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ABSTRACT –  
 Huge quantities of rice straw are generated in addition to 

rice husk from the rice processing units worldwide. Rice 

straw, like rice husk is agricultural waste with no usage and 

three to four times larger quantities of this waste are 

generated as compared to rice husk. It creates big disposal 

problems since huge quantities are generated in the rice 

growing regions. Rice straw ashes contain fairly high silica 

content in ashes produced by burning this waste material. 

This experimental study aimed at the possible usage of rice 

straw ash as a cementitious material by partial blending with 

Portland cement which might produce cheaper cements 

along with solving the disposal problems of this waste 

material produced in massive quantities. To investigate the 

properties of rice straw ashes as cementitious material, this 

investigative study was carried out by blending 25% and 

50% rice straw ash with Ordinary Portland Cement and 

testing the properties of blended cement so produced. 

Blended cements with up to 50% rice straw ashes proved to 

have 25 to 30% higher compressive strength, excellent 

sulphate and much improved acid resistance, very low 

permeabilities, better durability and somewhat similar 

shrinkage as compared to Portland cements.  

Keywords – Sustainable construction, Blended cement, Rice 

straw ash, Green concrete 

I. INTRODUCTION 

Massive efforts have gone in research on disposal/ recycling of 

waste products being generated through various processes. 

Exploration of possible usage of such wastes in various 

industries have been carried out intensively. Shortage of 

development budgets in developing/under developed countries 

forces them to make efforts to find cheaper substitutes that are 

locally available [1,2]. Whilst research in developing 

alternate/cheaper aggregates for concrete in areas with scarce 

natural aggregates has been carried out, use of agro-wastes like 

rice straw ash generated in big quantities in various rice growing 

regions and posing disposal problems, has been scarcely studied 

although it can be a cheaper alternate for blending with cements 

for use in construction industry [3,4]. Higher content of silica 

found in rice straw ashes along with low CaO content is 

advantageous as far as its cementing properties are concerned. 

Big volumes can be used up in the cement industry for blending 

with cements. Such cheaper products may also result into 

cheaper construction in such areas. This research aimed at 

studying the properties of blended cement made by mixing rice 

straw ashes in the ratio of 25% and 50% with ordinary Portland 

cement.  

 

II. LABORATORY TESTING 

 
An industrial furnace with temperatures maintained around 

500 to 600
0
C was used for producing rice straw ashes which were 

cooled to 20
0
C and subsequently ground in a laboratory ball mill 

for about 120 minutes and thereafter sieved through a #325 sieve. 
Chemical testing of rice straw ash was then carried out. Rice 
straw ash and Portland cement were then blended in the ratios of 
25:75 and 50:50 by intermixing. Thirty 50mm cubes of each mix 
were cast according to ASTMC 109-98 and were cured at 20

0
C 

and relative humidity of around 60% for compressive strength 
tests. W/C ratio of 0.485 was maintained. Setting times were 
obtained as per ASTMC 191-92. Similarly, six specimen 
25x25x285mm of each blend were prepared for sulphate and acid 
resistance tests. These specimens were submerged in 5% HCL 
and 5% H2SO4 solutions for 90 days and the weight loss was 
measured. Similar number of specimen were cast for permeability 
and shrinkage tests. Specimen were cured for 28 days in water 
and then stored in air at 20

0
C and 50% relative humidity for 90 

days for observing shrinkage. Permeability testing was carried 
out by ISAT (Initial Surface Absorption Test) as per RILEM. 

 

III. ANALYSIS/ DISCUSSION OF TEST 

RESULTS 

Due to maintaining a constant w/c ratio for all the mixes, it 
was observed that the blended cement mixes containing 50% rice 
straw ashes and 50% Portland cement tend to be harsher than the 
mixes with lesser percentages of rice straw ash and the control. 
This is mainly due to the higher water demand of the ashes in the 
blended cement however this tendency can be offset by the use of 
a water reducing admixture which increases the workability of 
the blended cements. The setting times for blended cements 
containing 25% rice straw ashes and 75% Portland cement was 
observed to be around 130 minutes which is slightly higher than 
the control mixes with a setting time of 120 minutes. The setting 
time for blended cements containing 50% rice straw ashes and 
50% Portland cement was observed to be around 95 minutes 
which is slightly lower as compared to 120 minutes for Portland 
cement control mixes. 

 
A. Chemical Testing 

 
Laboratory chemical tests revealed that 68% of the ash was 

Silicon dioxide - SiO2, 6% Calcium Oxide - CaO and 9% 
Potassium Oxide (K2O). Low amounts of CaO generate less 
Ca(OH)2 during the hydration process which will also be 
stabilized due to the reaction with the reactive SiO2 of the rice 
straw ashes forming stable silicates resulting into durable 
hydration products. 
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B. Compressive strength 
 
The average compressive strengths of various blended cement 

specimen along with control specimen are shown in Table 1. 
Blended cement with 25% rice straw ash and 75% Portland 
cement showed about 25 to 30% higher strengths in 3, 7 and 28-
day tests then the control. Blended cement with 50% rice straw 
ash and 50% Portland cement showed about 20 to 25% higher 
strengths in 3, 7 and 28-day tests then the control.  

 
C. Shrinkage 

 
Shrinkage was observed to be similar for almost all specimen. 

No appreciable difference in shrinkage of specimen cast from 
blended cements and control were observed for 90 days. An 
improved pore structure results due to the highly reactive silica 
present in the rice straw ashes which increases the amount of 
adsorbed water, reducing the loss of moisture and thereby the 
shrinkage. The same is confirmed in the permeability and depth 
of moisture penetration tests. 

 
D. Sulphate/acid resistance 

 
For HCL solution, the weight loss for control was 18% as 

compared to 8.1% for 25% replacement of cement with rice straw 
ash, 6.7% for 50% replacement of cement with rice straw ash. 
Similarly, for H2SO4 solution, the weight loss for control was 
34% as compared to 6.7% for 25% replacement of cement with 
rice straw ash, 5.1% for 50% replacement of cement with rice 
straw ash. Therefore, the performance of blended cements was 
two to three times better in acidic environment and five to six 
times better in sulphate environment as compared to Portland 
cement. It is mainly due to the reduced permeability allowing 
minimal amounts of water to penetrate along with negligible 
amounts of Ca(OH)2 present in the products of hydration of 
blended cements. The Ca(OH)2 formed during the hydration 
process is stabilized by the SiO2 present in the rice straw ash 
resulting into chemically stable silicates thereby leaving 
practically no amount of Ca(OH)2 available for leaching out in 
case of sulphate attack. 

 

E. Permeability 
 
Results of ISAT test are given in Table 2. It shows much 

reduced permeabilities of blended cement samples with 25% and 
50% replacement of Portland cement with rice straw ashes. 
Permeabilities of blended cements with rice straw ash are 
observed to be about 35 to 45% of the permeability of Portland 
cement specimen. Reduced permeabilities are due to the smaller 
and better pore size distribution due to the cementitious activity 
of the rice straw ashes thereby reducing the ingress of moisture. It 
also results into better durability of such cements. On keeping the 
24-hour oven dried specimen (dried at a temperature of 100

0
C) 

and immersion in water for 24 hours, after cooling, the moisture 
penetration in blended cement specimen was observed to be 
almost 30 to 35% of the depth of the moisture in specimen of 
Portland cement thereby showing substantially decreased 
moisture penetration.  

IV. CONCLUSION 

Ground rice straw ash has proved to be a satisfactory material 
for blending with Portland cement. Blended cements containing 
up to 50% rice straw ash are likely to reduce the costs of cement 
in the developing countries especially in the rice growing regions 
along with reducing the disposal problems of such massively 
produced agricultural waste. Large quantities of such waste can 
be so disposed by blending it with Portland cement by up to 50% 
by weight. This would also result into additional quantities of 
cement available for other development works. Such blended 
cements improve the durability aspects of the construction by 
substantially reducing the damage caused by the sulphates and 
chlorides present in the soils. Combined with cheaper aggregates, 
blended cements containing rice straw ash and Portland cement 
can lead to great savings in construction costs. Up to 50% 
replacement of Portland cement with rice straw ashes has been 
observed to greatly improve the strength and durability aspects of 
blended cement. About 25 to 30% higher strengths combined 
with very low permeability, two to three times improved acid 
resistance and five to six times improved sulphate resistance will 
certainly result into stronger and durable construction. 

 

 

Table 1. Compressive strengths of Blended Cement and Control. 
 
 
 
 
 
 
 
 

Note:-  
A = 25% Rice Straw Ash + 75% Portland Cement 
B = 50% Rice Straw Ash + 50% Portland Cement 
Control = 100% Portland Cement 

 
 
 
 

Specimen Type Compressive Strength N/mm
2
 

3 days 7 days 28 days 
A 28.70 43.20 54.10 

B 23.50 36.60 49.30 

Control 21.20 31.70 40.60 
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Table 2. Results of ISAT tests 
 

Sample No. ISAT Results (ml/m
2
/s) 

10M
in 

30Min 1Hour 

A 8 5 3 

B 10.5 6 3.5 

Control 15 7 5 
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