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Abstract— This paper investigates the optimum level of Rice 

Husk Ash (RHA) addition as a partial replacement of cement 

on the compressive strength, flexural and split tensile strength 

of concrete. Referral concrete of M40 with cement content 

460kg/m^3 was used for the study. Test concrete are obtained 

by replacing 0%,10%,20%,30%,40% of cement content with 

RHA. Specimens for compressive strength were cured in 

water for 7, 28, 56 and 90 days after the demoulding of 24 

hours and other specimens for 28 days only.   It is evident 

from this study that the mechanical properties of concrete 

containing RHA increases with its RHA content increment 

till an optimum replacement level at 20%. Further addition to 

this level shows a decreasing trend. 
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I. INTRODUCTION 

Nowadays, there is an increasing interest towards the uses of 

waste materials. The common pozzolanic materials from 

industry and agriculture by-products such as fly ash and Rice 

Husk Ash (RHA) are becoming active area of research 

because their use leads to diversified product quality of the 

blended cement concrete, and also reduces the cost and 

negative environmental effects. Disposal of husk is a big 

problem and open heat burning is not acceptable due to 

environmental pollution, so the majority of husk is currently 

going into landfill. If this waste material is used for 

sustainable development it will solve many problems 

encountered in disposing of the waste.[1]. There are many 

advantageous in using Pozzolans in concrete,viz. 

improvement in workability at low replacement level, reduce 

bleeding and segregation, low heat of hydration ,lower creep 

and shrinkage, high resistance to chemical attack at later ages 

and low diffusion rate of chloride ions resulting in a higher 

resistance to corrosion of steel.[2] 

RHA has the potential as a cheap cementing material 

because rice husks are waste material having high silica 

(SiO2) content, highly porous morphology, light weight, 

angular and have a very high external surface area. Its 

absorbent and insulating properties are useful to many 

industrial applications, and the ash has been the subject of 

many research studies. Estimation gives that the annual 

production of paddy rice husk globally was 600 million tons 

in 2002 [3]. 

Several investigators have reported the outstanding 

technical benefits of incorporating cement replacement 

materials like RHA shows improvement in the durability 

properties of concrete. These properties cannot be improved 

by the use of pure Portland cement as a cementious material 

in concrete.[4-8].  

Kartini [9] has reported that increase in the amount 

of replacement of OPC with RHA decreases the workability 

of the concrete mixes. He has reported the reason that the 

concrete containing RHA requires more water for a given 

consistency due to its absorptive character of cellular RHA 

particles and of high fineness and also reported that 

compressive strength of RHA concrete at 28 days are lower 

than the referral concrete due to the higher water content in 

the mix to maintain the similar workability. He has also 

reported that increase in RHA content more than 20% did not 

contribute further improvement in the compressive strength.   

Godwin etal [10] have reported that RHA could be 

replaced the OPC upto 25% in the production of concrete 

without no loss in compressive strength of concrete. They 

have also found that no substantial increase in the tensile 

strength of RHA added concrete on the basis of result 

obtained by split tensile test however there is a marginal 

improvement in flexural strength with 10-25% RHA 

replacement levels. They have reported the optimum 

replacement level of 10% for structural concrete. 

According to B. Kondraivendhan [11]: 

The compressive strength of rice husk ash blended 

cement paste increased with age as expected in all water to 

binder ratios and rice husk ash replacement levels. But the 

strength reduced gradually with respect to increase in rice 

husk ash replacement as compared to the controlled 

specimens.  

Al Khalaf and A.Yousif (1984)[12]: 

They observed that there is no significant change in 

the compressive strength as compared to controlled mix up to 

40% replacement of cement with RHA , if the rice husk is 

burnt under optimum temperature condition.  

According to Ismail and Waliuddin (1996) [13]: 

  The strength of concrte decreased when cement was 

partially replaced by RHA for at same value of workability.  

They observed that the optimization of RHA was 10 – 20 %. 

According to Ramezanianpour et al. 2009, 2010[14] 

Rice husk ashes shows high pozzolanic activity when rice 

husks burns at temperature below 700°C .  

II. MATERIALS AND MIX PROPORTIONING 

1) Cement: 

The Ordinary Portland Cement of 43 of JAYPEE Brand 

confirming to IS:8112-1989 [7]cement was used for the 

experiment. The physical properties of the OPC as found in 

the laboratory are given in Table 1.  

S.No 
Properties of 

cement 

Experimental 

values 

Codal 

Provision 

(IS:8112-

1989)[9] 
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1. 
Normal 

consistency 
30% --- 

2. 
Initial setting 

time(minutes) 
65 >30 

3. 
Final setting 

time(minutes) 
255 <600 

4. 

Soundness of 

cement                

(Lechatelier 

expansion) (mm) 

2 <10 

5. 
Specific gravity of 

cement 
3.15 3.15 

6. 

Fineness of cement 

( % retained on IS 

90 micron sieve) 

4 <10 

7. 

Compressive 

strength of cement 

(N/mm2) 

3 days 

7 days 

28 days 

 

23.67 

33.33 

43.50 

 

>23 MPa 

>33 MPa 

>43 MPa 

Table 1: Physical Properties of Ordinary Portland Cement 

2) Rice Husk Ash: 

Rice husk ash used was obtained from KGR AGRO Pvt. Ltd 

from LUDHIYANA.The specifific gravity was 2.15.Indian 

Standard code of practice for plain and reinforced concrete, 

IS 456- 2000, recommends use of RHA in concrete but does 

not specify quantities. Chemical compositions of RHA are 

affected due to burning process and temperature. Silica 

content in the ash increases with higher the burning 

temperature. As per study by Houston, D. F. (1972) RHA 

produced by burning rice husk between 600 and 700°C 

temperatures for 2 hours, contains 90-95% SiO2, 1-3% K2O 

and < 5% unburnt carbon. Under controlled burning 

condition in industrial furnace, Studies have shown that RHA 

resulting from the burning of rice husks at control 

temperatures have physical and chemical properties that meet 

ASTM (American Society for Testing and 

Materials).Standard C 618-94a. Studies have shown that to 

obtain the required particle size, the RHA needs to be grown 

to size 45 μm – 10 μm. 

3) Aggregates:  

Coarse aggregate used for the study was having a specific 

gravity 2.655, a maximum particle size of 10 mm and a 

fineness modulus of 6.26. The fine aggregate was with a 

specific gravity of 2.71 and a fineness modulus of 2.05. 

Volume percentage of fine aggregate to the total volume of 

aggregate was kept 32% in all the mixtures. Grading of fine 

and coarse aggregates is given in Table 2. 

Sieve Analysis of Coarse 

Aggregate 

Sieve Analysis of Fine 

Aggregate 

Sieve size 
Passing 

(%) 
Sieve size 

Passing 

(%) 

10mm 100.00 80 mm 100 

4.75 98.12 40 mm 100 

2.36 95.87 20 mm 100 

1.18 86.53 10 mm 67.1 

600micron 77.87 4.75 mm 2.4 

300micron 44.53 2.36 mm 2 

150 micron 1.32 1.18 mm 0.3 

<150 micron 0 600micron 0 

  300micron 0 

  150micron 0 

Table 2: Sieve Analysis Result of Coarse and Fine 

Aggregate 

B. Specimen Preparation and curing: 

Referral concrete mixture taken for the preparation was of 

M40 grade mix design with cement content 460 kg/m3.The 

mixtures of concrete containing RHA added as partial cement 

replacement of  10% ,20%,30% and 40% by weight also 

prepared .Water to binder ratio of 0.40 and air content of 2% 

is kept in all the mixtures. The super plasticizer BASF was 

added to bring the workability over 100 mm. The concrete 

was prepared by hand mixing during which first, second, 

third layer consist of coarse aggregate, fine aggregate, and 

cement respectively. Trowel was used for mixing and 

preparing the specimens. From each concrete mixture twelve 

100 mm cubes were casted for the determination of the 

compressive strength. The compaction is achieved using the 

vibrating table. After 24 hour the casted specimens are 

demoulded and cured until the day of testing for compressive 

strength. Mix proportioning is shown in Table 3. 

Concret

e 

Ceme

nt 

RH

A 

Wat

er 
CA 

F

A 

Slu

mp 

Uni

t 

wt. 

CRHA0

.0 
460 0 184 

118

7 

57

0 
105 

240

1 

CRHA1

0.0 
414 46 184 

118

3 

56

9 
101 

239

6 

CRHA2

0.0 
368 92 184 

118

1 

56

8 
95 

239

3 

CRHA3

0.0 
322 138 184 

117

9 

56

7 
88 

239

0 

CRHA4

0.0 
276 184 184 

117

7 

56

6 
84 

238

7 

Table 3: Mix Proportioning 

C. Testing of the Specimen: 

Referral concrete and Concrete mixtures with all the specified 

replacement level with RHA is for compressive strength 

development. slump of the concrete also measured .for the 

referral concrete slump was 105 mm with the addition of 1% 

of admixture. Admixture dosage kept the same for all the 

mixtures.  For each mixture the compressive strength of the 

hardened concrete tested after 7,28 ,56 and 90 days of curing. 

Split tensile strength and flexural strength are determined 

after 28 days of curing. 

 
           Fig. 1: Performing Compressive Strength Test on 

Laboratary 
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Fig. 2: Performing Flexural Strength Test on Laboratory 

 
Fig. 3: Performing Split tensile Strength Test on Laboratory 

III. RESULTS AND DISCUSSIONS 

A. properties of fresh concrete: 

The slump, unit weight and air content are given in Table 

4.The workability found to decrease with the increase of 

RHA content .The graph is shown below. 

 
Fig. 4: Slump Vs. RHA Concrete 

B. Compressive Strength Result:  

Compressive strength results obtained for the mixtures at 7, 

28, 56 and 90 days of curing are listed in the Table 3 by 

averaging the three samples of each mixtures at the specific 

testing age. Flexural strength and split tensile strength results 

obtained at 28 days are listed in Table 4 . 

                                  

Concrete 

Cube Compressive 

Strength 

(MPa) 

Flexur

al 

Split 

Tensile 

Strengt

h 

(MPa) 

Strengt

h 

(MPa) 

7 

day

s 

28 

day

s 

56 

days 

90 

day

s 

28 

days 

28 

days 

CRHA0.

00 

35.

0 

43.

5 
44.8 

45.

3 
8 3.85 

CRHA10

.0 

36.

5 

45.

0 

46.9

0 

48.

0 
8.3 3.98 

CRHA20

.0 

38.

0 

46.

7 
47.3 

48.

9 
8.7 4.27 

CRHA30

.0 

36.

2 

44.

0 
46.1 

47.

3 
7.9 4.01 

CRHA40

.0 

34.

4 

42.

1 
43.5 

45.

8 
7.5 3.80 

Table 4: Compressive strength test results 

 
Fig. 5: Relation between age and compressive strength of 

RHA mix concrete 

From the results the addition of RHA resulted 

improvement in compressive strengths even at early ages as 

well. It can be seen that from the table that strength gain in 

later ages is more than the earlier age strength gains for the 

RHA added mixtures. Also till 20% replacement level 

increment in strength is observed for all ages and further 

replacement to that level shown a decreasing trend in the 

compressive strength irrespective of the ages. 

     Addition of RHA also brought improvement in 

flexural strength and split tensile strength. The improvement 

also found to increase till 20% replacement level. 

IV. CONCLUSIONS 

The following conclusions can be obtained from this study  

1) Workability found to decrease with the increase in RHA 

content. 

2) Mechanical properties viz. compressive strength, 

flexural strength and split tensile strength  are shown an 

increasing trend till an optimum replacement level of 

20% of RHA, further increased dosage shown a 

decreasing trend in the mechanical properties   

3) For the optimum RHA dosage the increment in 

compressive strength to the referral concrete at the age 

of 7, 28, 56 and 90 days was  38 MPa, 46.7 MPa, 47.3 

MPa and 48.9 MPa.  
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