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ABSTRACT 
 

The high deficit of housing in Africa occasioned by poverty, high inflation rates, high population 
growth rate and soaring costs of construction materials, makes quality housing out of the reach of 
low-income earners who make up the bulk of Africa’s population. This has led to research efforts in 
developing quality low-cost building materials such as enhanced earth blocks. This study evaluated 
the performance of rice husk-reinforced compressed earth blocks. Compressed earth blocks 
measuring 200 mm x 100 mm x 100 mm reinforced with rice husk (0-1.5%) by weight of laterite 
were produced and tested for their densities and compressive strengths after 28 days of curing. 
The results obtained revealed that the addition of rice husk to the matrix led to an increase in the 
compressive strength of the blocks.  The addition of 0.5%, 1.0% and 1.5% of rice husk resulted in a 
1.34%, 3.49% and 6.28% decrease in density and a 15.46%, 10.31% and 5.15% increase in the 
compressive strength respectively when compared with the control. The blocks may be used for 
non-load bearing applications as their compressive strengths fall below the minimum requirements 
specified for load-bearing walls by the Nigeria Building and Road Research Institute. An optimum 
reinforcement of the blocks with 0.5% rice husk is recommended. 
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1. INTRODUCTION 
 
The surge in global population has led to an 
increased demand for infrastructure resulting in 
an increased demand for building and 
construction materials like cement and natural 
aggregates. Natural aggregate reserves are 
continuously been depleted due to their 
continuous exploitation, leading to the scarcity of 
natural aggregates in some climes. 
Environmental pollution and climate change 
which are majorly influenced by the wastes 
generated from agricultural and industrial 
processes are issues of global discuss. The 
emission of carbon (iv) oxide (CO2) in the 
manufacturing process of cement, for example, is 
a major greenhouse gas that contributes to the 
depletion of the ozone layer (Yunusa et al., 2022; 
Onugba et al., 2023). 
 
Quality infrastructure such as housing is integral 
to human sustenance as it is the second basic 
need of man after food. Quality housing is not 
limited to the physical structure alone but 
includes all necessary facilities for the good 
health and well-being of man (Onugba et al., 
2023). Nigeria, like most developing countries, is 
currently plagued with a high deficit of housing. 
This is occasioned by poverty, high inflation 
rates, high population growth rates and soaring 
costs of construction materials, making quality 
housing out of the reach of low-income earners 
who make up the bulk of Nigeria’s population 
(UN-HABITAT; 2016).  
 
Earth blocks which constitute green building 
materials are experiencing a new popularity in 
Africa and developing countries across the globe 
due to their cost-effectiveness, availability of 
earth, ease of use, good fire resistance, low 
energy consumption, quicker and easier 
construction requiring low-skilled labour, 
adequate strength development, good acoustic 
and thermal properties, little or no environmental 
pollution in its life cycle, low waste generation, 
and its environmentally friendly (Adam & Agib 
2001; Harper, 2011; Okere 2020; Pacheco-
Torgal & Jalali, 2012; Riza et al., 2010; 
Subramanian et al., 2022). They are usually 
stabilized to improve their engineering properties. 
Typical cement-stabilized earth blocks require 
less than 5% of the energy required for the 
manufacture of similar fired clay bricks and 
concrete masonry units (Asha et al., 2020; 

Onugba et al., 2023). Agricultural waste fibres 
have over time proven to improve the mechanical 
and durability properties of earth blocks and offer 
the possibility of building more robust and 
comfortable homes in developing countries 
(Labintan, 2019). 
 
Rice husk (RH), the outer shell of rice grain is a 
waste generated by rice-processing mills. RH 
makes up about 20-22% of the weight of rice 
(Nabil et al., 2021; Okpoechi et al., 2021). About 
1.1 million metric tonnes of RH is annually 
generated as wastes in Nigeria are 
indiscriminately disposed of the environment, 
resulting in environmental pollution (Okpoechi et 
al., 2021). RH is averagely composed of about 
40-50% cellulose, 25-30% lignin, 15-20% silica, 
and 10-20% moisture content (Okpoechi, et al., 
2021). Rice husk ash (RHA), obtained from the 
burning of RH has extensively been used by 
various researchers in cement and soil 
composites. There is however little information 
about the use of RH for earth block production. 
Labintan et al. (2019) carried out a study to 
investigate the influence of rice straw on the 
physical and mechanical properties of adobes. 
The adobes comprised a mixture of sandy clay 
and different proportions (0-40%) of rice straw. 
From their findings, the shrinkage, density and 
workability of the blocks reduced as the 
proportion of rice straw in the matrix increased. 
They also observed that the mechanical 
properties (compressive, tensile and flexural 
strengths) of the blocks increased as the 
proportion of rice straw in the matrix increased. 
They recommended an optimum of 25% rice 
straw (40mm) by volume for the adobes 
produced. Verma and Sharma, (2021) studied 
the effect of marble powder, paddy straw fibres 
and sugarcane bagasse ash on the compressive 
strength and water absorption of CEBs. Marble 
powder was used to replace soil by 25%, 35% 
and 45%, paddy Straw fibre replaced soil by 
0.6%, 0.8% and 1% while sugarcane bagasse 
ash replaced soil by 8%,10% and 12%. Their 
findings reveal that as the proportion of marble 
powder increased, the dry density and 
compressive strength of the blocks increased 
while the water absorption reduced. However, as 
the proportion of paddy straw fibre and 
sugarcane bagasse ash increased, the dry 
density and compressive strength of the blocks 
reduced while the water absorption increased. 
Bazuhair (2023) evaluated the effects of rice 
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husk fibre on the properties and behaviour of 
compressed earth blocks. Different percentages 
of rice husk fibre (0.5, 1, 1.5, 2, 2.5, and 3%) 
were blended into a mixture of clay and pit sand. 
The results obtained reveal that as the amount of 
rice husk fibre in the matrix increased, the 
compressive strength, shrinkage, drying time, 
and cube crushing strength of the CEBs 
produced reduced up to about 50% while the 
modulus of rupture increase up to about 45%. 
 
The current study evaluated the effect of rice 
husk on the density and compressive strength of 
compressed earth blocks made from lateritic soil. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials  
 
The following materials were sourced and used 
in the study: 
 
2.1.1 Soil 
 
Reddish-brown lateritic soil was used for this 
research. The soil was obtained from an existing 
borrow pit at Akpataega, Idah, Kogi State, 
Nigeria, at a depth of ~1.5m. The soil was free 
from organic matter and deleterious materials. 
The soil (passing through sieve 4.75mm) was 
analysed to establish its geotechnical properties 
by BS 1377 (BSI,1990) at the Soil Mechanics 
Laboratory, Department of Civil Engineering, The 
Federal Polytechnic, Idah, Kogi State. The 
geotechnical properties are presented in Table 1. 
 

Table 1. Geotechnical Properties of the Soil 
 

TEST RESULT 

Specific gravity (%) 2.61 
% passing BS 200 sieve (0.075mm) 3.3 
Natural moisture content (%) 10.8 
Maximum dry density (kg/m3) 2066.38 
Optimum moisture content (%) 10.6 
Condition of sample Air dried 
Liquid limit (%) 29 
Plastic limit (%) 23 
Plasticity index (%) 6 
Coefficient of curvature 1.98 
Coefficient of uniformity 8.82 

 
2.1.2 Rice Husk 
 
The rice husk (RH) used for this research was 
obtained from rice mills at Egah Market in Idah, 
Kogi state. The rice husk was washed with warm 
water to remove oil and dirt, and sun-dried before 

it was used. A photograph of the rice husk 
sample used is shown in Fig. 1. 
 
2.1.3 Water 
 
Fresh, colourless, odourless and tasteless 
potable water that is free from injurious amounts 
of oils, alkalis, salts, sugar organic matter or any 
other substances, was used for this research. 
 

2.2 Experimental Investigation 
 
2.2.1 Mixture proportioning, moulding and 

testing of blocks 
 
The soil was reinforced with rice husk 
proportions of 0%, 0.5%, 1% and 1.5% by weight 
of laterite for each mix. The mix proportion of the 
specimens is presented in Table 2. Block 
specimens of size 200 mm x 100 mm x 100 mm 
were moulded from the fibre-reinforced lateritic 
soil samples. The lateritic soil and RH were 
thoroughly mixed under dry conditions after 
which an appropriate amount of water (the 
optimum moisture content) was added to the 
mixture. A total of 20 blocks were moulded with 
five blocks for each set of mix and compaction 
was done in accordance with BS 1377 
(BSI,1990). Mixing of the materials, moulding 
and compaction of the blocks was carried out 
manually. The freshly moulded blocks were 
carefully extruded in good shape on a clean, 
hard and flat surface after which they were left to 
cure under a shade for 28 days. Water was 
sprayed on the blocks once every morning and 
evening for the 28-day curing period. The density 
and compressive strength of the blocks were 
tested in accordance with BS 771-1 (BSI, 2003) 
and BS 12390-4 (BS, 2019). after 28 days of 
curing. Figs. 2a and 2b show the freshly moulded 
blocks and compressive strength test setup 
respectively. 
 

 
 

Fig. 1. Sample of rice husk used 
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Table 2. Mix proportion of the specimen 

 
Mix ID RH (Kg/m3) Laterite (Kg/m3) 

C (control) 0.00 20.63 
R1 0.10 20.52 
R2 0.21 20.42 
R3 0.31 20.32 

 

   
 

Fig. 2. (a.) freshly moulded block specimen      (b.) compressive strength test setup 

 
3. RESULTS AND DISCUSSION 
 
The results obtained are presented as follows 

 
3.1 Density 
 
The average density of the blocks produced is 
presented in Table 3 and Fig. 3. The density of 
the blocks decreased with the addition of RH to 
the matrix. The addition of 0.5%, 1% and 1.5% of 
rice husk resulted in a 1.34%, 3.49% and 6.28% 
decrease in the density respectively. The 
decrease in density may be due to a reduction in 
the compact and dense nature of the earth 
blocks because the rice husk is less dense when 
compared with lateritic soil. 

 
3.2 Compressive Strength 
 
The average compressive strength of the blocks 
produced is presented in Table 4 and Fig. 4. 
When compared to the control mix, it was shown 
that adding RH to each matrix resulted in a 
significant increase in the compressive strength 
of the blocks. However, the addition of RH in the 
matrix beyond 0.5% resulted in a decrease in the 
compressive strength. The addition of 0.5%, 1% 
and 1.5% of rice husk resulted in a 15.46%, 

10.31% and 5.15% increase in the compressive 
strength respectively.  
 

The increase in strength of the blocks upon 
addition of RH to the soil matrix may be 
attributed to the presence of lignin and silica in 
RH (Okpoechi et al., 2021; Singh 2018) which 
has been reported by Klapiszewski et al (2019) 
and Abhilash et al., (2021) to have positive 
effects on the strength of cement composites.  
 

The increase in the compressive strength of the 
blocks may also be attributed to the strength and 
toughness of the fibres, while the decrease in the 
compressive strength beyond 0.5% RH 
proportion in the matrix results from the increase 
in the volume of pores in the matrix as the fibre 
content increases. Similar trends were reported 
by (Danso et al., 2015; Mostafa & Uddin, 2016) 
when natural plant fibres were used in earth 
block production. Danso et al., (2015) and 
Mostafa and Uddin, (2016) opine that strength 
development of soil-fibre mixes mostly depends 
on the formation of fibre-matrix, matrix-matrix 
and fibre-fibre bonds. The creation of an isotropic 
matrix between the soil mix and the fibre network 
results in a strength increase as such a matrix 
opposes the movement of particles thereby 
creating stability in the matrix. They further stated 
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that these bonds can be affected by the quantity 
of fibre present. An increase in fibre content 
results in a decrease in fibre-matrix and matrix-
matrix bonds, and a reduction in the cohesion of 
the fibre with the soil due to knotting and 
overlapping of the fibres, resulting in a reduction 
of the compressive strength of the blocks. 

The blocks produced may be used for non-load 
bearing applications as their compressive 
strengths do not meet the minimum compressive 
strength requirements of 1.65 N/mm2 for load-
bearing lateritic blocks as specified by the 
Nigeria Building and Road Research Institute, 
(2006).

 
Table 3. Average density of blocks 

 

MIX ID RH (%) Average Density (Kg/m3) Change in Density (%) 

R1 0% 2176.67 0.00 
R2 0.5% 2147.56 -1.34 
R3 1% 2100.80 -3.49 
R4 1.5% 2040.08 -6.28 

 

 
 

Fig. 3. Average density of blocks 
 

 
 

Fig. 4. Average compressive strength of blocks 
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Table 4. Average compressive strength of blocks 
 

MIX ID RH (%) 
Average Compressive 
Strength (N/mm2) 

Change in Compressive 
Strength (%) 

C (control) 0.0 0.97 0.00 
R1 0.5 1.12 15.46 
R2 1.0 1.07 10.31 
R3 1.5 1.02 5.15 

 

4. CONCLUSION 
 
Compressed earth blocks reinforced with rice 
husk (0-1.5%) by weight of laterite were 
produced and tested for their compressive 
strengths after 28 days of curing. The 
compressive strength of the blocks increased 
with the addition of rice husk to the matrix. From 
the observations of this investigation, the 
following conclusions were made 
 

1. The blocks reinforced with rice husk had 
better performance in their compressive 
strengths as compared to the unreinforced 
blocks. 

2. When compared with the control mix, the 
addition of 0.5%, 1% and 1.5% of rice husk 
resulted in a 15.46%, 10.31% and 5.15% 
decrease in the average density 
respectively. 

3. When compared with the control mix, the 
addition of 0.5%, 1% and 1.5% of rice husk 
resulted in a 15.46%, 10.31% and 5.15% 
increase in the average compressive 
strength respectively. 

4. An optimum reinforcement of the blocks 
with 0.5% rice husk is recommended. 

5. Rice husk can be used to improve the 
properties of CEBs for affordable eco-
friendly housing in developing and low-
income countries. 

6. The blocks produced may be used for non-
load bearing applications as their 
compressive strengths fall below the 
minimum compressive strength 
requirements of 1.65 N/mm2 for load-
bearing lateritic blocks as specified by the 
Nigeria Building and Road Research 
Institute 

7. Further research can be carried out to 
evaluate the effect of rice husk on the 
water absorption, erosion and 
efflorescence of CEBs. 
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