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ABSTRACT
The aim of the study is to access the effect of incorporation of rice husk ash (RHA) as replacement of cement on the
properties of cement mortar. For this, the mortar specimens have been prepared with water to cement ratios 0.45, 0.5
and 0.55 and for each water cement ratio, cement is replaced at 0%, 5%, 10%, 20% and 30% of RHA. For each water to
cement ratio, a control mix has been prepared without RHA by taking 1 part cement and 3 parts of sand proportioned by
mass and then different percentage RHA is added by by mass of cement. The compressive strength of mortar cubes has
been determined at 3, 7 and 28 days. In addition to that, the water absorption is evaluated at the end of 28 day curing
period. The study depicts that the compressive strength of mortar specimen increases up to 10% replacement of RHA
after that it decreases with increase in percentage of RHA. Similarly, water absorption of specimens decreases up to 10%
RHA for longer curing period.
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INTRODUCTION
Sustainable development is an emerging social issue in the world. For this the increasing needs of the concrete
industry is to find out materials which comply with the basic goals of sustainable development and to decrease
its impact on the environment. The cement industry is a key source for CO2 emission. The production of
clinker is the most energy intensive steps in the cement manufacturing process and causes large emissions of
CO2 through the combustion of fossil fuels, as well as decarbonization of limestone. Carbon dioxide (CO2) is
one of the major greenhouse gases and causes serious negative impact on the environment. This leads the
researchers to reduce the cement consumption and use the waste materials as an alternative to cementing
materials. In blended cement, a portion of the clinker is replaced with industrial by-products, such as coal fly
ash, blast furnace slag or other pozzolanic materials. Over the year many waste materials, like fly ash, ashes
produced from various agricultural wastes have been tried as pozzolanic materials in the cement based
product. Use of Rice husk ash (RHA) as replacement of cement in making concrete has been increased to
minimize cement consumption and protection of the environment by reducing CO2 emissions Rice husk are
possibly the leading mill generated source of biomass with high silica content. A large quantity of rice husks
is generally available in the rice mills without additional efforts or cost involved. Some of the husks are used
for paddy milling process itself, generating a huge volume of ash. This ash has no useful application and
usually dumped directly and causes pollution and air contamination. Thus, the use of by-products is an
ecological welcoming process of disposal of large quantities of materials that would otherwise pollute land,
water and air. The Rice husk ash when added in cement mortar, it reacts with Ca ion and OH ion to produce
C- S- H gel which enhances the mechanical properties. Again, the physical effect of the finer grains of RHA
allows denser packing within the cement which reduces both pore sizes and porosity, and therefore raises
strength of cement mortar and concrete. Several previous studies revealed that use of rice husk ash up to 30%
increases water demand of cement mortar due to high fineness and porous surface of RHA which could be
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reduced by increasing the amount of water and adding super plasticizer (Givi et al., 2010; Safiuddin et al.
2011). The water absorption and electrical resistivity of RHA blended cement was reduced at 28 and 90 days
curing (Zahedi et al. 2015). The compressive strength and  tensile strength of cement mortar was found to be
reduced with increment in percentage of RHA (Rahman et al. 2014; Rukzon and Chindaprasirt, 2010).
However, some other findings showed an increment in compressive strength, tensile strength at 10-15% RHA
replacement level (Rajput et al., 2013; Chopra and Siddique, 2015). Givi et al. (2010) detected an
enhancement in chemical resistance, workability, initial and final setting time with the use of RHA in mortar.
Jamil et al. (2016) found that the RHA blended mortar showed improvement in CS, flexural strength, and
reduction in water absorption (2%) and total porosity (1%) at 20% replacement level. Saraswathy and Song
(2007) stated that the use of RHA in mortar reduced the chloride penetration, decreased permeability,
improved strength and corrosion resistance properties.

The aim of the present investigation is to evaluate the effect of rice husk ash on compressive strength and
water absorption of cement mortars at different water to binder ratios and curing ages. The mortar cube
samples have been designed by replacing cement with 0%, 5%, 10%, 20%, and 30% RHA at 0.45, 0.5 and
0.55 water cement ratios. The compressive strength of mortar cubes has been determined at 3, 7 and 28 days,
and water absorption has been determined at the end of 28 days curing.

EXPERIMENTAL PROGRAM
In this study, local river sand was used as Natural fine aggregate (NFA). The cement used in the present
investigation was Ordinary Portland Cement (OPC) of 43 grade conforming to IS: 8112-1989. The specific
gravity, consistency and fineness of cement was found to be 3.14, 33% and 4% respectively. The initial and
final setting time was 72 and 295 minutes respectively. The properties NFA was determined by conducting
several tests in the laboratory and the test results were furnished in Table 1. The Rice husk Ash was collected
from a local rice mill near Remed Chowk, Sambalpur, Odisha, India. The rice husk ash used in this study, was
non ground, greyish black in colour with irregular surface texture. The specific gravity of rice husk ash was
2.06. The loose and the compacted bulk density of this RHA were found to be 180 and 304 gm/cc
respectively.

Table 2. Properties of NFA

To achieve the experimental objectives, the mortar specimens were prepared with water to cement ratios 0.45,
0.5 and 0.55. For each water cement ratio, RHA was replaced at 0%, 5%, 10%, 20% and 30% with respect to
mass percentage of cement. For each percentage of RHA, 15 sample cubes were casted. First set of cubes
were of control mix, prepared only by considering different water to cement ratios without RHA. The mortar
used for control mix consists of 1 part cement and 3 parts of sand proportioned by mass. For preparing 5 cubes
1kg of cement was taken. A standard procedure was adopted for the preparation of mortar cubes. Every mortar
cube was casted with 3 layers of mix with each layer tamped 25 times. Mortar cubes were taken out from the
mould after 24hr of casting and placed under water for curing up to the testing ages. The compressive strength
was determined on 70.6 mm mortar cubes with compressive strength testing machine of capacity 2000kN
after 3, 7 and 28 days of curing. Three cubes were tested for each curing period in accordance with BIS (IS:
516-1959) and the average of tested values was expressed as test results. Similarly, the water absorption of
each mix was determined by testing three mortar cubes after 28 days curing and the mean of the three values
was expressed as the result for water absorption.

Specific
gravity

Fineness
modulus

Bulk density (kg/m3) Water absorption
(%)

Zone

Loose Compact

2.64 3.21 1548 1666 0.8 II
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RESULT AND DISCUSSION
COMPRESSIVE STRENGTH
The variations of 3 days compressive strength (CS) with of mortar specimens with respect to W/C ratio is
shown in Fig. 1. It can be seen that the 3 days CS of control mortar at w/c ratio 0.45 is 24MPa which reduces
to 23.2MPa when 5% of cement is replaced by RHA. Similarly CS of mortar containing 10%, 20%, 30% is
found to be 23MPa, 20.4MPa and 18.6MPa respectively. For w/c ratio 0.5, the 3 days CS of control mortar is
21MPa which reduced to 20.2MPa, 19.2MPa, 18.6MPa and 17MPa with 5%, 10%, 20% and 30% replacement
respectively. Moreover, for the w/c ratio 0.55, the control mortar strength is 19MPa. This is reduced to
18.9MPa, 18.6MPa, 16.2MPa and 13.29MPa with 5%, 10%, 20% and 30% replacement respectively. From
the above result, it is found that the reduction in 3days compressive strength occurs with an increase in water
to cement ratio as well as increasing percentage replacement of RHA. This reduction of CS with increasing
percentage of RHA could be attributed to the lower pozzolanic activity in early days. In addition to above,
reduction in CS for higher replacement levels is due to the reduction in the quantity of cementitious material.

Fig. 1: Variation of 3-days CS with different w/c ratios and RHA percentage

The variations of 7 days CS with of mortar specimens with respect to w/c ratio is shown in Fig. 2. It can be
seen that the 7 days CS of control mortar at w/c ratio 0.45 is 32.2MPa which increases to 32.6MPa when 5%
of cement is replaced by RHA. Similarly, CS of mortar cubes containing 10%, 20%, 30% RHA is found to be
32.8MPa, 28.3MPa and 27.4MPa respectively. For w/c ratio 0.5, the 7 days CS of control mortar is 28.16MPa
which increases to 29.05MPa, 29.96MPawith 5% and 10%replacement but decreases to 25.05MPa and
23.09MPa with 20% and 30% replacement respectively. Moreover, for the w/c ratio 0.55, the control mortar
strength is 23MPa. This is increased to 23.5MPa, 24MPa and then decreased to 22.8MPa and 20.1MPa with
5%, 10%, 20% and 30% replacement respectively. It can be seen that there is an increase of CS up to 10%
replacement of cement with RHA due to the pozzolanic activity of RHA. However, CS reduces when the
replacement level is more than 10%, which could be due the reduction in the amount of cementitious material
in the mix.
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Fig. 2: Variation of 7-days CS with different w/c ratios and RHA percentage
The variations of 28 days CS with of mortar specimens with respect to W/C ratio and RHA percentage is
shown in Fig. 3. It can be seen that the 28 days CS of control mortar at w/c ratio 0.45 is 41MPa which
increases to 42.3MPa when 5% of cement is replaced by RHA. Similarly CS of mortar containing 10%, 20%,
30% RHA are found to be 44.8MPa, 43.8MPa and 40.0MPa respectively. For w/c ratio 0.5, the 3 days CS of
control mortar is 38.02MPa which increased to 39.06MPa, 40.01MPa with 5% and 10% but decreased to
35MPa and 33.2MPa with 20% and 30% replacement respectively. Moreover, for the w/c ratio 0.55, the
control mortar strength is 32.06MPa. This is increased to 33.02MPa, 35MPa and then decreased to 29.96MPa
and 24.93MPa with 5%, 10%, 20% and 30% replacement respectively. It can be seen that there is an increase
of CS up to 10% replacement of cement with RHA due to increase in pozzolanic reaction.

Fig. 3: Variation of 28-days CS with different w/c ratios and RHA percentages
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The Fig. 4 indicates the percentage of water absorption with respect to different w/c ratio for different RHA
replacement percentage. At 0% replacement, i.e. in the control mortar the water absorption is 6.4%, 7.9%, and
10.4% for w/c ratio 0.45, 0.5 and 0.55 respectively. Again for 5% RHA replacement, the water absorption is
found to be 6.1%, 7.5% and  10.0% for w/c ratios 0.45, 0.5 and 0.55, respectively. Similarly for 10%
replacement, for w/c ratio 0.45, 0.5 and 0.55, the water absorption is 5.7%, 7.3% and 9.5% respectively.
Furthermore, the water absorption is reported as 5.9%, 7.7% and 10.2% for 20% replacement with w/c ratios
0.45, 0.5 and 0.55, respectively. Moreover, the water absorption for 10% replacement and w/c ratios 0.45, 0.5
and 0.55 is 6.5%, 8.1% and 10.8% respectively. The decrease in water absorption up to 10% RHA
replacement percentage may be attributed to the formation of CSH gel by the pozzolanic reaction of RHA,
decreasing the pores within the mortar.

The relationship between 28-days compressive strength and 28-days water absorption is illustrated in Fig. 5. It
is observed that water absorption is inversely proportional to the compressive strength of mortar cubes with
good correlation among the experimental values (R2= 0.87).

Fig. 4: Variation of 28-days water absorption with w/c ratios and RHA percentage

Fig. 5: Relationship between 28-days Water Absorption and  28-days CS
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CONCLUSION
In the present work a detailed and systematic experimental investigation is carried out on different properties
of Cement mortar incorporating Rice Husk Ash. The influence of different percentages of these aggregates on
the properties of cement mortar is investigated. The conclusions made are represented below:

 Compressive strength at 3 days reduced with the enhancement in the percentage of RHA because of lower
pozzolanic activity in early days. In addition to above, reduction in CS for higher replacement levels is
due to the reduction in the quantity of cementitious material.

 Compressive strength at 7 days decreases after 10 % replacement due to reduction in quantity of
cementitious material.

 Compressive strength at 28 days increases up to 10% replacement, which is due to increase in the
pozzolanic reaction of RHA and reactive silica.

 The water absorption of cement mortar decreases up to 10% RHA replacement after that it increases. The
28-days water absorption shows an indirect  relationship with 28-days compressive strength.

 The experiments states that the strength of cement mortar varies inversely with the water cement ratio.
Hence, with increase in water cement ratio from 0.45 to 0.55 the strength of cement mortar decreases.
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