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Abstract

Many people choose concrete because of its reputation for durability and dependability. Concrete is
not only strong and consistent, but also energy efficient, design flexible, cheap, and generally eco-
friendly. In addition to protecting natural ecosystems, stable civilizations often make plans for further
industrialization and urbanization. As long as it is utilized in a compositionally flexible and
ecologically friendly way, concrete may be used to create aesthetically stunning structures.
Inadequate domestic production means that India must import bond, a key ingredient in cement,
driving up the cost of infrastructure projects. As a result, everyone in the construction sector is
looking for an effective byproduct that may reduce the need for concrete and, by extension,
construction expenses. In this study, eggshell powder was only partly replaced for the conventional
43-grade Portland cement in the experimental assessment. As replacement increases (from 5% to
20%), compressive strength decreases by around 6%. Cement can be used as a 1:12 ratio
replacement for egg shell powder in concrete. Compressive strength decreases above 15% eggshell
powder replacement, but at higher percentages, the replacement is ineffective. Flexural strength is a
characteristic of concrete that has hardened. Flexural strength was found to be 5.23 N/mm? greater in
concrete made with egg shell powder replacing 10% of the cement in the usual mix after 28 days. The
cubes were measured at 160 mm on all sides. 28 Days The compressive characteristic of strength
vanished. It has been observed tensile strength at 5% eggshell mixed in the cement and get high
tensile strength or split strength at 7 days or 28 days. And flexural strength has observed highest
value of 10% at 7 or 28 days.

Keywords: Flexural strength, split tensile strength, Compressive strength, Egg shell powder,
workability, concrete.

INTRODUCTION

The structural characteristics of construction materials have traditionally benefited from the use of
various admixtures. It illuminates the day by demonstrating true technological breakthroughs that
have occurred over the course of more than five thousand years, beginning with the construction of
the Egyptian pyramids. Around the year 3000 B.C., Egyptians began using a mud that was
strengthened by the addition of straw [1]. In the latter years of the third century B.C., the ancient
Romans created a great number of compositional
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pioneered. In 1985, silica seethe and other superplasticizers [3] were found for the first time. These
additives are used to increase the product's quality. The mechanical qualities of cement are then
improved by adding various admixtures, such as metakaolin, egg shell powder (ESP), fly slag [4], rice
husk pyrophoric debris, steel, or optical filaments.

Egg Shell Powder (ESP)

Eggshells have a cellulose structure and contain amino acids, making them an ideal bio-sorbent. It
has been reported that a significant number of eggshells are transported to certain nations as waste
materials and regularly disposed of in landfills [5-6]. The common fingernail skin serves as the
anchor for the best layer, which is vertical. The degree of exposure to sunshine, rough water, and
uncomfortable atmospheric conditions all have a significant impact on how lime in eggshells is used
[7-8]. It is a fine-grained, sensible-grade powder that is sieved to appropriate size before usage with
mortar. Figure 1 shows Egg shell in powder form. Waste eggshells have been produced by
restaurants, hotels, and poultry farms. These wastes are misrepresented in many different countries
and used in animal feeds. Such garbage is collected and used in our project.

Figure 1. Egg shell Powder.

LITERATURE REVIEW

Future Trend for Sustainable Development by Incorporating Supplementary Cementitious Materials
was studied. This study used experimental methods to examine the results of substituting cement with
various waste materials, including egg shells, sawdust ash, rice husk ash, quartz sand, and pozzocrete
(SDA). The primary Supplementary Cementitious Materials (SCM) that are often employed in
building projects in India as well as newly developing materials are thoroughly examined in this
research. Typically, these materials are leftovers of other operations or are made of natural elements
[9]. They may or might not go through further processing to be used in concrete. Some of these
substances, referred to as pozzolana, don't have any cementitious qualities on their own, but when
combined with Portland cement, they react to create cementitious compounds.

The strength and permeability of concrete with fly ash (FA), rise husk ash (RHA), and egg shell
powder (ESP). To improve concrete's strength and porosity, this study examines how much fly ash
(FA), rice husk ash (RHA), and synthetic egg shell powder may be substituted for cement (ESP).
Ashes such as fly ash and rice husk ash were used in lieu of cement, with four different components
accounting for 5%, 10%, 20%, 30%, and 40% of the weight, respectively; egg shell powder was also
added at a constant 5%. Considerations for constraints were compressive strength [10], splitting
tensile strength, flexure force, water permeability, sportively, total charge passed as determined by the
rapid chloride permeability test (RCPT), and chloride ion diffusion rate as determined by the diffusion
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coefficient. As the percentage of cement substitution by FA (15%), RHA (15%), and ESP (5%),
combined, increases beyond this point, the concrete's strength and porousness properties show a
general trend toward deterioration [11].

The experimental examination on the characteristics of cement mortar using eggshell powder was
carried out. This essay aims to investigate the characteristics and behaviour of eggshell waste-based
cement mortar. All ESP-cement mortars showed a considerable improvement in compressive strength
at 7 and 28 days. The samples with 10 weight percent and 5 weight percent of ESP showed the
greatest gains, respectively, of 31.63% and (11.65%). Samples containing 1 weight percent of ESP
exhibit the greatest increases in compressive strength, which are around 8.93% and (1.75%) for 42
days and 56 days, respectively, at intermediate curing times [12]. At late ages (70 days), a decrease in
compressive strength was seen for all samples 90 days, etc.). When ESP is added (up to 5 weight
percent), it improves the flexural strength when compared to the control samples. When cement was
changed with only 1 wt% at 7 days, the biggest augmentation (21.20%) was seen.

Significance ESP in Concrete

ESP concrete has shown improved behaviour because of its excellent capacity to halt or postpone
fractures. Concrete in its hardened form has various restrictions for which admixtures need be added
to enhance its property [13-14]. Concrete has the danger of drying out and shrinking, perhaps because
it contains a lot of powder. Due to the heterogeneous nature of concrete's structure and its intricate
design, internal tensions are created. Due to these internal tensions, concrete that is still wet or that
has already hardened develops microcracks. Egg shell powder enhances the durability [15-16],
compressive strength, ductility, and other characteristics of concrete. The fundamental goals of this
investigation are following:

1. To determine ESP should be used at the optimal amount for replacing cement in concrete.

2. To examine the compressive, split tensile % necessary for the production of concrete with the

best ESP and FA variation to enhance its and egg shell concrete's flexural behaviour.

Fabrication of Concrete

The concrete mix proportioning for M2 employed in this study. It's constructed according to IS
10262- 1982 guidelines. The mix proportioning that was given was a quantitative relationship
between cement, sand, coarse aggregate, and water and concrete. In this study, a 1:1.73:3.83 (M4)
blend extent with a water-concrete ratio of 0.4 and a superplasticizer content of 0.75% was used. This
blend complied with 1S 10262-2009. The experimental study included varying levels of eggshell
powder that had been partially replaced with 43-grade conventional Portland cement. Table 1 shows
that composition of Concrete cubes. Eggshell level changed by 5%, 10%, 15%, and 20%. The 160 x
160 x 160 mm solid cubes were tested as shown in Figure 2. 28 Days Strength's compressive quality
was eliminated.

RESULT AND DISCUSSION
Analysis of Flexural Strength

Beams with a cubic millimeter dimension of 160 x 160 x 600 were used for flexural tests. At the
age of 7, 28 days of curing, and normal mix, flexural strength of concrete mixes created with varying
percentages of egg shell powder as cement replacement were examined. Concrete prism test
specimens were inserted in a testing machine with a 100 KN maximum capacity after curing. All of
the beams are weighted prior to testing. With aid of their resisting loads, the flexural strength of all
proportions of beams was estimated using the flexural strength formula as shown in Table 2. The
prism specimens are subjected to load. The specimen failed at the maximum load, as shown by dial
gauge reading. The attribute of hardened concrete is flexural strength. According to the findings, the
egg shell powder substituted for 10% of the cement in the standard mix at 28 days to produce concrete
with a higher flexural strength value of 5.23 N/mm?2. Figure 3 displays the values of flexural strength
at various replacement percentages and ages.
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Figure 2. Fabricated concrete beam with the help ESP reinforcement

Table 1. Composition of Concrete cubes

Mix Water Cement Weight per Fine Agg. Coarse Agg
. . . - ; volume of (Sand) -
Designation | reinforcemen | (weight/volu | (weight/volu | Type - (weight/volu
tweight% | me) (kg/m?) | me) (kg/m?) ESP | (weightivolu | oy im3)
(kg/m?3) me) (kg/m3)
M-0 Control 314 - -
M-1 5% 315.16 18.84
M-2 10 % 160 296.32 Esp 37.68 488 965
M-3 15 % 263.48 56.52
M-4 20% 241.64 75.36
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Figure 3. Flexural strength.
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Table 2. Measured mechanical properties

Designation | Reinforcement Flexural Compressive Split tensile
weight % Strength strength strength
(MPa) (MPa) (MPa)
7 28 7 28 7 28
days days days days days days

M-0 Control 4.7 21 9 25 1.8 2.3
M-1 5 5 2.8 15 28 1.6 25
M-2 10 4.6 2.8 22 30 1.5 2.4
M-3 15 45 25 12 28 1.3 1.8
M-4 20 45 21 12 25 1.2 1.7

Analysis of Compressive Strength

The specimen's compressive strength is determined by dividing the highest compressive load it can
withstand by the area of its cross-section. One of the most crucial characteristics of concrete is its
compressive strength as shown in Table 2. Different concrete proportions were used to manufacture
concrete examples that were 160 x 160 x 160 mm cubes in size. The cubes are then allowed to dry for
a few hours after being demolded and cured for 24 hours. For each proportion, three duplicate
specimens were cast. Figure 4 depicts the compressive strength of concrete.
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Figure 4. Compressive strength.

Analysis of Split Tensile Strength

The cylinders were put in a testing machine with a maximum capacity of 1000 KN after curing for
the appropriate number of days. The cylinder specimens are subjected to the load. The cylinder
specimen failed at the maximum load, as shown by the dial gauge reading. According to the findings,
adding egg shell powder to the cement in lieu of 5% of it enhanced the cement's split tensile strength
as shown in Table 2. The crucial parameter is split tensile strength. concrete's hardened concrete's
property. Figure 5 displays the concrete's 7, and 28-day split tensile strength results, which were
obtained in line with the IS standard throughout the casting, curing, and testing of the concrete
cylinders.
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Figure 5. Split Tensile strength.

CONCLUSION
This research looked at how egg shells affected some of the mechanical and physical characteristics
of concrete. Following a research into how eggshell ash affected a concrete's strength qualities, the
following results were made:
e  When egg shell powder is replaced by 10% in concrete samples, the best flexural strength is
achieved.
e \When compared to concrete made without ESP, egg shell concrete offers better split tensile and
flexural strength.
e The 28-day compressive strength increases by roughly 6% as a consequence of replacing 5%
and 15% of ESP.
Compressive strength is reduced by around 6% as replacement continues to rise (20%).
e Itisadvised to replace 12% of egg shell powder in concrete with cement.
When replacing eggshell powder, 10% to 15% is effective, but when the amount is increased
further, the compressive strength declines.
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