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ABSTRACT

Article History:

In this paper, mathematical models were developed using stress strain relations to predict the
compressive strength of concrete produced with partial replacement of cement with rice husk ash.
The water absorption property was also predicted but based on the assumption that the amount of
water absorption in concrete is dependent on the volume fraction of rice hush ash used as partial
replacement. Both the compressive strength and water absorption compared favourably with the
experimental values and both decreased with increase in rice husk content. The coefficient of
correlations were very high for both the compressive strength and water absorption (0.934, 0.946)
showing that the proposed model can be used as a tool in the prediction of mechanical properties
of concrete produced with replacement of cement with rice husk ash.
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INTRODUCTION

Model Development

Projects where concrete is being made use of as a structural
material are hardly achievable by both urban and rural
dwellers because of increasing cost of cement as one of the
construction materials. As a result, any material that can be
used a partial replacement for cement in concrete production
will go a long way to making concrete production cost
effective [1-8]. The use of ash obtained from some agricultural
wastes has been shown to improve the mechanical properties
of concrete [9]. Rice husks is an agricultural waste. Even
though it is used as fuel in some areas of the world are a
source of environmental pollution. Careful use of this
agricultural waste can profer solutions to human problems
such as housing development and others rather than being a
source of environmental pollution. Rice husk ash is highly
pozzolanic and very suitable for use as Portland cement in
concrete production. Rice husk ash is indeed a partial
replacement material for cement in concrete production.
However, the failure which is associated with the use of its
concrete can be traced to missing knowledge concerning
material properties and techniques of its concrete production.
The objective of this paper is to develop analytical models to
predict the mechanical properties of risk husk ash concrete. It
is believed that research into this prediction will promote
maximum utilization of concrete made from this agricultural
wastes as partial replacement for cement.

From Hooke’s law, the generalized 2-dimensional stress-strain
relationship is given by
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The material is strained in the longitudinal direction, implying
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Equation (1) now transforms to:
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From equation (2),
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From Hooke’s law,
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From equation (5),
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Expansion of the denominator of equation (6) transforms
equation (6) to

 cc 
where
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 cc , c

Substitution of equation (8) for

 cc 
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Fig. 2: Relationship between compressive strength and Rice husk
ash content (%) for 14 days
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in equation (6) gives

 cu 1   
1 v

22.5

Compressive strength (N/mm 2)

= compressive strength of rice husk ash concrete
and mortar respectively.
v = poisson’s ratio of rice husk ash concrete = 0.30 for low
strength concrete [10].
Using rice husk ash as partial replacement for cement reduces
the compressive strength of concrete. The reduction of
strength of cement- rice husk ash mortar is given by
 c   cu   cu
(8)
Therefore,
(9)
 c   cu 1   

24.5

where

Experiment
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1   represents the volume percentage of cement in the
Compressive strength (N/mm 2)

cement-rice husk mortar. Since the total volume percentage is
equal to unity.
That is,
(11)
C   1
where
C ,   volume percentage of cement and rice husk ash
respectively.
The compressive strength of concrete made from rice husk ash
as partial replacement is predicted using equation (10). The
water absorption of the concrete is predicted based on the
assumption that the water absorption is dependent on the
volume percentage of the rice husk ash only.
Let
W A represents the water absorption and

24

23.5

23

22.5

22

21.5

21
0

2

4

6

8

10

12

14

Rice husk ash content (%)

Fig. 3: Relationship between compressive strength and Rice husk
ash content (%) for 28 days
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From the assumption that water absorption depends only on
the amount of rice husk ash present in the concrete, and using
equation (11),
 W A  M a 1   
(12)
Equation (12) is used to predict the water absorption of
concrete made from rice husk ash as partial replacement.
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The proposed analytical models were verified
experimental data obtained from literature [11].
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Fig. 4: Relationship between water absorption and Rice husk ash
content (%) for 7 days
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Figure 1: Relationship between compressive strength and Rice
husk ash content (%) for 7 days
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Fig. 5: Relationship between water absorption and Rice husk ash
content (%) for 14 days
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(ii)
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(iii)
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1.5

The compressive strength of concrete made form rice
husk ash as partial replacement decreases with
increase in rice husk content.
The water absorption decreases with increase in rice
husk content.
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The results of the experimental data and analytical models for
compressive strength at age 7, 14 and 28 days are as shown in
Figures 1-3. Figures 1-3 illustrate the relationship between
compressive strength against rice husk ash content for 7, 14
and 28 days investigation. The curves agree closely with a
very high correlation coefficient of 0.9467. F-statistic test was
also conducted and the result showed that both the
experimental and predicted results have the same variance,
showing good reliability of the proposed model. The
predicted curve showed that compressive strength decreases
with increase in rice husk ash content. This trend may be due
to the fact that the partial replacement of cement with rice
husk ash resulted in the reduction in the quantity of cement in
the mix available for the hydration process leading to
reduction in the formation of stable strength producing
cementitious compounds. The little disparity between the
experimental and predicted results may be due to
imperfections in the assumption made in the model
development. Typical results for the experimental and
analytical models at ages 7, 14, 14 and 28 days are presented
in Figures 4-6. The results agree closely with correlation
coefficient of 0.946. F-statistic test also showed that both the
experimental and predicted values have the same variance,
indicating good reliability of the model. Both the experimental
and predicted curves show that the use of rice husk ash as
partial replacement decreases the water absorption of concrete.
This trend may be attributed to the fact that the porosity of
concrete increased with increase in rice hush ash content. The
little difference between the experimental and predicted results
may be due to imperfections in the assumption made in the
derivation of the model.
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Conclusions
The following are the main conclusions drawn from the study:
(i) The 2-dimensional stress strain relationship gave a
very high correlation coefficient showing the
effectiveness of the model in the prediction of
mechanical properties of concrete made from
rice husk as partial replacement for cement.
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