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ABSTRACT

High cost of Portland cement had hindered the availability of affordable infrastructure in materials as alternative
relying on locally available and otherwise wastes from agricultural produce. Utilization of agricultural by-
products as partial replacement to cement will reduce their environmental challenges and increase the
affordability of cement based infrastructures since cement constitute a major proportion of the costs. Most
agricultural by-product ashes have been found to improve the strength properties of cement based material
especially at their later ages. The durability of cement based materials such as chloride ion permeability,
porosity, water absorption and thermal conductivity is substantially improved. Nigerian agricultural sector is still
dominated by subsistence farming, however, rice husk and saw dust could be available in commercial quantity

in rice and timber mills respectively.
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1 INTRODUCTION

Concrete is a construction material made by mixing
cement, fine aggregate, coarse aggregate and
water in the appropriate proportions. It is a mixture
of paste and aggregates or rocks. The paste
consists of Portland cement and water, coats and
bond with fine and coarse aggregates. Through a
chemical reaction called hydration, the paste
hardens and gains strength to form the rock-like
mass known as concrete. Aggregate in a concrete
mix consists of coarse aggregates such as granite,
limestone or other geologic minerals and fine
aggregates such as fine sand. Cement is a
material with cohesive and adhesive properties
when mixed with water, which makes it capable of
bonding materials fragments into a compact whole
[1]. Cements are classified as calcium silicate and
calcium aluminate cement. Calcium silicate cement
is further classified into Portland and slag, while
calcium aluminate cement is classified into high
alumina and pozzolana cements [2].

A pozzolana'is a siliceous/aluminate material which
in itself has little or no cementitious value, but
which will in finely divided form and in the presence
of moisture, chemically reacts with calcium
hydroxide liberated during the hydration of Portland
cement to produce stable, insoluble cementitious
compound which contributes to its strength and
impermeability [3]. Calcium hydroxide [Ca(OH),] or
lime is one of the hydration products of Portland
cement and it greatly contributes towards the
deterioration of cement composites. When a
pozzolana is blended with Portland cement , it
reacts with the lime to produce additional calcium-
silicate-hydrate (C-S-H), which is the main
cementing compound. Thus the pozzolanic
material reduces the quantity of lime and increases
the quantity of C-S-H. Therefore the cementing
quality is enhanced if a pozzolana is blended in
suitable quantity with Portland cement [4 - 7].

Supplementary cementitious materials have been
proven to be effective in meeting most of the
requirements of durable concrete and blended
cements are now used in many parts of the world
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[8]. Agricultural by-products regarded as waste in
technologically underdeveloped societies could be
used as partial replacement of Portland cement to
achieve this purpose [9]. Agricultural by-product
pozzolanas have been used in the manufacture
and application of blended cements [10]. Research
indicates that agricultural by-products that are rich
in amorphous silica can be used as partial
replacement to cement [11 — 14]. [15] suggest that
soil, climatic and geographical conditions could
affect the physical and chemical properties and
consequently the pozzolanicity of agricultural by-
products.

2 ECONOMIC ASPECTS AND

ENVIRONMENTAL IMPLICATIONS.

In developing countries like Nigeria, proper
utilization of agricultural by-products has not been
given due attention. The utilization  of
supplementary cementitious materials in either
cement or concrete can compensate for
environmental, technical and economic issues
caused by cement production. Most of these
supplementary cementing materials are agricultural
by-products, and their inclusion serves as an
invaluable means to protect environmental
resources, which may result in more viable
construction in the future [16].

Portland cement as an ingredient in concrete is
one of the most widely used construction materials,
especially in developing countries. The cement
production rate of the world was estimated at 1.2
billion tons/year as at 2011, which was expected to
grow to about 3.5 billion tons/year by 2015 [17].

In cement industries, continuous attempts are
being made to reduce the cost of production of
Portland cement, to reduce the consumption of raw
materials, to protect the environment and to
enhance the quality of cement. One way is to use
certain low cost materials for partial replacement of
Portland cement clinker. Low cost materials used
are industrial and agricultural by-products. Mixture
of Portland cement and the above by-products are
known as blended cements or composite cements.
Blended cements are hydraulic binders in which a
part of Portland cement is replaced by other
hydraulic or non-hydraulic material [5].

Cement concrete is the most widely used building
material due to its satisfying performance in
strength requirements and its ability to be moulded
into a variety of shapes and sizes. Construction
work globally is increasing at alarming rate with
substantial consumption of cement in large
proportion hence the need for full or partial
replacement [18].
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The tremendous increase in building and civil
engineering construction necessitated by the need
for the provision of shelter and infrastructure for the
increasing population has consequently led to the
corresponding increase in the use of concrete.
Since the conventional concreting materials have
always been cement, sand and aggregate, the
prices of which are on the rise, a spectacular
search for replacement of the conventional
materials with locally sourced materials which are
regarded as waste has recently been on the
increase [19, 11].

The cost of building construction is increasing daily
as a result of increase in the cost of building
materials such as cement. This has prevented the
low income earners to have their own house.
Agricultural by-products pose great hazard to
environment and man as a result of improper
management, even when these material are burnt,
they release carbon-monoxide to the atmosphere
which deplete the ozone layer. If these materials
are processed, they may be suitable for
construction purposes [20, 21].

The pollution associated with cement production,
has necessitated a search for an alternative binder
which can be used solely or in partial replacement
of cement in concrete production. Disposal of
agricultural by-products have constituted an
environmental challenge, hence the need to
convert them into useful materials to minimize their
negative effect on the environment [22].

Globally, approximately 600 million tons of rice
paddy is produced each year. On average 20% of
the rice paddy is husk, giving an annual total
production of 120 million tons. In the majority of
producing countries much of the husk produced
from the processing of rice is either burnt or
dumped as waste. Ordinary Portland cement
(OPC) is expensive and unaffordable to a large
portion of the world’s population. Since OPC is
typically the most expensive constituent of
concrete, the replacement of a proportion of it with
RHA offers improved concrete affordability,
particularly for low-cost housing in developing
countries [23, 24]. The partially burnt rice husk
contributes to environmental pollution [15].The rice
husk thereby constitutes an environmental
nuisance as they form refuse heaps in the areas
where they are disposed. The use of rice husk ash
as partial replacement to cement will provide an
economic use of the by-product and consequently
produce cheaper blocks for low cost buildings [25].
Corn cobs are agricultural by-products which are
dumped as waste in large quantities during corn
season and they impose hazards to the
environment in open dumps located in most cities
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in Nigeria.The utilization of corn cob for production
of concrete will go a long way in not only the
reduction of overall cost of the concrete but also
reduce the quantity of the waste in the environment
[26]. Corn cob ash (CCA) could be used as a
pozzolana to mitigate on the cost of cement and its
negative impacts on the environment [27].
According to [28], the use of plant ashes such as
saw dust ash, maize cob ash and sugarcane
bagasse ash as cement replacement should be
encouraged for use in concrete to reduce
environmental degradation associated with mining
of cement manufacturing materials. This would
also reduce construction budget associated with
the high cost of cement since blended concrete of
higher strength can be made with longer curing
periods.

3 STRENGTH PROPERTIES

The use of pozzolana can lead to increased
compressive and flexural strengths [29]. 5-20%
replacement of cement with RHA helps the
concrete in possessing desirable compressive
strength and flexural strength [30]. Portland cement
could partially be substituted with ungrounded RHA
to level of 17.5% to produce sandcrete blocks as
building units [31]. RHA is highly pozzolanic and
can be used as a supplementary cementing
material to produce high strength concrete [32].
The usual reduction of slump of fresh concrete
associated with the use of RHA in concrete can be
reduced by presoaking RHA in equal mass of
water prior to mixing [33].

Residual RHA provides a positive effect on the
compressive strength of concrete at early ages, but
the long term behaviour was more significant. Also
the result of splitting tensile strength reveals the
pozzolanic effect for concrete with residual RHA
[34].

Investigation on the strength of high strength rice
husk ash cement concrete show that RHA can be
an alternative material in the production of high
strength concrete since it can be produced at a
much lower cost [35].

The higher compressive strength of the RHA
concrete compared with that of the control is due
probably to the reduced porosity, reduced Ca
(OH), and reduced width of the interfacial zone
between the paste and the aggregate [36].

RHA at a low specific surface was reactive in
normal strength concrete, thus indicating that
commercial mill could be used to produce RHA for
concreting [37].
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[38] investigated the influence of particle size and
specific surface area on the pozzolanic activity of
residual rice husk ash and found that the
pozzolanic activity of RHA evaluated by
compressive strength tests correlated to particle
size through an inverse log-linear relationship.

The strength variation of OPC-RHA composite
suggest that with good quality control of the
concreting process, 5% to 30% OPC replacement
with RHA could be suitable for reinforced concrete
works and 35% to 50% for minor works in concrete
[39].

RHA concrete can be effectively used as light
weight concrete for the construction of structures
where the weight of structure is of supreme
importance [40].

Agricultural by-products such as corn cob ash
(CCA) shows good pozzolanic property in the
production of sandcrete blocks [41].

Granulate corn cob, without containing any corn, is
proposed as an alternative organic aggregate
lightweight concrete. It may also be suitable for
non-structural application purposes [42].

[43] evaluated blended cement mortar, concrete
and stabilized earth made from ordinary portland
cement (OPC) and corn cob ash (CCA) and found
that there is no significant difference between the
strength of concrete produced with 0.0% and
20.0% CCA. Also Portland cement replaced by
weight with CCA produces stabilized clay and
laterite exhibiting greater strength than plain
cement stabilized earth.

[44] investigated the strength development of corn
cob ash cement concrete, the result show that the
compressive strength of 10% CCA replacement
concrete at 60 days was 3.3% greater than the
strength of the conventional concrete. With addition
of 2% superplasticizers, the 28 days compressive
strength of 10% CCA replacement was 7% greater
than the strength of the conventional concrete. The
strength was increasing with respect to increase of
curing days and decreasing with increase of CCA
percentage. Workability of CCA concrete mix
decreased with increase of CCA percentage, so it
required more water to make the mix more
workable.

[27] on the viability of using corn cob ash as a
pozzolana in concrete inferred that the CCA used
did not satisfy the minimum chemical compaosition
requirement for pozzolanic material of SiO, + Al,O4
+ Fe,03; = 70%, it satisfied the requirement of SiO,
content of not less than 25%. The chemical
composition of CCA can however be improved by
incinerating corn cobs under controlled conditions.
The compressive strength and sulphate resistance
tests showed good prospects, with strengths
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capable of structural application being observed
over all replacements.

[45] studied the strength characteristics of laterized
concrete with corn cob ash (CCA) blended cement
and found that concrete made with 10% CCA has
the optimum flexural and compressive strength
compared to other replacement levels of CCA and
can thus be recommended for use in low cost
housing construction.

[46] studied the strength properties of corn cob ash
concrete and inferred that corn cob ash do not
attain their design strength at 28 days and that the
strength of CCA concrete is dependent on its
pozzolanic activities.

[47] investigated the strength characteristics of
binary blended cement concrete made with
ordinary Portland cement and each of eight
agricultural by-products in South Eastern Nigeria
namely rice husk ash (RHA), saw dust ash (SDA),
oil palm bunch ash (OPBA), cassava waste ash
(CWA), coconut husk ash (CHA), corn cob ash
(CCA), plantain leaf ash (PLA) and paw-paw leaf
ash (PLA). They found that all eight agricultural by-
products are reasonably pozzolanic since the fix
some quantities of lime over time thereby reducing
the alkalinity of their mixture with calcium hydroxide
as reflected in smaller titre values recorded over
time compared to the blank titre. They however
recommended that structural elements constructed
with blended cement concrete should be allowed a
longer time before loading as it takes a longer time
to attain adequate strength than 100% OPC
concrete.

Comparative analysis of properties of rice husk ash
(RHA), corn cob ash (CCA) and sheanut shell ash
(SSA) in concrete production show that all the
three materials are suitable for use as pozzolana
[48].

[49] on the use corn cob ash (CCA) and saw dust
ash (SDA) as cement replacement in concrete
works recommended its use in plain concrete and
non-load bearing structure and that 10% CCA-SDA
replacement is adequate for maximum benefit of
strength gain.

[50] investigated the effect of palm bunch ash on
concrete properties and inferred that there is a
decrease in compressive, flexural and split tensile
strengths at 7 and 28 days as the palm bunch ash
(PBA) content is increased. Optimum cement
replacement with PBA occurs at 5% PBA
replacement level.

[51] investigated coconut shell ash (CSA) as patrtial
replacement of ordinary Portland cement in
concrete production, they found that 10 to 15%
partial replacement of OPC with CSA using water
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cement ratio of 0.5 are suitable for production of
both normal and lightweight concrete.

A possibility exists for the partial replacement of
sand and granite with saw dust and palm kernel
shell in the production of lightweight concrete.
However, organic materials are subject to
deterioration over time hence saw dust and palm
kernel shell should be regularly maintained and
replaced when necessary [52].

[53] reviewed the impact of saw dust and crushed
waste glass in the properties of sandcrete blocks.
[54] investigated the pozzolanic properties of
bamboo leaf ash (BLA) in a bleneded Portland
cement. [55] studied the performance of coconut
shell ash and palm kernel ash as partial
replacement for cement in concrete. [12]
investigated the suitability of saw dust ash —lime
mixture for production of sandcrete block and
inferred that saw dust ash has a fairly significant
effect on the compressive strength of sandcrete
blocks.

Saw dust concrete can be used as lightweight
concrete with a satisfactory strength performance.
A study of the flexural and compressive strength
characteristics of cement-cassava peel ash (CPA)
blended concrete show that CPA appears to
contribute to late strength development of concrete
when up to 15% by weight of cement is used as
indicated by the Strength Activity Index (SAIl) which
is.above minimum recommended of 75% at 28
days and above [56].

[57] investigated the effect of utilizing locally
available lateritic soil on strength behaviours of
concrete under short term hydration with the
addition of locally available pozzolanic cassava
peel ash partly replacing cement.

[58] studied saw dust ash as partial replacement to
cement and found that the compressive strength of
concrete at 5% replacement with saw dust ash was
higher than that of the normal concrte at 7days and
28days of curing.

[59] on the feasibility of using sea shell ash as
admixtures for concrete inferred that cement can
be replaced partially up to 10% by weight of
periwinkle shell ash, 15% by weight of oyster shell
ash and 20% of snail shell ash in mortar cubes
without the strength being affected. [60]
investigated the uses of saw dust ash as admixture
in the production of low cost and light weight hollow
blocks. [62] worked on the use of coconut fibre ash
as a partial replacement for cement. [62]
developed a polynomial regression model for
predicting the compressive strengths for bagasse
ash concrete.[63] investigated the use of saw dust
ash (SDA) as partial replacement for ordinary
Portland cement in sandcrete blocks and inferred
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that up to 10% SDA replacement is adequate for
use in sandcrete blocks for non-load bearing wall in
buildings. [64] conducted a review of the
experimental study on concrete by partial
replacement with coconut shell ash (CSA) and
palm kernel shell ash (PKSA) and found that partial
replacement of cement with 20% PKSA and CSA
in concrete gives an average optimum
compressive strength at 28 days, which is suitable
for both light weight and normal concrete
respectively. [65] investigated the strength of
blended cement sandcrete and soilcrete blocks
containing cassava waste ash (CWA) and plantain
leaf ash (PLA) and inferred that the OPC-CWA and
OPC-PLA binary blended cement could be used in
producing sandcrete and soilcrete blocks with
sufficient strength for use in building and minor civil
engineering works where the need for high early
strength is not a critical factor.

[66] on the replacement of cement with saw dust
ash (SDA) stated that up to 10% SDA substitution
is allowed at maximum and 5% substitution is
adequate to enjoy maximum benefit of strength
gain. [67] conducted an experimental study on
partial replacement of fine aggregate with quart
dust and saw dust. According to [68], groundnut
shell ash can be used as partial replacement of
cement in sandcrete block to achieve a satisfactory
compressive strength at about 20% of compressive
strength at about 20% of the binder quantity.

[69] investigated groundnut shell ash as partial
replacement of cement in concrete and
recommended a replacement of 2.5% of cementin
concrete.

4 DURABILITY PROPERTIES

The durability of blended cement is higher than the
ordinary Portland cement [4]. RHA cement
concrete has excellent resistance to chloride ion
penetration [32]. [33] found prospects in durability
properties of concrete at 5% RHA content. The
reduced permeability reveals the significance of the
filler effect for concrete with residual RHA [34].
Highly reactive silica ash produced by incineration
of rice husk ash can be successfully used in mass
concrete requiring high strength without excessive
rise in adiabatic temperature [70].

[71] studied the characteristics of rice husk ash
(RHA) concrete including the durability aspects
such as chloride ions permeability, porosity and
pore structure and found that using RHA improved
the properties of concrete. Introduction of up to
10% CCA in cement mixture reduces the thermal
conductivity. This can enhance insulation
properties of the mortar for building construction
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[72]. Corn cob ash (CCA) could be used with
advantage in Na, SO, aggressive environments.
The sulphate resistance of CCA specimens could
be attributed to low level of CaO and low ratio of
SO3/AILO; [27]. [73] studied the corrosion
performance of rice husk ash blended concrete
and found that incorporating RHA up to 30%
replacement level reduces the chloride penetration,
decreases permeability, improves strength and
corrosion resistant properties. [6] studied the
pozzolanic properties of rice husk ash by
hydrochloric acid pretreatment and found that with
hydrochloric acid pretreatment of rice husk, the
pozzolanic activity of RHA is not only stabilized, but
also enhanced; the sensitivity of the pozzolanic
activity of the RHA to burning conditions is
reduced. Incorporation of corn cob ash (CCA) in
blended cement mortar cubes decreases the
thermal conductivity and improves the insulation
properties of the specimens. The implication is that
the use of CCA —blended cement in mortar used
for plastering and floor screeding would improve
the thermal comfort in buildings thereby reducing
the cost of energy required for cooling thus, leading
to energy conservation [17]. [43] evaluated blended
cement mortar, concrete and stabilized earth made
from ordinary portland cement (OPC) and corn cob
ash (CCA) and found that replacing 20.0% of
cement with CCA in concrete mix and mortar
improves water absorption and durability of the
specimens. Also Portland cement replaced by
weight with CCA produces stabilized clay and
laterite exhibiting lower thermal conductivity and
lower water absorption than plain cement stabilized
earth. [74] investigated the durability of concrete
produced using blended cement, which
incorporates CCA as a pozzolana. They found that
the addition of CCA reduces the water absorption
of concrete specimens, optimum reduction
occurred at 10% CCA replacement for 1:1.5:3 and
1:2:4 mix proportions and 15% CCA replacement
for 1:3:6 mix proportion. The resistance of the
mortar cubes to chemical attack was improved as
the addition of CCA up to 15% replacement caused
a decrease in permeability. [75] investigated the
effect of bamboo leaf ash blended cement on
engineering properties of lateritic blocks and
inferred that resistance to water penetration was
good with lateritic blocks produced with 5 to 15%
cement substitution but not so good for higher
levels of substitution.
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5 CONCLUSION AND

RECOMMENDATION

Most agricultural by-products are generally
pozzolanic with good prospects as partial
replacements to cement in concrete, sandcrete and
other areas of applications. They have been found
to improve the compressive and flexural strengths
especially at later days of curing and the durability
properties such as chloride ion permeability,
porosity,  water absorption and thermal
conductivity. Utilization of agricultural by-products
as partial replacement to cement will reduce their
environmental challenges and increase the
affordability of infrastructures since cement
constitute a major proportion of the costs.
According to the agricultural poll conducted in
2016, Nigeria’s agricultural sector is still dominated
by subsistence farming. Rice husk and Saw Dust
have adequate cluster and could be available in
commercial quantity in rice and timber mills
respectively, but in terms of material composition,
saw dust may not give a reliable result as there is a
need to study the chemical and physical properties
of the various tree species from which the ashes
used is gotten. This will show the difference in
composition and pozzolanic activity if any, among
the ashes of different tree species.
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