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ABSTRACT 
 

This paper presents a research work on the effect of rice husk ash (RHA)/lime (CaO) as a partial replacement 
of cement in concrete production. A total number of ninety (90) cubes were cast, thirty (30) cubes for trial mix 

to obtain optimum water cement ratio (W/C) for the actual mix and another sixty (60) cubes were cast for 
actual mix on the percentage replacement group of 0%, 2.5%, 5.0%, 7.5% and 10% of  both rice husk ash and 

lime respectively. The setting times of RHA/Lime and ordinary Portland cement (OPC) paste, workability, 

saturated surface density, chemical composition of RHA and compressive strength of the concrete were 
determined. Results showed that RHA/lime has influence on the setting times because both initial and final 

setting times of the cement paste with RHA/lime have higher setting times. The initial setting time ranges from 
140 mins to 159 mins at 2.5% to 10% of RHA/ Lime respectively, as compared with the control specimen, 

which has 95 mins. The steady increase in the initial setting time is also reflected in the final setting times, and 

ranges between 216 mins – 261 mins. Slump decreased from 18 mm to 0 mm.Compacting factor test ranges 
between 0.89 – 0.81, the specific gravity of rice husk ash was found to be 2.13, and the bulk density 530 kg/m

3
. 

Lime (CaO) content of RHA 1.36%, silica (SiO2) content 67.30% and loss on ignition (L.O.I) 17.78%.The 

average compressive strength at 2.5% replacement level of RHA/lime was 25.3 N/mm
2
 at 21days which 

decreased to 18.7 N/mm
2
 at 28days with other replacement level of RHA/CaO, respectively. This is initially 

closer to the strength of the control concrete specimen which has average compressive strength of 25.6 N/mm
2
 

at 21days but behaves differently later by increasing to 27.8N/mm
2 

at 28 days.
 
The decrease in the RHA/CaO 

replacement situation could be attributed to the variation of the chemical composition of RHA/CaO.  

 
Significance:- The research gives an insight into 

the use of RHA/ lime as a possible replacement of 

cement in concrete production owing to their 

availability, low cost, and properties. This if 

feasible may help in minimizing waste in the 

environment and saving our foreign exchange 

which is often spent on the importation or 

production of cement annually, being the principal 

ingredient used in the production of concrete. 

Keywords:- Concrete, Rice Husk Ash, 

Workability, RHA/ lime - concrete, engineering 

properties, environmental impact, lime.   

 

1.0 INTRODUCTION 

 

It is glaring that concrete, due to some of its 

properties, is an inevitable construction material for 

any construction work in the world today. These 

properties may be predetermined by design selection 

of its constituents, as well as the quality control. 

According to British Cement Association (2006), 

concrete is made by mixing cement, supplementary 

cementitious materials, water, fine aggregate (sand), 

coarse aggregate (gravel or crushed stone) with or 

without admixtures, reinforcement, and fibers or 
pigments.  

Cement which is the principal binder of concrete is 

the most expensive input in the production of 

concrete. This is why some producers of concrete 

tend to produce concrete with low cement content 

that may appear cheaper at the onset without 

minding the engineering implication of their action.  

Rice husk which is an agricultural waste from which 

rice husk ash is produced has been reported to be 

used as a replacement for some percentage of 

cement which would have reduced the quantity of 
cement to be used, without necessarily reducing 

strength and thus reduce the nuisance caused to our 
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environment by the rice husk (Zheng, 1996). 

According to Zheng (1996), rice husk constitutes 

about 20% of the 500 million tons of rice produced 

annually world-wide, which is expected to increase 

every year.  

In Africa, according to the British Broadcasting 

Corporation BBC (2007), Nigeria is the leading 

producer of rice. As such, there is need to undertake 

research work on how to utilize such waste arising 

from the production of rice in other sectors of the 

economy in the drive towards the overall 

development of the nation.  In Nigeria, agricultural 

waste constitutes an environmental nuisance as they 

form refuse heaps on the areas where they are 

disposed. 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 produced with a view to utilizing it 

for useful purposes (Mehta, 1977). 

Mehta (1977) has shown that the resulting ash from 

the incinerated rice husk contains highly reactive 

silica which is a Pozzolan found to be a suitable raw 

material for making hydraulic blended cement. He 

also indicated that the shrinkage test result showed 

no significant difference between the shrinkage 

behavior of concrete containing the Portland – Rice 

Husk Ash cement and the control Portland cement.  

Also according to Okereke (2007), looking at the 

properties of RHA vis – a- vis that of hydraulic 

cement which is made by pulverizing calcium 

silicates clinkers produced by heat treatment of 

mixture of siliceous raw materials at 2550°F – 

2900°F (1400°C-1600°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 quicklime or 

hydrated lime. Result of such investigation showed 

that lime rice husk ash cements develop adequate 

strength for masonry, plastering and many structural 

applications. In view of this and 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 every other man made material on the 

planet, the need for this study therefore becomes 

more important. 

Lime which is an industrial product has a wide 

variety of applications including soil modification 

and soil stabilization and can come in forms such as 

quick lime or hydrated lime. 

According to Margaret (2005), the utilization of lime 

as an admixture has several advantages such as 

excellent resistance to water penetration, high open 

porosity, high ductility to joint and massive 

masonry, excellent plasticity and hydraulic 

properties. This inherent property of lime combines 

very well with pozzolanas such as volcanic ash and 

rice husk ash thereby, facilitating and improving 

workability, improved water retention/reduced 

bleeding, improved sulphate resistance to alkaline 

aggregate reaction, and lower heat of hydration 

(Margaret, 2005). The advantages of these materials 

justify the need for this research. 

 

 

2.0 MATERIALS AND METHODS 
 

2.1 Materials 
Materials used in the study include fine aggregates, 

coarse aggregates, Ordinary Portland Cement 

(OPC), Rice-Husk-Ash (RHA), Calcium Oxide 

(CaO), and water. 

Rice-Husk Ash (RHA) was obtained from rice husk 

which is an agricultural waste from rice mills at 

Makonla in Bida town in Niger state of Nigeria, sun-

dried and burnt in an open field. The burning 

exercise took about four (4) days, and the residue 

was then ground in a commercial grinding machine 

and later sieved through 75 micron BS sieve to a 

fineness ash retained in receiving pan.  

The coarse aggregate used was made of normal river 

side aggregate from an aggregate merchant in Bida. 
The material was washed, dried and sieved through 

20 mm sieve. The fine aggregate was clean sharp 

sand of zone 2 from river Gbako near Bida town.        

The cement used in this research work is Bur-ham 

brand of the ordinary portland cement from a local 

cement dealer along small market road in  Bida.  

The lime also used was obtained from a building 

material store dealer along Masaba road in Bida. The 

lime was also grounded and sieved using 75 µm 

sieve.  

The water used for mixing and curing of the cubes 

was clean portable water which is free from debris 

and harmful chemicals.  

 

2.2 Methods  

Sieve analysis of fine and course aggregates were 
conducted in accordance with BS 812 part 1 (1975). 

The results are presented in Tables 1 and 2. 
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2.2.1 Chemical and Physical Analysis of RHA: 

The chemical analysis was conducted at the Science 

Laboratory Technology (SLT), Federal Polytechnic 

Bida, using steric acid, harzorg grinding machine, 

X-ray spectrometer and computer. The physical 

analysis tests were conducted in accordance with BS 

812 part 2 (1975) for specific gravity and bulk 

density. The results are presented in Tables 3 and 4. 

2.2.2 Concrete Mix Design: The mix Design was 

carried out in accordance with Department of 

Environment (DoE), United Kingdom (1975) 

method for design of normal concrete. The concrete 

was batched by weight with RHA and Lime as 

partial replacement at 0%, 2.5%, 5.0%, 7.5%, and 

10% of weight of cement respectively. The cubes for   

both the trial and actual concrete mixes were cast 

and cured in clean water for 7, 14, 21 and 28 days. 

2.2.3 Consistency and Setting Time Test: These 

tests were carried out in accordance to the BS 4550: 

Part 3, (1978) and BS 12 (1995) procedures. The 

consistency test gives the consistency required to 

determine the initial and final setting times of OPC. 

For the setting time test, two types of pastes were 

produced. The normal  OPC paste and mixtures of 

OPC and rice husk ash/ lime paste at  varying 

percentages of 0%, 2.5%, 5.0%, 7.5% and 10% for 

both. The result is presented in Tables 5 and 6.  

2.2.4 Workability test (slump and compacting 
factor): A varying percentage of rice husk ash and 

lime were used as a partial replacement of OPC to 

produce concrete. Slump test and compacting factor 

test methods were used to assess the workability of 

such concrete at fresh stage which is done in 

accordance to the BS 1881 Part 102 (1983). The 

result is presented in Table 7. 

2.2.5 Compressive Strength Test: This was 

conducted in accordance with BS 1881, part 116 

(1983) and BS1881, part 125 (1986) on the concrete 

samples. A total of 90 cubes were cast for this 

experiment and 30 of these were used for the trial 

mix design and another 60 cubes for the actual mix 

design of rice husk ash/lime concrete at varying 

percentage replacement with cement as stated above, 

cured in water for 7 days, 14 days, 21 days and 28 

days, respectively. The result is presented in Table 8. 

The 0% serves as a control sample.   

 

 

 

3.0 RESULTS AND DISCUSSION 
 

In order to assess the quality of concrete in this 

paper, three important things are considered. They 

are: materials used especially aggregates; concrete 

properties at its fresh stage; and lastly concrete 

properties at the hardened stage, especially 

compressive strength. 

Table 1 presents result of the sieves analysis 

conducted for the research and looking at the table, 

the percentage of aggregates passing and those 

retained, indicate that the distribution of sizes of 

aggregates on the B.S Sieve is fair and that, the 

aggregates belong to zone one. 

 

 

Table 1: Sieve Analysis for Fine Aggregates 

 

        B.S Sieve Size (mm) Percentage Passing (%) 

4.75 99.5 

2.36 97.6 

600µm 77.4 

300µm 33.1 

150µm   4.0 

75µm   1.0 

Pan  
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Table 2 Sieve Analysis for coarse Aggregates 

 

B.S Sieve Size (mm) Percentage Passing (%) 

 37.50 100.00 

 19.00 65.50 

13.20 11.30 

  9.50 1.30 

  6.70 0.20 

Pan - 

   

 

Table 3 presents the chemical composition of RHA. 

The analysis indicated that RHA contains at least 

seven elements with silicon oxide (67.30%), Loss on 

ignition (17.78%), Aluminum oxide, (4.90%), 

Magnesium oxide (1.81%), Calcium oxide (1.36%) 

and Iron II oxide (0.95%) etc. The physical 

properties of RHA include specific gravity (2.13), 

loose and compacted bulk density (460-530) kg/m
3
 

and porosity (13%). 

 

Table 3: Chemical composition of RHA 

 

Constituents (%) 

Fe2O3 0.95 

SiO2 67.30 

CaO 1.36 

Al2O3 4.90 

MgO2 1.81 

L. O. I 17.78 

 

  

As shown in Table 4 the water content required for 

the RHA/Lime – OPC Paste to harden to achieve the 

consistency increases with the percentage increase in 

rice husk ash/lime. The increased water demand is as 

a result of increased carbon content which results 

because the carbon content of Burham cement is 

very small compared to that in rice husk ash/lime,  

also as the ash/lime is introduced into the mix, the 

carbon content increases and the water requirement 

also increases.     

 Table 5 shows the setting time of RHA/Lime and 

OPC paste. It shows that the RHA/Lime has 

influence on the setting time because both the initial 

and final setting times increased with increase in rice 

husk ash/lime content. But at 7.5 and 10 percent 

replacement level there was decreased in the setting 

times compared to the 2.5 and 5 percent 

replacement, respectively. In all cases however, the 

control pastes sets earlier than the paste with 

RHA/Lime content. This is further indicated in fig 

3.1 which shows the highest initial setting time of 

169 minutes and final setting time of 261 minutes 

both occurring when cement is replaced by 5% of 

rice husk/Lime ash content.  

 

Table 4: Consistency test 

 

Replacement level (%) Percentage replacement with Rice Husk Ash/Lime (%) 

0 2.5         5.0            7.5        10 

OPC (g) 400           380       360            340      320 

RHA (g) 0            10          20             30         40 

Lime (g) 0 10          20             30         40 

Water Content (ml) 124 136        144           154       158 

Water/ Binder ratio % 31 34          36            38.5     39.5 
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Table 5: Setting Time Test 

 

 

Replacement Level (%) 

 

Percentage Replacement with Rice Husk 

Ash/Lime (%) 

   0 2.5       5.0       7.5       10 

Initial setting time (min) 95                   140 169 152 159 

Final setting time (min) 150     216         261     222    260 

 

 

Table 6 gives the results of both slump and 

compacting factor test. The table shows that the 

slump was within the range of 0-18mm slump and 

that of the compacting factor to be within 0.81 – 

0.83.These results show that both slump and 

compacting factor values have low degree of 

workability. For the control cubes, the slump and the 

compacting factor values were 15mm and 0.87. This 

is due to the carbon content of the rice husk ash/lime 

content present which requires greater water content 

for the mixes to achieve a reasonable workability.  

 

Table 6: Workability Test Result 

 

  RHA (%) 0 2.5 5.0 7.5 10 

Lime (%) 0 2.5 5.0 7.5 10 

Degree of Workability  Low 

Slump (mm) 15 18 18 0 0 

Compacting Factor 0.87 0.83 0.85 0.85 0.81 

 
Table 7 shows the compressive strength of 

RHA/Lime concrete respectively at various 

percentage replacements with OPC. The result show 

that generally, the average compressive strength of 

the concrete had decreased with increase in the 

percentage addition of RHA/Lime and curing ages. 

But at 2.5 percentage replacement level for 21 days 

curing period, the compressive strength is 25.3 

N/mm
2
 which is very close to the compressive 

strength of the control cube and within the range of 

targeted strength of 25 N/mm
2
 for 28 days hydration. 

Although the basis for this study was prompted by 

the work of Margaret (2005), this drastic decrease in 

the compressive strengths shows that the 

combination of a pozzalana such as rice Husk ash 

with lime does have adverse effect on the strength of 

the concrete. Perhaps this can be explained by the 

fact that the additional lime now added may have 

combined with the lime content already in the 

cement to weaken the effect of the rice husk ash 

which contains some reasonable level of silicon 

oxide (silicates ) needed for the strength of concrete.   

 

 

Table 7 Summary of Average Compressive Strength 

 

Portal replacement of RHA (%) 0 2.5 5.0 7.5 10 

Partial replacement level of lime (%) 0 2.5 5.0 7.5 10 

Density, kg/m
3
 2479 2306 2415 2291 2252 

Strength (N/mm
2
) 

Curing Age in Days: 

7 

14 

21 

28 

 

 

18.5 

 

 

24.1 

 

 

16.0 

 

 

8.5 

 

 

9.6 

21.5 21.9 14.2 12.7 7.3 

25.6 25.3 13.3 11.6 8.1 

27.8 18.7 13.7 15.3 9.8 
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4.0 CONCLUSION 
 

On the basis of the results obtained the following 

conclusions are drawn: 

1. The concrete made with RHA/CaO has density 

ranging from 2305 kg/m
3
 to 2415 kg/m

3
. These 

values compare very well with those of the 

normal concretes which range between 2355 

kg/m
3
 to 2530 kg/m

3
. Thus, the density of 

RHA/CaO concrete fall under the values of the 

normal weight concrete. 

2. Compressive strength for RHA/CaO concrete 

(25.3 N/mm
2)

 compares favorably with that of 

control cube at 21 days hydration period and 

water/cement ratio (w/c) of 0.55 at 2.5% 

RHA/CaO replacement with cement. This is 0.3 

N/mm
2
 less than that of the control concrete 

(25.6 N/mm
2
) at 21 days hydration period and 

water/cement ratios (w/c) of 0.55.  

3. The initial settings time for the RHA/CaO 

replacement with cement paste is between 140 

minutes to 169 minutes as compared to 95 

minutes for the control OPC Paste. The final 

setting time of RHA/ CaO replacement with 

cement paste is between 216 minutes to 260 

minutes compared to 159 minutes for the control 

paste. Thus, RHA/CaO concrete require more 

time to set, suggesting its use as retarding 

admixture. 
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