
 

 

AN EXPERIMENTAL STUDY ON CONCRETE STRENGTH INCORPORATING 

GGBS, RICE HUSK ASH (RHA) AND EGG SHELL POWDER (ESP) 

M.S. Nikitha Kumari1, A. Ramakrishnaiah2,  
1PG Student, Dept. of Civil (structural engineering and Construction Management), Golden Valley Integrated 

Campus, Madanapalli, Chittoor, Andhra Pradesh, India. 
2Associate professor, Dept. of civil engineering, Golden Valley Integrated Campus, Madanapalli, Chittoor, 

Andhra Pradesh. 
 

ABSTRACT:
Concrete has been accepted for its long-lasting and 
dependable nature. In addition to durability and 
dependability, concrete also has superior energy 
performance, is flexible in design, affordable, and 
relatively environmentally friendly. Concrete plays 
important role in the construction industry 
worldwide. New technologies have helped to 
develop new types of construction and alternative 
materials in the concrete area. As society makes 
determined moves towards sustainability, 
construction has a very important role to play within 
this new agenda, not only because of its economic 
and social contribution, but also because of its 
impact on the quality of our lives, our comfort and 
safety. 
This research centers around the growth of the 
strength and permeability attributes of concrete by 
optimal substitution of cement with joint ratio of 
GGBS and Rice husk ash (RHA) with Synthesis Egg 
shell powder (ESP). Two categories of byproducts 
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 

In India, the manufacturing of Portland cement 
was commenced around the year 1912. The 
beginning was not very promising and growth of 
cement industry was very slow. At the time of 
independence in 1947, the installed capacity of 
cement plants in India was approximately 4.5 

million tons and actual production around 3.2 
million tons per year. The large construction activity 
undertaken during the various 5 years plans mainly 
during the necessitated the growth of cement 
industry. However, the five-year plans envisaged for 
Multi-purpose projects and also for rapid industrial 
growth remained stinted due to the complete control 
exercised by the Government over the cement 
industry. As the infra structure sector was 
developing during 1980’s prompted the various 
industrial organizations were interested for setup 
new cement plants in the country. The full 
liberalization on cement industry in 1988 further 
provided rapid expansion for the growth. 

The installed capacity in the 1982 was 
nearly 30 million tons, which has now, increase to 
nearly 262.6 million tons during a period of 30 
years. Today India is second largest country after 
China in production of cement.  In addition, there 
have been significant developments in the 
improvement of the quality of cement as well as 
availability of variety of cements in the markets. The 
production of superior quality of ordinary Portland 
cement (OPC) in the country was primarily 
responsible for introducing the grading system in 
OPC by Bureau of Indian standard (BIS) during 
1986-87. The other varieties of structural cements, 
such as sulphate resisting Portland cement, 
pozzolana cement and blast furnace slag cement 
found their way to improve quality and prompted the 
structural engineers and major consumers to adopt 
higher grades of concretes in the construction work. 
This has been marked difference in the quality of 
concrete during this period primarily due to the 
availability of superior quality of cements in the 
market. In addition, there has been a continuous up 
gradation in the availability of product knowledge, 
product quality and marketing services to the 
consumers. The trend is continuing and more and 
more varieties of cements are coming to the market 
which help the consumers to make appropriated 
grade and quality of concrete to meet the specific 
construction requirement. There has been a 
remarkable advance in the field of concrete 
technology also. The high-performance fiber 
reinforced, polymer concrete composites and ready 
mixed concrete have been progressively introduced 
for specific applications. 
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SCOPE AND OBJECTIVE OF THE PROJECT 
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 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 
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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.  

 
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 

 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. A cement is a binder, a substance used 
in construction that sets, hardens and adheres to 
other materials, binding them together. Cement is 
seldom used solely, but is used to bind sand and 
gravel (aggregate) together. Cement is used with 
fine aggregate to produce mortar for masonry, or 
with sand and gravel aggregates to 
produce concrete.  

 
Fig.: Cement 

 
Table: Properties of Cement 

 
 
AGGREGATES 

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

1) Coarse Aggregate 
2) Fine 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. 

 
Fig.: Fine Aggregate 

 
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 
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crushed rock. Gravels constitute the majority of 
coarse aggregate used in concrete with crushed stone 
making up most of the remainder 

 
Fig.: Coarse Aggregate 

. 
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. 

 
Fig.: GGBS 

Table: Chemical Composition (%) of GGBS 

 

EGG SHELL POWDER 

In order to provide more environmentally-
responsible products, manufacturers are exploring 
alternative approaches to reduce the amount of 
polymer used to produce various polymer-based 
products. One such approach involves substituting a 
portion of the polymer content with a plant-based or 
"bio-based" filler such as wood flour, starch, or 
distilled grain. However, plant-based fillers absorb 
water and swell in a moist or humid environment 
and degrade at the high temperatures used during 
processing. This leads to poor product performance 
and undesirable characteristics. Eggshell powder is 
an alternative to the standard plant-based materials. 
However, attempts to use eggshell powder as a filler 
in polymer composites has been problematic. First, 
the inner membrane associated with the eggshell, if 
left in association with the eggshell during the 
manufacturing process, produces a foul odor which 
can carry over into the ultimate product 

Fig.: EGG SHELL POWDER 

RICE HUSK 

Rice husk is a potential material, which is amenable 
for value addition. The usage of rice husk either in 
its raw form or in ash form is many. Most of the husk 
from the milling is either burnt or dumped as waste 
in open fields and a small amount is used as fuel for 
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boilers, electricity generation, bulking agents for 
composting of animal manure, etc 

 

Fig: Rice Husk Ash 

WATER 
Water is an important ingredient of concrete as it 
actually participates in the chemical reaction with 
cement. Since it helps to from the strength giving 
cement gel, the quantity and quality of water is 
required to be looked into very carefully. Water 
cement ratio used is 0.40 for M25 
 
MIX PROPORTIONS 

The concrete mix is designed as per IS: 
10262 – 2009 and IS 456-2000 for the normal 
concrete. The grade of concrete adopted is M30 . 

 
The following points should be remembered before 
proportioning a concrete mix as per IS-10262-
2009. 

 This method of concrete mix proportioning is 
applicable only for ordinary and standard concrete 
grades. 

 The air content in concrete is considered as nil. 
The proportioning is carried out to achieve specified 
characteristic compressive strength at specified age, 
workability of fresh concrete and durability 
requirements.  
 

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. 
   

 
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.  

 
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.  
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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 

COMPRESSION TEST RESULTS 

Table: COMPRESSION TEST RESULT @ 
GGBS 

 

 
Fig.: COMPRESSION TEST RESULT @ 

GGBS 
 

Table: COMPRESSION TEST RESULT @ 
GGBS 
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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 
 
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 
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SORPTIVITY TEST RESULT 

  
 

RCPT TEST RESULT 

  
 

RCPT TEST RESULT 
 

  
V CONCLUSION 
All the experimental data shows that the addition of 
the cementious materials and improves the physical 
and mechanical properties.  

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

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

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

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

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

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

6. 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 

In spite of a long-term recognition of the 
problem of Sulphur acid corrosion in concrete sewer 
pipes this issue has not been satisfactorily resolved. 
Cementious material as binders have been reported 
as being acid resistant and thus are a promising and 
alternative binder for sewer pipe manufacture 

1. 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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