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Abstract

Eggshell, a common food industry waste, are rich in calcium carbonate and are often discarded in landfills,
contributing to environmental degradation. Utilizing eggshell powder (ESP) in concrete offers a sustainable
solution by promoting green construction practices. This study evaluates the impact of partially substituting cement
with ESP amount (0%,5%,10%,15%,20% and 25%) on the structural characteristics of concrete. Mechanical
properties including compressive strength, flexural strength and split tensile strength —were measured at 7, 14, and
28 days of curing periods. Findings indicate that 5% ESP significantly enhance compressive strength. Compressive
strength of cylindrical specimens (6 in x 12 in) improved by 10.47%, 7.79%, and 3.51% at 7, 14, and 28 days,
respectively, compared to the control mix. Similarly, cube specimens (6 in x 6 in x 6 in) demonstrated increases
of 11.96%, 12.25% and 4.02% at the identical time periods. Nonetheless, compressive strength steadily dropped
from 5% to 25%. Flexural strength dropped initially at 5% ESP, but increased at 10%. Conversely, split tensile
strength showed a consistent decline with increasing ESP content up to 25%. The findings indicate that 5%
replacement of cement with eggshell powder can positively influence concrete strength and durability,
demonstrating its potential as a sustainable and eco-friendly material for future construction applications.

Keywords: eggshell powder; green concrete; partial cement replacement; compressive strength; waste utilization.
1 Introduction

Cement is one of the most important elements while producing concrete. Carbon dioxide (COz) emissions from
cement manufacture have led to environmental and cultural problems like global warming. Up to 6% of the (COx),
emissions in the world are caused by the cement sector( Khairpur Mirs, Sindh, Pakistan & Et Al., 2019).

Because cement is the most costly and hence uneconomical component of concrete, its manufacturing is not
ecologically friendly, therefore in order to make the construction sector viable and environmentally friendly,
alternative materials must be found(Aravind & Ranjith, 2022). Eggshell powder can be used to concrete mixtures
to save cement usage and possibly increase the sustainability of concrete manufacturing. There are naturally
occurring pozzolanic minerals in certain waste products. Cement and calcium-rich ESP share a similar chemical
makeup. Additionally, the amount of CaO in ESP is roughly equal to that of cement(Shekhawat et al., 2020).
Eggshell is mostly made up of calcium compounds, which are extremely similar to those found in cement. It is
said that calcium carbonate makes up 93.70% of its composition. When calcium carbonate is burned to ash at 500
°C, calcium oxide is created. Because of the excess calcium oxide it contains, it works well as an accelerator.
Additionally, calcium oxide shortened the setting time, which is important in the building business because it might
be disrupted by erratic weather, particularly during the rainy season(Afizah Asman et al., 2017). By using egg-
shell waste in concrete rather than ordinary lime, regular lime is saved and this waste material is put to new use(Ali
Said Al Abri et al., 2022).

Waste from eggshells is produced in large quantities in bakeries, egg-breaking facilities, and even ordinary homes.
Eggshell disposal is getting more difficult, meanwhile, as the Environmental Protection Agency has listed post-
consumer eggshell as one of the main pollutants that degrade the ecosystem at landfills(Chong et al., 2024). Almost
all eggshells are thrown away as waste. The egg shell produces some hypersensitivities if it is thrown in the trash
for a long time. There is a removal problem. It can irritate you with its unpleasant smell. The skin of the fingernails
naturally covers the top layer, which is an upward layer(Ali Said Al Abri et al., 2022). Eggshells should not be
disposed of in landfills since the membrane associated with them attracts rats and spreads diseases (Shiferaw et
al., 2019).

The literature study on eggshell-containing concrete is however, limited. Eggshell powder has been utilized to
make green concrete by substituting cement, and it has demonstrated successful results when used to make normal
strength concrete(Mohd Arif et al., 2021). The goal of this investigation to compare concrete mixtures with
eggshell powder as a partial cement replacement, using compression, flexural, and workability tests. The results
will provide insights into the viability of eggshell powder as a sustainable construction material and offer guidance
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for environmentally friendly alternatives. The study evaluates the environmental impact of using eggshell powder
as a cement replacement, focusing on carbon footprint reduction, energy consumption, and waste utilization,
contributing to understanding the benefits and drawbacks. Reducing solid waste and environmental illnesses can
be achieved by the technical application of eggshell powder(Shiferaw et al., 2019). Eggshell powder in the concrete
mix;

e In order to evaluate the concrete's compressive strength and flexural strength., 162 samples (compressive
strength of cylinder-54nos, compressive strength of cube-54nos, and flexural strength of beam-54nos)
were made by varying the amount of ESP.

o Different eggshell powder concrete bricks are developed by replacing 5-25% of eggshell powder for the
cement in order to optimum percentage and observe the strength of concrete of produce good material for
eggshell powder.

e  The goal strength value is 30mpa in order to compare the strength of triple-blended concrete with
normal concrete.

Furthermore, the trials were treated for 7, 14, and 28 days.

2 Methodology

Cement, fine aggregate, coarse aggregate, and water the primary components of a concrete mix design were used
in laboratory studies. In the meanwhile, the mix design partially substituted eggshell powder for cement. Tests
including the slump, compressive strength, and flexural strength tests were then carried out. Subsequently, all
experiment results were documented for analysis(Afizah Asman et al., 2017).

Preparation of egg shell powder (ESP): The eggshells were gathered from nearby bakeries and food stands. Clean
water was used to cleanse the yellowish fluid that was present in the raw eggshells. After being thoroughly cleaned,
the eggshells were oven-dried for 24 hours at 110 °C to eliminate any moisture that might have been retained
during the cleaning process. The eggshells were ground in a blender after they had been oven-dried. Next, a 75um
sieve was used to filter the ground eggshell(Khairpur Mirs, Sindh, Pakistan & Et Al., 2019).

The ratio (1:1.1:2.15) served as the basis for the mix design. The strength was measured at 7, 14, and 28 days of
curing using (6 in x 6 in x 6 in) cubes and a (6 in x 12 in) cylinder. After achieving the required curing time, the
cubic samples were put through a compressive strength test in a universal testing machine.

2.1 Materials Properties

The characteristics of the water, coarse, and fine particles used in the concrete mix design are evaluated in
laboratories and compiled in Table

Table 1 : Properties of Fine Aggregate. Table 2 : Properties of Coarse Aggregate.
Materials Property Value Materials Property Value
Dry Unit Weight (kg/m®) 1659 Dry Unit Weight (kg/m?) 1678
Fine Fineness Modulus 2.65 Coarse Fineness Modulus 4.425
Aggregate Specific Gravity 2.37 Aggregate Specific Gravity 2.597
Absorption Capacity (%) 1.05 Absorption Capacity (%) 0.688
Table 3 : Properties of Cement. Table 4 : Properties of Eggshell.
Materials Property Value Materials Property Value
Dry Unit Weight (kg/m?) 1385 Bulk density 0.8 g/m?
Cement Initial setting time 52 min Egg shell Moisture content 1.18
Specific Gravity 3.15 Specific Gravity 0.85
Final setting time 640 min Final setting time 22.4%

Eggshell powder (ESP): Eggshell powder, which is made from leftovers from bakeries and chicken farms, has 50—
55% calcium oxide and other minerals that are similar to those found in cement. It can be utilized in place of certain
cement. Using a 90micron sieve, grinding, drying, and washing are all steps in the process.

2.2 Concrete Mixing, Casting & Curing
The cement, fine aggregate, and coarse aggregate ratios in the mix design are 1:1.1:2.15. After 28 days, the goal is

to reach a compressive strength of 25 MPa, with a slump range of 4 inches. Trial mixes were created using
mechanical mixing techniques to encourage uniformity, while control mixes were made by hand to guarantee
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accuracy. Saturated surface-dried (SSD) aggregates and cement were mixed together for two minutes to create the
dry components. The mechanical performance of concrete with different ESP amount (0%, 5%, 10%, 15%, 20%,
and 25%) and an evaluation of the concrete mixes' overall workability come next. Mechanical properties like
compressive strength, flexural strength, and split tensile strength were measured at 7, 14, and 28 days of cure.
When compared to the control mix, the cylindrical specimens' (6 in x 12 in) compressive strength increased by
10.47%, 7.79%, and 3.51% at 7, 14, and 28 days, respectively. In order to properly hydrate and develop their
strength, casting specimens need a controlled atmosphere. They must be kept in a damp room or water tank at 20°-
25°C for 28 days in order to cure. It is also necessary to moisten cure molds, cubes, and cylinders in accordance
with applicable norms or specifications. As with testing for compressive strength, molds need to be cured in a
controlled setting.
Table 5 : Number of Total Specimen.

Mold Cylinder (6 in. by  Beam (20 in. by 4 in. by Cube Total
12 in.) 4in.) (6 in. by 6 in. by
6in.)

Control (0%) 9 9 9 27

95% Cement + 5% ESP 9 9 9 27

90% Cement+ 10% ESP 9 9 9 27

85% Cement + 15% 9 9 9 27
ESP

80% Cement + 20% 9 9 9 27
ESP

75% Cement + 25% 9 9 9 27
ESP

Total Specimens 162

2.4 Test Specimen

According to ASTM C192/C192M-19 specifications, the concrete specimens were methodically made utilizing
timber frames for the beam specimens and steel molds for the cylindrical samples. To ensure the perfect release,
molds were adequately lubricated with nearby burnt Mobil oil before casting. At Southern University Bangladesh,
testing for compressive strength and splitting tensile were performed on (6 in x 12 in) cylindrical using standard
laboratory procedures. A constant applied load of 140 kg/cm? per minute was used until failure was noted. Flexural
testing was conducted in accordance with ASTM C78/C78M-21 criteria on beams that measured (20 in x 4 in x 4
in). During testing, extra care was taken to ensure that the beams' whole surface remained in complete contact with
the supporting braces. According to ASTM C496/C496M criteria, splitting tensile tests were conducted using
concrete that had been tamped 25 times per layer, with two layers for beams and three layers for cylinders to ensure
density and uniformity.

3 Result

3.1 Compressive Strength Test
The graph shows how concrete mixtures with different proportions of eggshell powder developed in terms of
compressive strength (for cylinder & cube) at 7, 14 and 28 days of curing.

Cylinder

Here, Figure 3(a) makes it clear that after seven days, the maximum compressive strength achieved was greater
than that of ordinary concrete when the ESP amount was 10%. The highest compressive strength achieved after
14 days compared to conventional concrete is shown in figure when the ESP amount is set at 5%. The maximum
compressive strength achieved after 28 days with ESP at 5% is 32.37 MPa, which is the maximum strength for
traditional concrete, as shown in figure.
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Figure 3(a) : Compressive strength test result (for 7days, 14days & 28 days).
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Figure 3(b) : Compressive strength test result (for 7days, 14days & 28 days).

Here, Figure 3(b) makes it clear that, when eggshell powder is added to concrete cubes, the compressive strength
is increased at an ideal dosage of 5%, reaching its maximum strength throughout all age groups. At the limit >5%
to 10% are the strength thresholds, and >15% is the progressive weakening point. Consistent 5% superiority over
7/14/28 days and a performance pattern resembling cylinder tests are key trends.

3.2 Flexure Strength Test

The graph shows how concrete mixtures with different proportions of eggshell powder developed in terms of
flexural strength at 7, 14 and 28 days of curing.
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Figure 3(c) : Flexural strength test result (for 7days, 14days & 28 days).
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In Figure 3(c) makes it clear that, by replacing 0-25% of the eggshell powder, flexural strength tests revealed that
0-10% replacement preserved strength similar to control (peaking at 12.09 MPa after 28 days). Minor decreases
(2-4%) were caused by the limit of using ESP >10% replacement, with 25% reaching 11.6-11.78 MPa. There was
very little variation in early strength (7 days) (11.2-11.49 MPa). The findings show that eggshell powder can be
used for structural purposes and can successfully replace up to 10% cement without sacrificing flexural strength.
With minor strength trade-offs, higher replacements (15-25%) are still feasible for non-critical applications.
Flexural strength is less sensitive than tensile strength, which can be explained by the filler action of eggshells,
which preserves matrix integrity.

3.3 Split Tensile Strength Test

The graph shows how concrete mixtures with different proportions of eggshell powder developed in terms of split
tensile strength for 7 days, 14days & 28 days of curing.

In Figure 3(d) makes it clear that, the tensile strength of eggshell powder, which was used to replace 0-25% of
cement, was measured at 7, 14, and 28 days. Strength reached its maximum at 5% (3.02 MPa at 14 days; 3.23 MPa
at 28 days), just above the control. Strength gradually decreased with increasing replacements (>10%), with the
lowest results (2.05-2.46 MPa) being obtained at 25%. Early strength (7 days) decreased after being steady up to
5%. Higher doses weaken concrete because of decreased cementitious activity, but the results show that 5%
eggshell powder maximizes tensile strength and provides a sustainable substitute without sacrificing performance.
It is advised to conduct more research on workability and durability.
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Figure 3(d) : Split Tensile test result (for 7 days,14 days & 28 days).
4 Discussion

Eggshell powder gradually increases the compressive strength up to 5% by partially replacing cement. When 5%
(ESP 5) eggshell powder is added to regular concrete, the compressive strength of the cylinder increases to 10.47%
after 7 days of curing, 7.79% after 14 days, and 3.51% after 28 days of curing. When 5% (ESP 5) eggshell powder
is added to regular concrete, the compressive strength of the cube increases to 11.96% after 7 days of curing,
12.25% after 14 days, and 4.02% after 28 days of curing. Eggshell powder replaces 5% to 25% of the cement,
progressively decreasing the compressive strength. When eggshell powder is substituted for some of the cement,
the flexural strength gradually drops by up to 5%. Next, substitute 5% to 10% of the cement with eggshell powder.
The tensile strength of cracks gradually drops by up to 25% when eggshell powder is substituted for cement. When
ESP is used as a cement replacement, the flexural strength of concrete exhibits a modest decrease, gradually falling
by as much as 5% in terms of other mechanical characteristics. On the other hand, the tensile strength is
significantly reduced, dropping by as much as 25% when 5% to 10% of the cement is substituted with eggshell
powder. This decrease is explained by the brittleness of the resulting matrix and the inability of ESP to improve
tensile bonding at higher substitution rates. The use of eggshell powder as a partial substitute for cement is, all
things considered, a sustainable and environmentally responsible strategy to concrete manufacturing. Although a
5% replacement is ideal for boosting compressive strength, higher percentages cause a progressive decline in both
compressive and tensile capabilities. However, the use of eggshell powder in concrete is consistent with the goals
of waste reduction, resource conservation, and carbon emission reduction. the aims of circular economy practices
and sustainable construction.
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5 Conclusion

The mechanical and durability properties of concrete were extensively investigated when eggshell powder (ESP)
was utilized as a partial replacement for cement. The test results revealed that incorporating 5% ESP significantly
enhanced both the strength and durability of concrete. This improvement is primarily attributed to the high calcium
content present in eggshells, which contributes to the formation of additional calcium silicate hydrate (C—S—H)
gel, thereby increasing the bonding and density of the concrete matrix. The use of eggshell powder as a partial
substitute for cement offers a sustainable and environmentally friendly solution in modern construction. It not only
reduces the dependency on cement a major contributor to global CO: emissions but also promotes effective
utilization of agricultural waste materials that would otherwise contribute to environmental pollution. By partially
replacing cement with eggshell powder, overall carbon emissions can be substantially reduced, leading to a smaller
ecological footprint. Moreover, when used in appropriate proportions, eggshell powder enhances the mechanical
performance, durability, and long-term stability of concrete. Its fine particle size improves the compactness of the
mix, reduces porosity, and enhances resistance to water penetration and chemical attacks. Consequently, the
integration of eggshell powder in concrete production not only strengthens the material but also supports the global
movement toward green and sustainable construction practices, making it a viable alternative for future eco-
friendly building materials.
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