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Abstract— Different materials with pozzolanic properties
such as fly ash. Condensed silica fume, blast furnace slag and
rice husk ash have played an important part in the production
of high performance concrete. During the late 20th century,
three has been an increase in the consumption of mineral
admixture by the cement and concrete industries.[4] The
increasing demand for cement and concrete is met by the
partial replacement for energy intensive Portland cement.
Pozzolanic materials have long demonstration their
effectiveness in producing high performance concrete.
Artificial pozzolanas such as supplementary cementing
material in many part of the world.[2] This work evaluates
the compressive strength of rice husk ash (RHA) as a partial
replacement for PPC in concrete.[1] The main aim of this
work is to determine the optimum %( 0, 8, 10, 12, 14, 16) of
(RHA) as partial replacement of cement for M35 grade of
concrete. And also effect of super plasticizer on mechanical
properties. [3] In addition, results show that RHA as an
artificial pozzolanic material has enhanced the durability of
RHA concrete.

Key words: Rice Husk Ash (RHA), Cement Replacement,
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I. INTRODUCTION

The price of the building materials has reached an alarming
rate of increase in the recent past. This has necessitated
government, private and individuals to go for research of
locally available materials to partially or fully replace the
conventional materials. The increasing demand for cement
and concrete is met by the partial replacement of cement.
The whole concept of this idea is to ensure that an average
working class citizen of India will be able to own a house.
Concrete being a composite material eccentrically composed
of a binder. Now, Concrete is not just made up of aggregate,
portland cement and water. Often but not always it has to
incorporate at least one of the additional ingredients such as
admixture or cementitious material to enhance its strength
and durability. Within which are embedded particles or
fragments of relative inert filler in Portland cement concrete.
The binder is a mixture of Portland cement. The filler may
be any of a wide variety of natural or artificial. Fine and
coarse aggregate; and in some instances an admixture.
Concrete is presently one of the most essential materials that
have been used in the civil engineering construction works.
When concrete is reinforced with steel, it has got a higher
capacity for carrying loads. Concrete being a heterogeneous
mix of several ingredients, the quality of the constituent
material and their respective proportions in the concrete,
determine its strength and other properties.

A vast majority of the cement used in construction
work as the Portland cement. Portland cement is
manufactured by mixing naturally occurring substances

containing calcium carbonate with substances containing
alumina, silica and iron oxide.

ASTM C618-05 defined pozzolana as siliceous or
siliceous and aluminous materials which in themselves have
little or no cementitious properties but when finely divided
and in moisture presence, at ordinary temperature causes
hydration of Portland cement to liberates calcium hydroxide
that possesses cementitous properties.

The development and research of materials and the
method in civil engineering was to find most important
aspects which are availability, environment compatibility,
and financial constraints. The selection of the construction
materials should only be made after a complete review of its
long-term performance, durability in the structure and
environment compatibility.

A. Sustainability

Sustainable development of the cement and concrete
industry requires the utilization of industrial and agriculture
waste components. At present, for a various reason, the
concrete construction industry is not sustainable. Firstly it
consumes huge qualities of virgin materials which can
remain for next generations. Secondly, the principle binder
in concrete is Portland cement, the production of which is a
major contribution to greenhouse gas emissions that are
implicated in global warming and climate change. Thirdly,
durability of many concrete structures is lacking that causes
natural resources wastage. So, substituting a part of cement
with practical recycled product may be a solution that seems
to be desirable for sustainable development.

B. Concrete and the Environment

How does concrete fit into this complex world scenario of
the construction industry? The answers are simple but wide-
ranging. Apart from many limitations, concrete is still
preferred as a construction material and identified as one of
the savior of nation's infrastructure. Also, economic
progress and stability of any nation is perceived indirect link
with the concrete, and indeed, to the standard quality of life.
Major advantage of concrete is easy and readily preparation
and fabrication into almost all conceivable shapes and
structural systems in infrastructure realm. Availability of
constituents everywhere in world makes it widely used
construction material. Either beauty of concrete or cause of
its poor performance depends totally upon both, choice of
the constituents and the proportioning of its constituents by
the engineer or the technologist. The most outstanding
quality of the material has inherent alkalinity into it that
provides a passivation mechanism which can safeguard
embedded steel reinforcement by making a non-corroding
environment available for it. Reliability & durability of
concrete in construction world has been observed by
understanding its material after a long experience on
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exposure to sheltered conditions (no exposure to severe
environments or aggressive agents). Also, there have been
remarkable evidences that have shown trouble free service
of designed concrete even at exposures in moderately
aggressive environments, when provided practiced with care
and control at production and fabrication stages, followed by
well-planned maintenance and inspection systems.

C. Environmental Impacts

Engineers cannot afford to ignore the impact of construction
technology on our surroundings - and these implications are
applied to regional, national and Global scale on
environment. World Resources, energy consumption and
emission of carbon dioxide are few visible influences of
rapid construction. Concrete possesses an excellent
ecological profile as compared to glasses, metals and
various polymers. Material and energy requires for the
production of concrete is least for a satisfactory desired
engineering property such as strength, elastic modulus or
durability. Also, concrete is known for production of least
harmful by-products, and causes the least damage to the
environment as compared to other competent construction
materials. In spite of this, we have to accept that Portland
cement is both resource and energy - intensive. Every tons
of cement requires about 1.5 tons of raw materials, and
about 4000 to 7500 MJ of energy for production. The cost of
energy to produce a ton of cement is estimated to account
for 40 - 45% of the total plant production cost. Much more
importantly, every tons of cement releases 1.0 to 1.2 tons of
CO; into the ambient environment on the time when
material is kept in place. In the world we live in, the use of
resources and energy, and the degree of atmospheric
pollution that it inflicts are most important.

D. Deterioration of Concrete

It is now well established that the record of concrete as a
material of everlasting durability has been greatly impaired,
for no fault of its own, by the material and structural
degradation that has, nevertheless, become common in many
parts of the World. The major reasons for this apparent fall
from grace are numerous — partly out of the perceived (or
sometimes planted) image of concrete as a material of
enduring quality that needs no maintenance, and as a
medium that will not deteriorate; and partly by the
assumption that somehow the impermeability of concrete
and protection of the embedded steel against external
aggressive agencies will be automatically and adequately
provided for by the cover thickness and the presumed
quality of concrete. As a specific example, some 40% of
more than 500,000 highway bridges are rated as structurally
deficient or functionally obsolete. Some $100 billion is the
estimated requirement to eliminate current backlog of bridge
deficiencies, and maintain repair levels. It can be readily
seen that there is a fundamental problem in the construction
industry - with choice of materials, design, Construction,
maintenance, repair and rehabilitation.

Il. HISTORICAL REVIEW

Moayad N. Al-Khalaf, Hana A. Yousif [1] prepared a rice
husk ash as a pozzolana by a special process such that the
final product conformed to engineering requirements in
terms of physical and chemical properties and the silica

remained in an amorphous form with a minor amount of
unburnt carbon. Results indicated that such a pozzolana can
be produced with varying pozzolanic activity index
depending on the degree of grinding and the burning
temperature. The effect of rice husk ash content as partial
replacement of cement on compressive strength and volume
changes of different mixes is investigated. Test results
showed that up to 40% replacement can be made with no
significant change in compressive strength compared with
the control mix. However, the effect on volume changes is
within the limit specified in the American Standard.

Muhammad Shoaib Ismail, A.M. Waliuddin [2]
produced a high strength concrete (hsc) by using locally
available materials. They obtained an ash by burning rice
husk, an agro-waste material. They studied the effect of rice
husk ash (RHA) that passes through #200 and #325 sieves
as a 10-30% replacement of cement on the strength of HSC.
They casted & tested a total of 200 test specimens at 3, 7, 28
and 150 days. Compressive and split tensile strengths of the
test specimens were determined. They found that cube
strength over 70 MPa was obtained without any replacement
of cement by rice husk ash. Test results indicated that
strength of hsc decreased when cement was partially
replaced by RHA for maintaining same level of workability.

M. Nehdi, J. Duquette, A. EI Damatty [3] studied
Performance of rice husk ash produced using a new
technology as a mineral admixture in concrete. He
investigated the use of a new technique for the controlled
combustion of Egyptian rice husk to mitigate the
environmental concerns associated with its uncontrolled
burning and provide a supplementary cementing material for
the local construction industry. The reactor used provides
efficient combustion of rice husk in a short residency time
via the suspension of processed particles by jets of a process
air stream that is forced though stationary angled blades at
high velocity. Investigations on the rice husk ash (RHA)
thus produced included oxide analysis, X-ray diffraction,
carbon content, grindability, water demand, pozzolanic
activity index, surface area, and particle size distribution
measurements. In addition, concrete mixtures incorporating
various proportions of silica fume (SF) and Egyptian RHA
(EG-RHA) produced at different combustion temperatures
were made and compared. The workability, superplasticizer
and air-entraining admixture requirements, and compressive
strength at various ages of these concrete mixtures were
evaluated, and their resistance to rapid chloride penetrability
and deicing salt surface scaling were examined. Test results
indicate that contrary to RHA produced using existing
technology, the superplasticizer and air-entraining agent
requirements did not increase drastically when the RHA
developed in this study was used. Compressive strengths
achieved by concrete mixtures incorporating the new RHA
exceeded those of concretes containing similar proportions
of SF. The resistance to surface scaling of RHA concrete
was better than that of concrete containing similar
proportions of SF. While the chloride penetrability was
substantially decreased by RHA, it remained slightly higher
than that achieved by SF concrete.

D.D. Bui, J. Hu, P. Stroeven [4] studied effect of
particle size on the strength of rice husk ash blended gap-
graded Portland cement concrete. He used rice husk ash
(RHA) as a highly reactive pozzolanic material to improve
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the microstructure of the interfacial transition zone (ITZ)
between the cement paste and the aggregate in high-
performance concrete. Mechanical experiments of RHA
blended Portland cement concretes revealed that in addition
to the pozzolanic reactivity of RHA (chemical aspect), the
particle grading (physical aspect) of cement and RHA
mixtures also exerted significant influences on the blending
efficiency. The relative strength increase (relative to the
concrete made with plain cement, expressed in %) is higher
for coarser cement. The gap-grading phenomenon is
expected to be the underlying mechanism. This issue is also
approached by computer simulation. A stereological spacing
parameter (i.e., mean free spacing between mixture
particles) is associated with the global strength of the
blended model cement concretes. This paper presents results
of a combined mechanical and computer simulation study
on the effects of particle size ranges involved in RHA-
blended Portland cement on compressive strength of gap-
graded concrete in the high strength/high performance
range. The simulation results demonstrate that the
favourable results for coarser cement (i.e., the gap-graded
binder) reflect improved particle packing structure
accompanied by a decrease in porosity and particularly in
particle spacing.

K. Ganesan, K. Rajagopal, K. Thangavel [5]
studied Rice husk ash blended cement: Assessment of
optimal level of replacement for strength and permeability
properties of concrete. In their study, rice husk ash (RHA)
prepared from the boiler burnt husk residue of a particular
rice mill has been evaluated for optimal level of replacement
as blending component in cements. The physical, chemical
and mineralogical characteristics of RHA were first
analysed. The properties of concrete investigated include
compressive strength, splitting tensile strength, water
absorption, sorptivity, total charge-passed derived from
rapid chloride permeability test (RCPT) and rate of chloride
ion penetration in terms of diffusion coefficient. This
particular RHA consists of 87% of silica, mainly in
amorphous form and has an average specific surface area of
36.47 m?/g. Test results obtained in this study indicate that
up to 30% of RHA could be advantageously blended with
cement without adversely affecting the strength and
permeability properties of concrete. Another interesting
observation emanating from this study is the linear
relationship that exists among water sorptivity, chloride
penetration and chloride diffusion.

I11. OBJECTIVE OF STUDY

The main objective of the present investigation is to evaluate
the suitability of rice husk ash (RHA) produced by open
burning as partial replacement for cement in concrete. This
investigation target to determine the optimum percentage (0,
8, 10, 12, 14, 16%) of rice husk ash as a partial replacement
of cement for M35 grade of concrete.

IV. MATERIAL

A. Cement

Binding material that sets and hardens and used as a binder
for other materials is known as cement. Cement which is
used for construction purposes can be classified as hydraulic
and non-hydraulic. The most commonly used cement for

construction purposes is ordinary Portland cement.53 grade
ordinary Portland cement is used for the casting of paver
blocks.

The ordinary Portland cement is manufactured by
thoroughly mixing together calcareous and argillaceous
and/or other silica alumina or iron oxide bearing materials,
burning them at a clinkering temperature and grinding the
clinker to produce a cement.(IS 12269).

B. Rice Husk Ash (RHA)

Rice husk Ash used in the present experimental study was
obtained from Bhargav krisi farm Jijajipur Vidisha. The
ground ash was taken for chemical and physical tests to
check on its performance as a pozzolanic material.

C. Fine Aggregates

Fine aggregate was procured which satisfied properties of
the aggregate required for experimental work and the sand
conforms to zone Il as per the specifications of 1S: 383:
1970.

- Specific gravity = 2.62

- Fineness modulus = 2.53

D. Coarse Aggregate

Crushed granite of 20mm maximum size has been used as
coarse aggregate. The sieve analysis of combined aggregates
confirms to the specifications of 1S 383: 1970 for graded
aggregates.

—  Specific gravity =2.67

—  Fineness Modulus = 1.63

E. Super-Plasticizer

Super plasticizers are usually highly distinctive in their
nature, and they make possible the production of concrete
which, in its fresh or hardened state, is substantially
different from concrete made using water-reducing
admixtures.

This is the name of the super plasticizing admixture
manufactured by “FOSCROC Chemicals” used in this
project. The main objectives of using this super plasticizer
are to produce high workability concrete requiring little or
no vibration during placing.

Conplast SP430A2 complies with IS: 9103 and BS:
5075 and ASTM-C-494 Type‘G’ as a high range water
reducing admixture. Conplast SP430A2 is based on
Sulphonated Naphthalene Polymers and is supplied as a
brown liquid instantly dispersible in water. Conplast
SP430A2 has been specially formulated to give high water
reduction up to 25% without loss of workability or to
produce high quality concrete of reduced permeability.

—  Specific gravity: 1.265 —1.280 at 270C
— Chloride content: Less than 0.05%, Air entrainment:
Less than 1% over control

F. Water

Water is an important ingredient of concrete as it actively
participates in the chemical reaction with cement. Since it
helps to form the strength giving cement gel, the quantity
and quality of water is required to be looked in to very
carefully. Mixing water should not contain undesirable
organic substances or inorganic constituents in excessive
proportions. In this project clean potable water was obtained
for mixing and curing of concrete
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V. M-35 CONCRETE MIX DESIGN

Grade of concrete =M35

Characteristics strength of concrete (fck)
Standard deviation = 1.91 MPa*

Target mean strength: T.M.S. = fck +1.65 x S.D.
(From 1.5.456-2000) = 35 + 1.65 x 1.91 = 38.15 MPa

A. Test Data for Material
1) Aggregate Type

Crushed stone

2) Specific gravity

For cement: 3.15
Coarse aggregate: 2.67
Fine aggregate: 2.62

3) Water absorption

- Coarse aggregate: 0.5%
~ Fine aggregate: 1.0%

=35 MPa

B. Mix Design Procedure

Take sand content as % of total aggregate = 36 %
—  Select water cement ratio = 0.43 for M35
— Select water content = 172 litres (maximum water
content from IS code is 186 kg/m3).

Hence cement content = 172/0.43 = 400Kg/m?®

Formula for max proportions of fine and coarse
aggregate:

1000(1-ao) = {(cement content / sp.Gravity of cement) +
(water content + F, /sp.gravity *Pf)}
1000(1-ao) = {(cement content / sp.Gravity of cement)+
(water content / sp.gravity * pc)}

Where ca = coarse aggregate content
— Fa=fine aggregate content
—  Pf=sand content as % of total aggregate = 0.36
—  Pc = coarse aggregate % as of total aggregate = 0.64
— Ao =% of air content in concrete 2% = 0.02
Hence

=1000(1-0.02) = { (400/3.15)+ 172+fa/2.62x0.36)}
Fa =642 Kg/cum

As the sand is zone 2 no. adjustment is required.

Hence, 1000 (1-0.02) = {( 400/3.15)+172+(Ca/2.67
x 0.64)}

Fa =1165 Kg/cum

From combined gradation of Coarse aggregates it
has been found out that the proportion of 53:47 of 20 mm &
10 mm aggregates produces the best gradation as per IS:
383.

Hence, 20 mm Aggregates = 619 Kg and 10 mm
Aggregates = 546 Kg

To obtain slump in the range of 150-190 mm water
reducing admixture brand SP430 from Fosroc with a dose of
0.3 % by weight of Cement shall be used.

Mix proportion then becomes: - 1:1.6:2.907

VI. OBSERVATION

RHA: PPC | 0:100 | 8:92 | 10:90 | 12:88 | 14:86 | 16:84

Water
content for
standard 31 33 35 36 37 38
consistence
%

Table 1: Effect of RHA on Water Requirements for
Standard Consistency

sample Mix Ratio | Setting Times (Min.)
RHA : PPC Initial Final
CcC 0:100 35 183
CC1 8:92 38 195
CC2 10:90 44 200
CC3 12:88 48 210
CC4 14:86 52 217
CC5 16:84 55 225
Table 2: Effect of RHA on Setting Time of Concrete
Sample Mix Ratio Slump (mm)
RHA: PPC
CcC 0:100 42.5
CC1 8:92 32
CC2 10:90 20
CC3 12:88 10
CC4 14:86 5
CC5 16:94 4

Table 3: Effect of RHA on Workability of Concrete

Sample Compressive Strength in N/mm?
7 days 14 days 28 days
CC 30.67 32.44 40.44
CC1 23.11 27.33 37.33
CC2 28.78 28.78 39.11
CC3 25.33 28.22 37.78
CC4 19.5 21.33 26.22
CC5 18.22 20 25.33
Table 4: Effect of RHA on Compressive Strength of
Concrete

VII. CONCLUSION

The results of the study show that there are good prospects
of using RHA as pozzolana in combination with PPC in the
construction industry.

The RHA wused in this study is a pozzolanic
material; it is rich in silica (76.3%). The loss of ignition was
relatively high (14.6%). Increasing RHA, fineness increases
and increasing its reactivity.

Increase in the amount of RHA in the mix resulted
in dry and unworkable mixture unless Sp is added. The
inclusion of Sp in RHA concrete while maintaining the
water cement ratio increased the slump and improved the
cohesiveness of the concrete.

The compressive strength of the blended concrete
with 10% RHA obtained 39.11 N/mm? could be valuably
replaced by RHA after 28 days curing. The compressive
strength increases with curing time.

The physical effect of the RHA particles increases
the composites density and micro structural homogeneity by
filling the micro pores thereby densifying the structure
which in turn yields increase strength and decrease the
porosity. Hence RHA improves the microstructure and
durability of the hardened concrete.

From the study conducted, it was clearly observed
that RHA has a pozzolanic property that has the potential to
be used as partial cement replacement material and can
contribute to the sustainability of the construction material.
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Fig. 1: Compressive Strength obtained by different RHA
mixes on different time
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