00/m
2
N3,500.00/m of 50mm thickness
Free

Table 4: Recommended Rigid Concrete Pavement Thicknesses for the Three Levels of Vehicle
Traffic
Level of Vehicle Traffic Rigid Concrete Thickness (mm) Asphaltic concrete Thickness (mm)
Low
50
35
Medium
100
60
High
200
100
Source: Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement Structures
(2004)
Applying the costs of materials, the respective prices for the production of normal concrete mixes of
1
3
3
3
1:3:6, 1:2:4, 1:1 /2:3 and 1:1:2 were calculated as N14,322.58/m , N18,771.39/m , N22,470.32/m
3
and N29,493.59/m respectively, while the cost of producing PKS concrete of the same mixes were
3
3
3
3
calculated as N11,827.78/m , N16,389.99/m , N20,230.67/m and N27,433.49/m correspondingly.
3
The cost of asphaltic concrete is N70,000.00/m The estimates allowed for overhead and labour
elements of 35%. The prices per square metre were determined using the recommended
thicknesses for various levels of traffic in Table 4. The results are summarized in Table 5.
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Table5: Unit Cost Of Concrete Mixes (N/m )
Traffic
Mix Proportions
1
Level
1:3:6
1:2:4
1:1 /2:3
Low
Normal PKS
Normal PKS
Normal PKS
Conc.
Conc
Conc.
Conc. Conc.
Conc.
Low
716
591
939
820
1,124
1,012
Med
1,432
1,183
1,877
1,639
2,247
2,023
High
2,865
2,368
3,754
3,278
4,494
4,096

1:1:2
Normal PKS
Conc.
Conc.
1,475
1,372
2,949
2,743
5,487
5,447

Asphaltic
Concrete
2,450
4,200
7,000

3.0 Results and Discussions
3
The results in Table 1 show that specific gravity of 640 kg/m obtained for palm kernel
aggregate confirms its adequacy as both a normal aggregate and lightweight aggregate while the
other properties certify only a lightweight aggregate. The mechanical properties of PKS concrete
for all mix proportions at age 28 days (Table 2) indicates it can be used as a lightweight concrete.
However, the values of the mechanical strength for all mix ratios increase with age reflecting the
same behaviour as for normal concrete. The density of the normal concrete is in the order of 22003
3
2600 kg/m , while the lightweight concrete has density ranging from 300-1850 kg/m . Lightweight
3
structural concrete is considered to be a material of specific weight not more than 18.06 kN/m and
2
developing a compressive strength not less than 17 N/mm . Palm kernel shells can be used as
aggregate substitution for a grade 20 lightweight structural concrete, which is achievable at higher
1
nominal mixes of 1:1 /2:3 and 1:1:2.
The slump of concrete decreased with nominal mixes as the proportion of the palm kernels
increases. For instance, the nominal mix of 1:1:2 with slump of 10 cm is more workable compared
to any other nominal mix. The mechanical strength results (Table 2) show that nominal mixes of
1
2
1:1 /2:3 and 1:1:2 respectively have compressive strengths of 20.10 and 21.24 N/mm and
3
densities of 1777 and 1817 kg/m at 28 days correspondingly. This compressive strength values
2
are greater than 17 N/mm , the 28-day minimum specified strength by ASTM-77 for structural
lightweight concretes. The results data of Table 2 show that the values of modulus of rupture and
splitting tensile strength follow a similar trend as that of the compressive strength, all further
indicating that the behaviour of a vegetative lightweight concrete is essentially similar to that of a
conventional rigid concrete pavement.
As lightweight structural concrete, palm kernel shell waste can, therefore, be recycled in
rigid pavement works for freeways with very poor subgrade. Moreso, The cost PKS concrete per
square metre is cheaper for all levels of traffic and the mix proportions considered than the costs of
rigid concrete and asphaltic concrete per square metre. For instance, the cost of producing
1
2
2
concrete mixes of 1:1 /2:3 and 1:1:2 are N1,124/m and N1,417/m respectively using crushed
2
2
aggregates for low level of traffic while PKS concrete costs N1,012/m and N1,371/m respectively
2
for the two mixes. The corresponding cost of asphaltic concrete is N2,450/m . The case is the
same for the medium and high levels of traffic.
The use of palm kernel shell or other waste materials should be encouraged as it provides
many advantages, which amongst others include:
(i) Prevention/reduction of the opening of new mines for coarse aggregates (gravel materials) and
cost of vehicle damage in the vicinities because of the availability of an alternative source.
(ii) Ensuring reduced conflict as well as cost for siting landfills for PKS.
(iii) Provision for the development of new business opportunities and jobs.
(iv)
Enhancement of reduction in the cost of construction.
4.0 Conclusion and Recommendations
4.1 Conclusion
As an outcome of this study, it can be concluded that:(a) There is great benefit in the recycle of palm kernel shells for rigid pavements for freeways on
very poor subgrade, which are in abundance in the absence of mechanically produced
aggregates.
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(b) The compressive strength of lightweight concrete with palm kernel shell as coarse aggregate
(palm kernel shell concrete) increases with age and as the mix proportion increases, but only
2
1
appropriate at a value of 12.0–21.2 N/mm for concrete pavement works at 1:1 /2:3 and 1:1:2
nominal mixes.
(c) The use of PKS concrete is a cheaper method for provision of rigid pavement as freeways for
high stresses imposed by the overloaded goods vehicles on very weak subgrades in swampy
areas.
(d) Environmental pollution caused by indiscriminate dumping of PKS as waste can be reduced
when used as alternative coarse aggregates in pavement works.
(e) The ideal pavement for freeways is the rigid concrete pavement which is cheap in construction,
lasts longer with little or no maintenance requirements in comparison with the asphaltic
concrete pavements.
4.2 Recommendations
(i) With the paucity of funds in developing countries for construction purposes, the use of wastes
should be encouraged in the neighbourhood where the critical and desired materials are scarce,
which also has appreciable value for environmental impact aspect of road development.
(ii) Studies on the response of PKS concrete pavement to dynamic loadings, other performance
1
indicators and cost effectiveness at mix proportions of 1:1 /2:3 and 1:1:2 are desirable and must
be further conducted.
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