
Journal of Engineering and Technology (JET) Vol. 3, No. 1 February 2008 

33 

 

AN ASSESSMENT OF PROPERTIES OF CONCRETE MADE WITH RICE-HUSK ASH 

AS PARTIAL   REPLACEMENT OF CEMENT 

 

D. Dahiru and I.K. Zubairu  

Department of Building 

Faculty of Environmental Design 

Ahmadu Bello University, Zaria 

 
 

ABSTRACT 
Rice is one of the most important food stuffs produced in Nigeria. However the processing of rice leads to the 

generation of large amount of waste - rice husk. The commonest method of disposing it is by burning the waste; this 

brings yet another waste - the Rice Husk Ash, [RHA] which serves no economic benefit apart from polluting the 

environment. The paper reports an investigation carried out on the compressive strength of concrete produced with 

RHA as partial replacement of OPC. A concrete of nominal mix 1:2:4 using two w/c ratios of 0.62 and 0.66 were 

used to produce concrete cubes of 150mmx150mmx150mm. Varying proportions (0%, 5%, 10%, 15%, and 20%) of 

RHA were used as a partial replacement of OPC in the mix. A total of 45 test samples were produced and tested. 

The setting time of RHA – OPC paste, workability, saturated surface density and compressive strength of the 

concrete were determined. Results showed that RHA has influence on the setting times because both initial and final 

setting times of paste with RHA have higher setting times. For example the initial setting time of concrete with 5%, 

10%, 15% and 20% RHA are 2.02, 2.05, 1.55 and 1.40 hours respectively, as compared with the control specimen 

which has 1.30 hours. The steady increase in the initial setting time is also reflected in the final setting times. While 

the workability test results, using slump test are 20mm, 16mm and 12mm for 0%, 5%, and10% RHA respectively 

and consistency test results showed samples with 0%, 5%, 10% RHA and w/c ratio of 0.62 have compacting factor 

of 0.85, 0.83 and 0.86 respectively, both results showed that the workability of concrete with RHA is low. The 

compressive strength test result showed that the average compressive strength of concrete containing 5%, 10% 15% 

RHA are 21.22N/mm
2
, 22.09N/mm

2
 and19.79N/mm

2, 
respectively this is closer to the compressive strength of the 

control concrete specimen which has average compressive strength of 25.32N/mm
2
. Like wise the density of all 

specimens with RHA are comparable to the normal concrete density. 

 

SIGNIFICANCE: Cement is among the principal ingredients used in the production of concrete; hence 

knowledge of the impact of RHA on the compressive strength would lead to the use of 

RHA as partial replacement of cement in concrete production. Thus minimizing waste in 

the environment and saving our foreign exchange.  Because Nigeria is the leading 

producer of rice in Africa, besides that large amount of foreign exchange is spent on 

importation of cement annually, as our indigenous cement companies’ production 

capacity is grossly inadequate. 

 

Keywords: Rice Husk Ash, Environmental impact, RHA-Concrete, Workability, Compressive Strength, Cost 

savings 

 
1.0 INTRODUCTION 

Rice husk is an agricultural waste that is produced not only in Nigeria, but all over the world. According to Zheng 

(1996) rice husk constitutes about one- fifth of the 500 million tons of rice produced annually. The amount of this 

waste is expected to increase every year. This undoubtedly poses serious environmental problems; as it pollutes the 

environment by becoming dissolved in water and leach out from the site, thus contaminating surface and ground 

water. In addition, the breakdown of certain waste by the biological action of bacteria and other organisms can lead 

to the production of landfill gas, which contributes to the green house effect and poses risks to human being. Besides 

that, it spoils the visual landscape. 

This explains the reasons why waste arising from the use of natural resources is regarded among the two most 

serious problems facing the present generation - the other one being over - population (Pickering and Owens, 1995). 

Measures were devised to solve the problem of waste, prominent among them is, what is popularly called the three 

Rs - Reduce, Re-use and Recycle - waste. However, according to Huby (2002) incineration is increasingly being 
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used as an alternative method of waste disposal in most European countries. In Luxembourg, Switzerland and Japan 

for example, about 65 percent of municipal waste is used for the generation of energy (Middleton, 1997 cited in 

Huby, 2002). Incineration has the advantage of reducing the total volume and weight of waste material. 

It is against this background that the problem of rice husk waste is, most often, solved by burning them in open 

fields or as fuel in steam generation. This, however, leads to the generation of yet another waste - Rice Husk Ash 

(RHA). The RHA is about 20 percent, by weight, of the rice husks and served no economic purpose for either 

agricultural or industrial usage (Mehta, 1977). 

Due to the growing environmental concern and the need to conserve energy and resources, efforts have been made 

to burn the husks at controlled temperature and atmosphere, and to examine the ash so produced with a view to 

utilizing it for useful purposes. For instance, research by Mehta (1977) shows that it is possible to incinerate rice 

husks such that the resulting ash contains highly reactive silica which is a pozzolan found to be a suitable raw 

material for making hydraulic blended cement. Also result of shrinkage test by Mehta (1997) showed no significant 

difference between the shrinkage behavior of concrete containing the Portland- Rice Husk Ash cements and control 

Portland cement.  

According to Zheng (1996) RHA contains carbon of 5.91%, and it is black in colour. Result of Chemical analysis 

indicates that the material is principally composed of Si02 (87.2%), and loss of ignition of RHA is high (8.55%). The 

ash has relatively high potassium content which originates mainly from the soil or due to the use of fertilizers 

(Zheng, 1996). 

The RHA has a specific gravity of 2.06. The median particle of the RHA is approximately 7micron. The RHA, 

however, has an extremely high specific surface of 38.9m
2
/g as determined by nitrogen absorption technique, and is 

1.5 times that of silica fume. Scanning electron microscopy shows that the material is very porous, thus explaining 

its high specific surface, and like that of cement, the particles of RHA are angular. X-ray diffraction analysis 

indicates that the ash contains mainly amorphous materials with a small quantity of crystalline phases such as 

cristobalite (high-temperature phase of si02) and sylvite (kel). This probably originated from the use of the 

fertilizers. 

Looking at the properties of RHA vis-à-vis that of hydraulic cement - which is made by pulverizing calcium silicate 

clinkers produced by heat treatment of mixture of and siliceous raw materials at 2550
0
F- 2900

0
F (1400

0
C- 1600

0
C) 

it was thought that a satisfactory cement could be made from reactive rice husks ash by simply blending the 

previously ground ash with a calcareous material such as quick lime or hydrated lime. 

Results of such investigation showed that lime - rice husk ash cements develop adequate strength for masonry, 

plastering and many structural applications. In view of the fact that concreting constitutes between 50%- 70% of the 

total cost of building (Okereke, 2007) and according to Wikipedia encyclopedia (2008) concrete is used more than 

any other man – made material on the planet. As at 2005 about six billion cubic meters of concrete are made each 

year, which equals one cubic meter for every person on earth. And, for the fact that   cement is the most important 

ingredient used for the production of concrete. Besides that, huge amount of hard- earned foreign reserve is spent on 

importation of Ordinary Portland Cement – OPC [Leadership Editorial, 2008]. Added to the fact that the raw 

materials used for its productions are not inexhaustible, it becomes necessary to look inwards for solution. 

Especially considering the fact that the current trend in the world where emphasis is on development that has 

harmony with the environment. Reduction in the amount of waste brings a variety of benefits which includes among 

others, reduced environmental impact, cleaner and therefore safer sites and sustainable savings in cost of waste 

disposal. 

This is further encouraged by the fact that a lot of attention is focused on the use of waste for meaningful purposes 

due to the fact that such waste has become a problem. For example, it was estimated that China has over 55.5 

million tons of fly ash and bottom ash/ slag as at 1990 (Wei, et al 1990) .As a leading consumer of cement in the 

world, accounting for 40%of the world’s cement [concrete] production (wikipedia encyclopedia, 2008), China has 

encouraged a lot of researches in order to examine the viability of using fly ash and bottom ash/slag for construction. 

And results of such investigations showed that they can be used as a construction material such as cement 

admixture, concrete admixture, walling material, road material construction back fill (Wei, et al 1990). In 1988, for 

example, utilization amount exceeded 14 million tons. Out of this amount, 42% were used for Walling and cement, 

5% for concrete, 15% for roads material, 30% backfill, 4% for agriculture and 4% for Miscellaneous (Wei, et al, 

1990) 

According to the British Broadcasting Corporation, BBC, (2007) Nigeria is the leading producer of rice in Africa as 

such, there is the need to undertake research on how to make use of such waste arising from the production of rice – 

rice husk waste.         

This paper reports the investigation on the properties of concrete made with rice husk ash as a partial replacement of 

OPC in concrete production for possible application in Nigerian environment. 
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2.0 MATERIALS AND METHODS 

  

2.1 Materials 

The materials used for the research work are coarse aggregates, OPC, sand, RHA and water. The nature and quality 

of these materials are as follows: 

Aggregates: the coarse aggregates used were crushed granite stones obtained from a single quarry site along 

Sokoto-Zaria opposite school of Aviation Technology, Zaria.  The aggregate were sieved using standard sieves and 

the ones retained in 10mm and 20mm sieves were used to produce test samples.  

Cement: the type of cement used for the study was Ordinary Portland Cement popularly known as “Ashaka 

Cement” produced in Ashaka Cement Industry in Gombe State. 

Sand: Clean and air-dried river sand, which was obtained from Zaria environs, was used. The range of size of the 

sand / fine aggregate is from 600micron - 4.75mm on the BS test sieve. 

Rice Husk: This was produced from the rice mills at Samaru- Zaria. It was sun- dried and burnt in an open field. 

The burning operation took three days to complete. The ash was then grounded in a grinding machine and sieved to 

a fineness passing 75micron BS sieve. 

Water: Tap water fit for drinking was used. 

 
2.2 Method 

Standard tests, according to British Standard specifications, were carried out on test samples. These tests are as 

follows: (a) Setting time test.(b) Slump test.(c) Compacting Factor test. (d) Compressive strength test 

For the setting time test, two types of paste were produced. These are OPC paste and mixtures of OPC and rice husk 

ash paste, they were produced and tested according to the BS4550 (1978) and BS 12 (1995). A varying percentage 

of rice husk ash was used as a partial replacement of OPC to produce concrete. Slump test and compacting factor 

test methods were used to asses the workability of such concrete at fresh stage. This was done in accordance to the 

BS 1881(1983).  At hardened stage, the concrete was subjected to compressive test. Details of the preparation and 

subsequent testing are as follows: 

The absolute volume method of batching was used to produce a concrete of nominal mix of 1:2:4. In addition, two 

water /cement ratios of 0.62 and 0.66 were employed for a partial replacement of OPC with RHA for 0-10% RHA 

and 15 - 20% respectively. 

A total of 45 cubes were cast for this experiment and 15 of these were used for the trial mix design. Another set of 

30 cubes were produced for the final mix design. However, the procedure used remained the same for both mixes. 

The cubes were removed from the moulds after 20 hours and placed (immersed) in water for 28 days. Cubes cast for 

trial mix were labeled a, b, c, d and e. while those of the final mix were labeled A, B, C, D and E respectively. For 

each percentage replacement of the RHA, three cubes were used for the trial mix design and 6 cubes for the final 

mix design. 

The preparation of the test specimens follows the procedure as outlined by appropriate British standards especially 

BS 1881: 124 (1988) and BS 1881 125 (1986). As such, the test specimens were produced in three groups for testing 

at 28
th

 day and the average strength of the three groups was taken as the result of the test. A varying percentage of 

RHA was used as a partial replacement of cement in the concrete test specimen these percentages are: 5, 10, 15 and 

20. There is also 0% that serves as a control specimen.  

The summary of the results and discussion of the experiment are presented in the tables 1 to 6. 

 
3.0 RESULTS AND DISCUSSION 

In order to assess the quality of concrete which was made of RHA as partial replacement of cement, there is the need 

to look at the three important things. First the materials used- especially aggregate; since it occupies at least three - 

quarter of volume of concrete (Neville, 1996; and Neville and Brooks, 2002), secondly its properties at fresh stage. 

Among the various properties of fresh concrete, workability is the most important because concrete must be 

sufficiently fluid to allow for easy transportation, placing and compaction. Thirdly, it’s properties at hardened stage 

and compressive strength is the most important; for satisfactory compressive strength gives a clear indication of the 

quality of concrete. 

 
3.1 Sieve analysis 

Result of the sieves analysis conducted for the research is presented in table 1 as it can be observed from the table, 

39.2 kilogram of BS sieve sizes 9.5mm aggregate was retained while 50.32 and 47.88 represent the percentage of 

aggregates passing and those that were retained, respectively. While for 20mm BS sieve sizes, 1.8 and 98.2 
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represent the percentage passing and those that were retained respectively. Looking at the result of the sieve 

analysis, it shows that the distribution of sizes of aggregates is fair except for those retained below 2.36 B.S. Sieve 

thus, it can be said, that the aggregate belong to zone one. 

 
Table 1: Sieve Analysis 

 

 

 
3.2 Setting Time 
As it can be observed in table 2, the time required for RHA - OPC paste to harden decrease with increase in the 

RHA replacement for both the initial and final setting times. 

 

 

This shows that the RHA has an influence on the setting time. This is because both the initial and final setting time 

of concrete specimens with RHA as a partial replacement of OPC, have higher initial and final setting times in 

comparison to that of OPC paste. The rate of decrease in setting time with RHA content possibly indicates surface 

absorption. But the control paste sets earlier than the paste with RHA content. This means stiffening, and hence 

strength development, of such concrete is, likely, going to be slower – in comparative terms – to that of normal 

concrete.      

 

Fig. i: RHA Setting Time
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Figure 1: RHA Setting Time 
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Table 2: RHA Setting Time 

 

% RHA Cement (g) RHA (g) Water (m1) Initial Setting 

(hours) 

Final setting time 

(hours) 

0 400 0 120 1.30 5.05 

5 380 20 130 2.20 6.27 

10 360 40 134 2.05 6.05 

15 340 60 152 1.55 6.20 

20 320 80 174 1.40 5.15 

 

3.3 Workability 

Result of the workability test using slump test method shows that the slump was within the range of 10 – 20mm 

slump this shows that the degree of workability was low. 

 
Table 3: Workability Test Result 

 

 

 

 

 

 

 

 

 

 
The result of compactor factor test compares favourably with the slump test. For, the range of compacting factor was 

0.83 to 0.86 which also indicate low workability. 

It can, also, be observed that there is a steady decrease in the slump from 20mm, for the control cubes (concrete 

specimen with 0% replacement of RHA), to 12 for concrete (with 10% RHA and W/c ratio 0.62) while for the 

concrete with 15% and 20% RHA and water cement ratio of 0.66, the slumps are 16 and 10mm respectively. 

However for the compacting factor test results, all the values are very close. For, the control cubes the compacting 

factor were 0.85. While for the 10%, 15% and 20% Partial replacements of cement with RHA the value of 

compacting factor was 0.86. 

Both results showed that the degree of workability was low. During the production of the concrete it was observed 

that there was proper coating of the aggregate by the RHA - cement paste. 

This, shows that mix containing high percentage of RHA, has lower slump than those with low percentage of RHA. 

This could be attributed to absorption. According to Orchard (1973), the compacting factor for concrete used for 

roads and slab are within the range 0.85- 0.92. It also, means that for such concrete, it will require more work to 

make it sufficiently homogenous and uniform mix, more than the effort required for normal concrete.   

 
Table 4: Average Density 

 

 

 

 

 

 

 

% RHA W/C Degree  of workability 

  Slump (mm) Compacting factor 

0 0.62 20 Low 0.85 Low 

5 0.62 16 Low 0.83 Low 

10 0.66 12 Low 0.86 Low 

15 0.66 16 Low 0.86 Low 

20 0.66 10 Low 0.86 Low 

Mix RHA % Condition Density 

0 S.S.D. 2391.61 

5 “ 2370.37 

10 “ 2364.44 

15 “ 2373.33 

20 “ 2378.27 
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3.4 Density 

Looking at the density of the concrete specimen that was determined at saturated surface dry (S.S.D) condition, it 

can be observed that the density ranges between 2370.37kg/m
3
 to 2378kg/m

3
 for a mix concrete specimen made 

with 5% and 20% partial replacement of OPC. This is less than the concrete specimen 0% RHA content (i.e. the 

control specimen) 

However when the range of values of the average density is compared with that of normal weight concrete - which 

is between 2355 to 2560kg/m
3
, it can be observed that they are quite close. According to Everett (1990) high density 

in concrete is associated with high strength, hardness, durability, imperviousness and thermal conductivity.   

 
Table 5: Quantity of Materials required for a Batch of six (6) cubes in kg 

 

 

 

 

 

 

 

 

 

 

 
3.5 Compressive Strength 

From table 6, the RHA concrete at the age of 28 days has average compressive strength ranging from 21.22 to 22.09 

N/mm
2
 for a W/C of 0.66. The compressive strength for a sample with 10% partial replacement of OPC is the one 

that was very close to the compressive strength of the control cube. However further increase in the RHA up to 20% 

leads to decrease of the compressive strength to as low 17.88N/mm
2
. 

 

 

Fig. ii: Average compressive strength
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Figure 2: Average Compressive Strength 
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Thus, the compressive strength of concrete specimens made of RHA as a partial replacement of OPC range from 

21.22 to 22.09 N/mm
2
 for a W/c ratio of 0.62N/mm

2
 and 19.79 to 17.88 N/mm

2
 for a W/c of 0.66. From the 

foregoing two important points can be noted. First point to be noted is the amount of OPC. For a concrete specimen 

which was produced using 100% OPC, the compressive strength was 25.32N/mm
2
 while a decrease of just 5% and 

10% ( that is 95% and 80% cement content ) leads to fall in the compressive strength; from 25.32N/mm
2
 for 100%, 

to 21.22 and 22.09 N/mm
2
 for 95% and 80% OPC content respectively. The decrease in strength is more glaring at 

15% and 20% RHA content because compressive strength was 19.79 and 17.88 N/mm
2
 respectively. 

Secondly, when the RHA content is ignored it can be said that the result confirms the observation made by experts 

(notably, Salvadori & Heller, 1986, Neville & Brooks, 2002 and Okekere, 2002) that strength is influenced by W/C 

ratio. Because for 0.62 W/C the range is between 21.22 – 25.32 N/mm
2
 while for W/C ratio of 0.66 the compressive 

strength is within the range of 17.88 - 19.79N/mm
2
.  On the whole, when the compressive strength of the different 

concrete specimens are compared with control cubes compressive strength, it would be observed that the 

compressive strength of 10% RHA content, is much more closer to the control specimen’s result. According to BS 

8110 (1985) the minimum compressive strength required for concrete to be used for structural purposes at 28 days in 

between 20-40 N/m
2
   

 

Table 6: Average compressive strength 

 

 

 

 

 

 

 

4.0 CONCLUSION AND RECOMMENDATIONS 

 
 4.1 Conclusions 

 Based on the test conducted, the following conclusions were drawn. 

I. That the rice-husk ash (RHA) performs satisfactorily as partial replacement of OPC in concrete if the 

proportion of the RHA is kept at 10% partial replacement of OPC. 

II. Concrete made with RHA has density ranging from 2370kg/m
3
 to 2378kg/m

3
 these values compared very 

well with those of the normal weight concrete which ranges between 2355kg/m
3
 to 2530kg/m

3
. Thus, the 

density of RHA concrete falls under the values of the normal weight concrete. 

III. The initial setting time for the RHA - OPC paste is between 1.40 hours to 2.20hours as compared to 1.30 

hours for the control (OPC) paste. The final setting time for the RHA paste is between 5.15 hours to 6.30 

hours as compared to 5.05 hours for the control paste. Thus, RHA concrete requires relatively more time to 

set. This is possibly due to slow rate of hydration. 

IV. More effort or consolidation is required to make concrete made with RHA as a partial replacement of 

cement, homogenous and uniform in mix at fresh stage. 

V. The compressive strength of the RHA concrete compares favourably with that of control sample at the 

same age and water/cement ratio. For example, with W/C 0.62 at 28 days the strengths are 21N/mm
2
 and 

Mix RHA % Age Days W/C ratio Strength N/mm
2
 

0 28 0.62 25.32 

5 “ “ 21.22 

10 “ “ 22.09 

15 “ 0.66 19.79 

20 “ “ 17.88 
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22N/mm
2
 for 5% and 10% RHA respectively. These values are 1. 9 and 1.14 times less than that the control 

sample at the same age same water/cement ratio. 

 

 

4.2 Recommendation 

 
I.  As the properties of concrete are quite variable, thorough investigations should be conducted before the 

RHA concrete can be used for structural purposes. 

II. The RHA concrete should be used for minor concrete construction pending on the outcome of further 

investigations on interfacial zone, creep and shrinkage properties. 

III. During the production of such concrete it is more preferable to make use of mixing machine for the mixing 

and vibrating machine for the compaction of the concrete so as to ensure the concrete is homogenous and 

uniform mix.    

IV. Tests should also be carried out on the RHA concrete’s anchorage, bond strength, tensile and flexural 

strengths and certified adequate before used for reinforced concrete construction. 
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