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ABSTRACT:
Concrete is an artificial material in which the 
aggregates both fine and coarse are bonded 
together by the cement when mixed with water. 
The concrete has become so popular and 
indispensable because of its inherent, concrete 
brought a revolution in applications of concrete. 
Concrete has unlimited opportunities for innovative 
applications, design and construction techniques. 
Its great versatility and relative economy in filling 
wide range of needs has made it is very competitive 
building material. With the advancement of 
technology and increased field of applications of 
concrete and mortars, the strength workability, 
durability and other characters of the ordinary 
concrete need modifications to make it more 
suitable for challenging 
This work focuses on the following proportions 
GGBS and Rice husk ash (RHA) with Synthesis 
Egg shell powder (ESP). Two categories of by 
products such as GGBS, rice husk ash with five 
distinct contents of 0%, 5%, 10%, 15% and 20%, in 
terms of weight were performed for the substitution 
of cement and addition of a persistent 5% egg shell 
powder in every substitution. At first we have 
evaluated the physical and chemical attributes of 
fly ash, rice husk ash and egg shell powder. The 
restraints considered for analysis included 
compressive strength, splitting tensile strength, 
flexure strength, sorptivity, total charge passed 
acquired from swift chloride permeability test 
(RCPT) and tempo of chloride ion diffusion 
according to the diffusion coefficient. However, 
assessment results accomplished underscore the 
point that strength and permeability properties of 
concrete significantly jumping up to 30% of 
cement substitution by combined FA (15%), RHA 
(15%) with additive ESP (5%), and subsequently 
tends to drop down with every supplementary 
accumulation of substitution outside this level.

I. INTRODUCTION
Concrete is the most commonly used construction 
material; its usage by the communities across the 
globe is second only to water. Customarily, 
concrete is produced by using the Ordinary 
Portland Cement (OPC) as the binder. The usage of 
OPC is on the increase to meet infrastructure 

developments. The world-wide demand for OPC 
would increase further in the future. It is well-
known that cement production depletes significant 
amount of natural resources and releases large 
volumes of carbon-dioxide. Cement production is 
also highly energy-intensive, after steel and 
aluminium. On the other hand, coal burning power 
generation plants produce huge quantities of fly 
ash, GGBS and some of the materials which are 
byproducts. The volume of fly ash would increase 
as the demand for power increases. Most of the fly 
ash is considered as waste and dumped in landfills. 
In order to address the issues mentioned above, it is 
essential that other forms of binders must be 
developed to make concrete. 

 To increase the strength of concrete with 
the usage of byproducts.

 Study on GGBS, Rice Husk Ash.
 Usage of Egg Shell Powder.

SCOPE OF THE PROJECT:
It is observed that different study reports have been 
brought to light as regards the evaluation of 
individual effectiveness of Metakaolin, Rice husk 
ash and Egg shell blended concrete. Nevertheless, 
there is a scarcity in respect of the study reports 
which focused on the joint implementation of Meta 
kaolin and rice husk ash. The main reason for the 
current exploration is to accurately assess 
Metakaolin, Rice husk ash (RHA) and Egg shell 
powder (ESP) chemically, physically and miner 
logically differentiated, to explore the feasibility of 
their employment as a cement-substituting material 
in the concrete industry.” Meta kaolin obtain 
from/local suppliers. “Metakaolin is manufactured 
Pozzolanic mineral admixture which significantly 
enhances many performance characteristics of 
cement-based mortars, concrete and related 
products. The use of Pozzolanic materials in the 
manufacture of concrete has a long, successful 
history. Most pozzolans used in the world today are 
by products from other industries, such as coal 
flash, blast furnace slag, rice husk and silica fumes. 
“Metakoline is a dehydroxylated form of the clay 
mineral kaolinite. Rocks which have more a 
kaolinite are known as china clay or kaolin, area 
used traditionally in the manufacture of porcelain 
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The particle size of Metakoline is smaller than 
cement particles, but not as fine as silica fume.” 
The supplementary pozzolanic agent from 
agriculture by-products like rice husk ash (RHA) 
are emerging as hot topics of incessant research. 
Rice husk ash has high silica substance in the shape 
of non-crystalline. Hence, it is a pozzolanic 
material which can be employed as additional 
cementitious objects. Rice husk is an agricultural 
remainder derived from the external cover of rice 
grains during milling procedure. 

OBJECTIVES
The most important objectives of this study are 

1) To study the relative strength development with 
age of (ESP) concrete, with control concrete.” 

2) To study the comparative strength development 
with age of (RHA+ESP) concrete, with control 
concrete.” 

3) To study the comparative strength development 
with age of (GGBS+ESP) concrete, with control 
concrete.” 

4) Use of industrialized waste in a positive way. 

5) To conduct compression test on (RHA+ESP) 
and (GGBS+ESP) with ordinary concrete on 
standard IS specimen size (150 x 150 x 150) mm. 

6) To protect the environment by utilizing waste 
properly

II LITERATURE REVIEW
Amarnath Yerramala studied the Properties of 
concrete with eggshell powder as cement 
replacement. This paper describes research into use 
of poultry waste in concrete through the 
development of concrete incorporating eggshell 
powder (ESP). Different ESP concretes were 
developed by replacing 5-15% of ESP for cement. 
The results indicated that ESP can successfully be 
used as partial replacement of cement in concrete 
production. The data presented cover strength 
development and transport properties. With respect 
to the results, at 5% ESP replacement the strengths 
were higher than control concrete and indicate that 
5% ESP is an optimum content for maximum 
strength. In order to investigate properties of ESP 
concretes, five mixes were employed in this study. 
Several laboratory trial mixes were carried out with 
300kg/m3 cement. Water to cementitious ratio, 
coarse and fine aggregate quantities was arrived for 
concretes to be tested from the trial mixes. In this 
study, Compressive loading tests on concretes were 
conducted on a compression testing machine of 

capacity 2000 KN. For the compressive strength 
test, a loading rate of 2.5 kN/s was applied as per 
IS. The test was conducted on 150mm cube 
specimens at 1, 7 and 28 days. Compressive 
strength was higher than control concrete for 5 % 
ESP replacement at 7 and 28 days of curing ages. 
ESP replacements greater than 10 % had lower 
strength than control concrete. Addition of fly ash 
improved compressive strength of ESP concrete 
was observed that, the waste of egg shell powder 
used in the concrete will be comparatively low cost 
when compared with normal concrete. 

D.Gowsika et al experimentally investigated the 
Egg Shell Powder as Partial Replacement with 
Cement in Concrete. This paper reports the results 
of experiments evaluating the use of egg shell 
powder from egg production industry as partial 
replacement for ordinary Portland cement in 
cement mortar. The chemical composition of the 
egg shell powder and compressive strength of the 
cement mortar was determined. The cement mortar 
of mix proportion 1:3 in which cement is partially 
replaced with egg shell powder as 5%, 10%, 15%, 
20%, 25%, 30% by weight of cement. The 
compressive strength was determined at curing 
ages 28 days. There was a sharp decrease in 
compressive strength beyond 5% egg shell powder 
substitution. The admixtures used are Saw Dust 
ash, Fly Ash and Micro silica to enhance the 
strength of the concrete mix with 5% egg shell 
powder as partial replacement for cement. In this 
direction, an experimental investigation of 
compressive strength, split tensile strength, and 
Flexural strength was undertaken to use egg shell 
powder and admixtures as partial replacement for 
cement in concrete. 

Praveen Kumar R et al experimentally 
investigated the Partial Replacement of Cement 
with Egg Shell Powder. The aim of this study is to 
study the chemical composition of the egg shell to 
find its suitability of replacement in the concrete. 
To examine the feasibility of utilizing the egg shell 
and silica fume as cement replacement material. To 
study the strength parameters of the egg shell 
powder mixed specimens and to compare it with 
conventional specimens. The scope of the study is 
to cast the concrete specimens and conduct the 
compressive strength test, split tensile strength test 
and flexural strength test at 7th & 28th day, with the 
specified combinations of egg shell powder and 
compare it with the controlled concrete specimens. 
In this project M30 Concrete is designed for 
various combinations. A combination of Egg shell 
with silica fumes are used in different combinations 
to find the feasibility of using the Egg shells as an 
alternate to cement Egg shell powder replaces 10%, 
20% and 30% in addition with the silica fume by 
5%, 10%, 15% of weight of cement. Concrete is 
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cast and Compressive test, Tensile and Flexural 
tests were carried out to find the best combination 
which results in optimum percentage of strength. 
Freire et al carried out the investigation on egg 
shell waste and found out its use in a ceramic wall 
tile paste. Based on the presence of CaCO3 in egg 
shell it can be used as an alternative raw material in 
the production of wall tile materials they Also 
found that egg shell can be used as an excellent 
alternative for material reuse and waste recycling 
practices. 

Lau yih bling conducted the investigation in egg 
albumen and reported that foamed concrete was 
prepared by egg albumen which has reduce the cost 
and time of project. 1 per cent and 5 per cent egg 
albumen were used. From the investigation it is 
concluded that 5 per cent of EAFC consists of 
unstable compressive strength and higher flexural 
strength with increased density when compared 
with control foamed concrete which was 64 per 
cent and 35 per cent. In this study it is proved that 
Egg Albumen Foamed Concrete (EAFC) can 
produce light weight concrete which is more 
environment friendly and improved properties. 

Amu et al carried out the experiment and stated 
that common salt with egg shell on lateritic soil 
obtaining a good compliment for egg shell as a 
useful stabilizer for road works. Stabilization 
obtained by adding 2-10 per cent of common salt 
with optimum egg shell powder. The result showed 
that the addition of common salt improved the 
compaction and CBR characteristics of egg shell 
stabilized soils. Ngo slew kee investigated on the 
topic of effect of coconut fiber and egg albumen in 
mortar for greener environment and reported the 
effect of coconut fiber and egg albumen on mortar 
compressive and flexural strength. 3 types of 
samples were tested to compare the strength 
development of each other’s that was mortar 
control, mortar containing 0.1 per cent coconut 
fiber with 1 per cent egg albumen and mortar 
containing 0.5 per cent coconut fiber with 5 
percentage albumen. The strength of mortar 
containing 0.1 per cent coconut fiber with 1 per 
cent egg albumen was higher than the mortar 
control whereas the mortar containing 0.5 percent 
coconut fiber ± 5 per cent egg albumen was lower 
strength than the mortar control. The strength of 
mortar containing 0.1 per cent coconut fiber with 1 
per cent egg albumen was higher than the mortar 
control whereas the mortar containing 0.5 per cent 
coconut fiber ± 5 per cent egg albumen was lower 
strength than the mortar control. 

Okonkwo et al has concluded in his research that 
Egg Shell ash can be used as an alternate for 
cement which resulted in higher compressive 
strength on lateritic soil. Constant Cement of 6 and 
8 per cent added with the egg ash powder of 0-10 

per cent at 2 per cent intervals shows increase in 35 
per cent of compressive strength but fell short of 
the strength requirements the durability. 
Ultimately, they found that soil-cement egg shell 
mixture can be used for road pavements. 

III MATERIALS
In making any type of concrete, selection 

and type of materials is very important as all the 
properties depends on them.

The following materials are being used and are 
listed below.

 Cement
 Fine aggregate (sand)
 Coarse aggregate
 Water 
 GGBS
 Rice Husk Ash
 Egg Shell Powder

CEMENT
The most common cement used is an 

Ordinary Portland Cement (OPC). The Ordinary 
Portland Cement of 53 grade (OPC) conforming to 
IS: 8112-1989 is used. It is a powered adhesive and 
cohesive substance which when mixed with fine 
aggregate, coarse aggregate and water form a paste 
which on curing for certain period turns in to mass 
of hard stone. Proper selection of cement is utmost 
important as the strength of concrete mostly 
depends on it. The properties of cement are shown 
in Table.

Fig.: Cement
Table: 3.1. Properties of Cement

Aggregates
Aggregates are inert granular materials such as 
sand, gravel or crushed stone that are an end 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/339

ssc
Textbox
III MATERIALS



product in their own right. They are also the raw 
materials that are an essential ingredient in 
concrete. For a good concrete mix, aggregates need 
to be clean, hard, strong particles free of absorbed 
chemicals or coatings of clay and other fine 
materials that could cause the deterioration of 
concrete.
Depending upon the size the aggregates are 
classified into two types

Fine Aggregate 

Coarse Aggregate

Fine Aggregate
Fine aggregate are basically sands won from the 
land or the marine environment. Fine aggregates 
generally consist of natural sand or crushed stone 
with most particles passing through a 9.5mm sieve. 
As with coarse aggregates these can be from 
Primary, Secondary or Recycled sources. The 
selection of fine aggregate is also on important 
factor as it directly affects the strength of concrete 
with the varying utilization of water.

Table: Properties of Fine Aggregate.

Coarse Aggregate
Coarse aggregates are particles greater than 
4.75mm, but generally range between 9.5mm to 
37.5mm in diameter. They can either be from 
Primary, Secondary or Recycled sources. Primary, 
or 'virgin', aggregates are either Land- or Marine-
Won. Gravel is a coarse marine-won aggregate; 
land-won coarse aggregates include gravel and 
crushed rock. Gravels constitute the majority of 
coarse aggregate used in concrete with crushed 
stone making up most of the remainder.

Table: Properties of Coarse Aggregate.

GROUND GRANULATED BLAST FURNACE 

SLAG (GGBS)

Ground Granulated Blast Furnace Slag 
(GGBS) is a byproduct of Iron industry and which 
is obtained from during the manufacture of iron. 
The molten slag is a secondary product of sintering 
of the raw materials and this is quenched under 
high pressure of water jets, which results as 
granulates. The GGBS is obtained when the 

granulated slag is ground to a very fine powder 
with a specific surface area of 400-600m2/kg. The 
chemical composition of a slag vary significantly 
depends on the composition of the raw materials in 
the iron production process. Silicate and aluminates 
impurity from the ore and coke be mutually in 
the blast furnace with a flux which lowers 
the viscosity of the slag. In the case of pig iron 
manufacture the flux consists mainly of a mixture 
of limestone and forsterite or within some 
cases dolomite. In the blast furnace the slag float 
on top of top of the iron and is decant for 
separation. Slow cool of slag melts results in an 
uncreative crystalline material consisting of a 
collection of Ca-Al-Mg silicates.

Fig.: GGBS

Table: Chemical Composition (%) of GGBS

EGG SHELL POWDER
Eggshell is made almost entirely of calcium 
carbonate (CaCO3) crystals. It is a semipermeable 
membrane, which means that air and moisture can 
pass through its pores. The shell also has a thin 
outermost coating called the bloom or cuticle that 
helps keep out bacteria and dust. The main 
ingredient in eggshells is calcium carbonate (the 
same brittle white stuff that chalk, limestone, cave 
stalactites, sea shells, coral, and pearls are made 
of). The shell itself is about 95% CaCO3 (which is 
also the main ingredient in sea shells).
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Fig.: Egg Shell Powder

RICE HUSK ASH

Rice milling  generates a by-product know as 
husk  . This surrounds the paddy grain. During 
milling of paddy  about 78 % of weight is received 
as rice , broken rice and bran .Rest 22 % of the 
weight of paddy is received as husk . This husk is 
used as fuel in the rice mills to generate steam for 
the parboiling process . This husk contains about 
75 % organic volatile matter  and the balance 25 % 
of the weight of this husk  is converted into ash 
during the firing process , is  known as rice husk 
ash ( RHA ).  This RHA in turn contains around 85 
% - 90 % amorphous silica. So for every 1000 kgs 
of paddy milled , about 220 kgs  ( 22 % ) of husk is 
produced  , and when this husk is burnt in the 
boilers , about  55 kgs ( 25 % )  of RHA is 
generated.

Fig.: Rice Husk Ash

MIX DESIGN:
In this project research we hired M30 mix design 
and cement replaced with GGBS and Rice Husk 
ash  along with Egg shell powder with respective 
percentages by weight of cement

IV EXPERIMENTAL INVESTIGATION

COMPRESSIVE STRENGTH TEST
Concrete cubes of sizes 

150mm×150mm×150mm were tested for crushing 
strength. Compressive strength depends on loads of 
factor such as w/c ratio, cement strength, 
excellence of concrete material and excellence 
control during manufacture of concrete.

These cubes are tested by compression 
testing machine after 7 days, 14 days or 28 days 
curing. The sample is placed centrally on the base 
plate of machine and the load have to be apply 
gradually at the rate of 140 kg/cm2 per minute till 
the specimen fails. Load at the failure separated by 
area of sample gives the compressive strength of 
concrete. The sample to increased load breaks 
down and no greater load greater load can be 
constant. The maximum load applied to specimen 
shall then be recorded and any unusual value noted 
at the time of failure brought out in the report. 

The cube compressive strength, then 
fc=P/A N/mm2

Where P is an ultimate load in N, A is a cross 
sectional area of cube in mm2 

Fig. Compressive Strength Test

SPLIT TENSILE STRENGTH OF 
CONCRETE
The tensile strength of concrete is one of the basic 
and important properties. Splitting tensile strength 
test on concrete cylinder is a method to determine 
the tensile strength of concrete. The concrete is 
very weak in tension due to its brittle nature and is 
not expected to resist the direct tension. The 
concrete develops cracks when subjected to tensile 
forces. Thus, it is necessary to determine the tensile 
strength of concrete to determine the load at which 
the concrete members may crack. 
Splitting tensile strength test on concrete cylinder is 
a method to determine the tensile strength of 
concrete. Split tensile strength test was conducted 
by using the method prescribed by IS5816-1999. 
Cylinders of 150mm×300mm were used for this 
test. The specimens were tested for 7, 14, 28 days 
the cylinder specimen was placed in horizontal 
direction on the testing machine. 
The splitting of cylinder is shown in figure. The 
following relation is used to find out the spilt 
tensile strength of cylinder 

Ft = 
Where Ft is split tensile strength,
 P= Ultimate load in KN
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L = Length of the cylinder in mm, D = Diameter of 
the cylinder in mm

Fig.: Split Tensile Strength Testing Machine.

FLEXURE STRENGTH TEST
Flexural strength test on concrete beam to 
determine the strength of concrete. Flexural 
strength test was conducted by using the method 
prescribed by IS 516 – 1959. 
Beams of dimension 700mm×150mm×150mm 
were used for this test, the test specimen is placed 
in the machine at the bearing surfaces of the 
supporting and loading rollers. So that the load 
shall be applied without shock and increasing 
continuously at a stress increases at approximately 
7 kg/sq mm that is at a rate of loading 400 kg/min 
for the 150 mm specimens. The load shall be 
increased until the specimen fails, and the 
maximum load applied to the specimen during the 
test shall be recorded.
Where, Modulus of rupture f = PL/BD2

 P is the load in KN.
 L, B is the length and breadth in mm.
D is the depth in mm.
f is the flexure strength in N/mm2

Fig.:  Flexural Strength Testing Machine.

SORPTIVITY TEST
The sorptivity can be determined by the 
measurement of the capillary rise absorption rate 
on reasonably homogeneous material. Water was 
used of the test fluid. The cylinders after casting 
were immersed in water for 90 days curing. The 
specimen size 100mm dia @50 mm height after 
drying in oven at temperature of 100 + 10 °C were 
drowned as shown in figure 4with water level not 
more than 5 mm above the base of specimen and 

the flow from the peripheral surface is prevented 
by sealing it properly with non-absorbent coating.

Fig.: Test specimens for sorptivity test

RCPT (RAPID CHLORIDE PERMEABILITY 
TEST)

Corrosion of reinforcing steel due to chloride 
ingress is one of the most common environmental 
attacks that lead to the deterioration of concrete 
structures. Corrosion-related damage to bridge 
deck overlays, parking garages, marine structures, 
and manufacturing plants results in millions of 
dollars spent annually on repairs. This durability 
problem has received widespread attention in 
recent years because of its frequent occurrence and 
the associated high cost of repairs. Chlorides 
penetrate crack-free concrete by a variety of 
mechanisms: capillary absorption, hydrostatic 
pressure, diffusion, and evaporative transport. Of 
these, diffusion is predominant.

Fig.: RCPT setup

V EXPERIMENTAL RESULTS
The results completed in the present 

investigation are reported in the form of Tables and 

Graphs for various percentage of GGBS, RHA and 

ESP as a partial replacement to cement. The 

following are the percentages replacement of 

cement i.e. 0%, 5%, 10%, 15% and 20% 

respectively
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COMPRESSION TEST RESULTS

Table: COMPRESSION TEST RESULT @ 
GGBS

Fig.: COMPRESSION TEST RESULT @ 
GGBS

Table: COMPRESSION TEST RESULT @ 
GGBS

Fig.: COMPRESSION TEST RESULT @ RHA

SPLIT TENSILE STRENGTH TEST 
RESULTS

Table: SPLIT TENSILE STRENGTH TEST 
RESULT @ GGBS

Fig.: SPLIT TENSILE STRENGTH TEST 
RESULT @ GGBS

Table: SPLIT TENSILE STRENGTH TEST 
RESULT @ RHA

Fig.: SPLIT TENSILE STRENGTH TEST 
RESULT @ RHA
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FLEXURAL STRENGTH TEST RESULTS

Table.: FLEXURAL STRENGTH TEST 
RESULT @ GGBS

Fig.: FLEXURAL STRENGTH TEST RESULT 
@ GGBS

Table.: FLEXURAL STRENGTH TEST 
RESULT @ RHA

Fig.: FLEXURAL STRENGTH TEST RESULT 
@ RHA

Table: SORPTIVITY TEST RESULT @ GGBS

 
Fig.: SORPTIVITY TEST RESULT @GGBS

Table: SORPTIVITY TEST RESULT @RHA

 

Fig.: SORPTIVITY TEST RESULT @RHA
Table.: RCPT TEST RESULT @GGBS
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Fig.: RCPT TEST RESULT @GGBS

 Table.: RCPT TEST RESULT @RHA

Fig.: RCPT TEST RESULT @RHA

V CONCLUSION
All the experimental data shows that the addition of 
the cementious materials and improves the physical 
and mechanical properties. The results are of great 
importance because of this king of innovative 
concrete. Replacement of cement of with GGBS & 
RHA along with Egg Shell Powder. Compressive 
strength of specimens are as follows:

After studying the various experimental done by 
various authors, following conclusions are drawn:

1. Usage of cement produces carbon dioxide 
by manufacturing process 

2. The present paper is about experimental 
study on RHA and GGBS with Egg Shell 
Powder.

3. The egg shells as a useful material instead 
of a waste material (harm to the 
environment) that they were hurled in 
many hundred tons annually had been use 
in an engineering application.

4. Compressive strength increases with 
increase of percentage of GGBS in 
concrete along with ESP constant 
proportions of ESP is added for the 
specimens (5%)

5. Compressive strength increases with 
increase of percentage of RHA in concrete 
along with ESP constant proportions of 
ESP is added for the specimens (5%)

6. Better mechanical properties of concrete 
Specimens can be obtained with the 
replacement of cement with GGBS and 
RHA along egg shell powder in mix.

7. Compressive strength the mix increases 
with increases in GGBS by weight in 
concrete up to 20%

8. Compressive strength the mix increases 
with increases in percentage of RHA in 
concrete by weight in concrete up to 15% 
then after it starts decreases.

SCOPE OF FUTURE WORK

1. Further research should be carried out to 
Experimental study on concrete with 
different cementious materials may be 
carried out

2. Experimental studies on UPV and non- 
destructive tests may be carried out

3. Experiments can be conducted for short 
Term /Long Term Properties of 
Reinforced concrete with partial 
replacement of respective percentages

4. Experiments can be conducted on long 
term properties durability tests
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