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Abstract
Requirement of cement is increasing constantly but its manufacturing process results in the release of CO2. To
reduce the carbon dioxide content in structural concrete, ordinary Portland cement (OPC) can be replaced partially
with Eggshell powder (ESP). It is believed that the use of eggshell powder not only increases the strength of concrete,
but also its durability to some extent. Eggshell is a wasteful material developed from poultry industry, but these
shells are rich in lime. On the other hand, the use of eggshell powder facilitates the disposal of poultry waste which
otherwise causes pollution and other environmental hazardous effects. This paper is focused on evolving a better
understanding on concrete strength development by utilizing eggshell powder partially as alterna-tive of cement.
The concrete made with a proportion ratio of 1:2:4 with 0.5 w/c ratio. Total 84 cube specimens of standard size
were casted and checked at age of 1-, 3-, 7- and 28-days curing. The efficiency of eggshell powder was investigated
in terms of concrete workability (slump value) and compressive strength (cube crushing strength). Densities of
concrete specimens were also investigated at above curing ages before testing. The results were compared to those
of concrete without eggshell powder. The findings show that with the increase in eggshell powder in concrete, the
concrete workability decreases as opposed to the usual concrete mix. Reduction in unit weight (density) is observed
while ESP concrete’s compressive strength increases sufficiently with the introduction of eggshell powder content
up to a certain level of dosage.
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1

Introduction

C

oncrete is classified as the most essential and
crucial building material used for infrastructure
construction and development facilities. Innovation
development and the growing features of concrete and
mortar can make the strength, workability, toughness
and other characteristics of conventional concrete useful for any situation. For this purpose, exact proportions of cement, aggregates, water and admixtures
are required. The demand for Portland cement (PC)
is increasing daily all over the world, especially in
developed countries. Concrete is known to be the
most valuable commodity in the building industry,
but it also has detrimental effects. Cement used in
concrete emits carbon dioxide that damages the atmosphere. Therefore, the civil engineering scholars
are now focused on the use of products that can do
less damage to the environment. Recycling of waste
materials gives power and financial savings in cement
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manufacturing, protecting natural assets and defending the environment. Hence, at present, the entire
construction industries are looking for a convenient
and sufficient waste product that could substantially
reduce the usage of cement. A step taken in this path is
using waste and byproduct materials along with or in
replacement of cement. Mostly, materials are already
in use in the form of silica fume, fly ash, etc. Eggs are
the notably used food. Eggshell is normally a hurled
waste product from meals and poultry industry, which
generates numerous every day heaps of eggshell waste.
According to a study [1], food and poultry industry
produce about 250,000 tons of eggshell waste annually
worldwide. Especially in Pakistan, where poultry industry is an active member of livestock sector, it is a
huge source of employment of over 1.5 million of people
[2]. Pakistan has an egg production of approximately
18 billion annually [3]. Disposal of eggshell waste is
a hassle for municipality. The eggshell waste causes
some allergic reactions when saved for long duration
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in garbage. Disposal of eggshell waste is a big issue for
municipality. It creates an intolerable smell which can
cause irritation and an unbearable environment. The
chemical properties of eggshell powder and cement
are essentially same. Eggshells are rich in lime CaO,
which is an essential component in cement concrete.
It has more than 50% (around 51%) of lime that
contributes to achieving a high strength concrete [4].
Using eggshell waste as a powder instead of natural
lime as a partial concrete alternative has the advantage of minimizing cement use and devouring waste
material.

2

Literature Review

Balouch et. al. [5] investigated the impact of eggshell
powder as a partial substitute of cement in concrete.
Cement was replaced by an amount of 5-20 percent of
egg shell powder with respect to cement weight. Effect
of ESP on fresh concrete workability and the compressive strength of hardened concrete was assessed and
compared with normal concrete after standard curing
age. It was concluded that the workability was reduced
by increasing the amount of eggshell powder, while the
compressive strength of the egg shell powder specimens at high curing days showed an improvement in
compressive strength. DOH Shu Ing et. al. [6] used five
distinct dosages of egg shell powder as replacement of
cement in the concrete proportion mix of 1:1:2. It was
assumed that all the slump values of eggshell concrete
were at medium workability level. Egg shell concrete of
10% achieved the high compressive strength. Ashfaque
Ahmed Jhatial et. al. [7] Conducted an experimental study to assess the workability and compressive
strength of concrete grade M40 by using egg shell
powder as a supplementary cementing material to
lessen cement demand in concrete. Eggshell powder
was grinded to two degrees of fineness (50 micron sieve
and 100 micron sieve) and three different dosages of
ESP by cement weight were used to substitute cement
content. As a result partial replacement of cement with
ESP was concluded to be successful in gaining high
strength compared to the control specimen. It has been
shown that using 10% of eggshell powder in concrete
gives a high compressive strength.
Divya B et. al. [8] also attempted to determine the
chemical parameters and the concrete cubes compressive strength. Concrete design mix ratio of 1:1.5:3 was
used whereby ESP is partially replaced by cement
weight as 5% to 20%. At standard curing of 7 and 28
days, the compressive strength of cubes was measured.
The conclusion of the research shows that the replacement of egg shell powder by 5% and 10% gives about
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4% higher compressive strength and the replacement
of 15% egg shell powder increases 8% compressive
strength at 28 days of curing.
Mohamed Ansari M et. al. [9] also explained the
impact and experimental outcome of partial use of
eggshell powder in cement. The compressive strength
test for concrete replaced with various percentages of
eggshell powder was carried out for Portland Pozzolona cement. The findings of the study shows that
10%-15% ESP was used successfully as a partial replacement in cement. Yeong yu tan et. al. [10] also
tried to reuse the waste product eggshells in powder
form. The main objective of their experimental analysis is to determine the effect of oven-dried egg shell
powder in concrete production under both water and
air-curing conditions as a partial substitute for cement. Eggshell powder of different volumes were added
partially in place for ordinary Portland cement. The
results shows that egg shell concrete in the water cured
regime significantly improved compressive strength by
51.1%.
Nisar Ahmed Gabol et. al. [11] also investigated the
workability and reinforcement properties, including
the compression, tensile and flexural behaviour of
concrete using varying quantities of eggshell powder
(ESP). Based on the experimental test results, ESP
7.5% increased the tensile strength by 9.6%, and ESP
7.5% achieved a high compressive strength of 8% on 28
days of curing. With the rise in the volume of egg shell
powder, the fresh concrete’s workability is reduced.
Sheelan mahmoud hama et. al. [12] studied the effect
of egg shell powder as partial cement replacement on
the flexural strength of a single-way concrete slab.
First, cement was partly substituted by white egg shell
powder by cement weight at varying percentages of
0% to 15%. A comparison was made of the developed
concrete for density, compression and flexural strength
test. From the obtained test results, it was revealed
that the egg shell powder content does not affect the
concrete’s unit weight. A quanity of 3% eggshell powder has the highest compressive and flexural strength
of around 51% and 4.9% compared to the conventional
concrete mixture.
Shashi sharma et. al. [13] used white egg shell powder, which passes through 90 micron sieve, as partial
replacement in cement with different levels of substitution of 0 to 5% to determine the impact of egg shells
on the properties of M-35 grade concrete, for which the
slump test was performed as a compressive strength
test, a flexural test on 7 and 28 days of curing. Similar
trends have been observed from the results.
Manzoor ahmad allie et. al. [14] studied the history
of additional cement material and an conducted an
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examination of concrete eggshell powder with the aim
of initiating the technology. Their results show that
concrete workability with eggshell powder is poor, and
that concrete compressive strength using eggshell powder is marginally higher than conventional concrete.
Nikita Vaidya et. al. [15] also observed the performance
of waste eggshell powder (ESP) as a partial substitute of Portland cement to improve the strength of
concrete. ESP is used in a variety of mixtures, which
can be replaced by cement in concrete at a rate of
5% from 0 to 20%. The compressive, split tensile, flexural strength and the durability tests are performed
at curing days of 28 and compared to normal mix
concrete. It is concluded from the testing results that
the compressive strength was increases by 7.15% in
comparison with the normal concrete mix with a 10
percent ESP replacement in cement. Flexural strength
increased to 11.62% and 6.97% compared to normal
mix concrete by replacing up to 10% and % of ESP,
respectively, and split tensile strength also increased
to 3.5% compared to normal mix concrete with cement
replaced by up to 10% of ESP. Bandhavya et. al.
[16] also investigated partial cement replacement in
concrete with eggshell powder. In their study, eggshell
powder was substituted by 0 to 15% of cement weight
and various tests were carried out to find the best results to get strength optimum. From the experimental
findings, it is concluded that a substitution greater
than 10% of eggshell powder had smaller strength gain
than normal mix concrete.
Pitti Venkatasuneel et. al. [17] used amorphous type
of eggshell and Metakaolin in concrete grade M30 as
a partially substitute for cement in concrete. Four
different amounts such as 5% , 10%, 15%, 20% were
substituted. They present a conclusion on the compression behaviour, tensile properties and concrete
grade flexural strengths of cement substitute content
with egg shell powder and metakaolin.

3

Fig. 1: The proposed methodology

name ‘Lucky cement’ manufactured by the ‘Lucky cement industries’. Bolhari sand locally available, passed
through #16 sieve is used. Throughout this analysis, a
crushed aggregate of maximum size 12 mm and minimum size 4.75 mm was used as the coarse aggregate
for manufacturing the concrete. The aggregates were
sieved through a standard set of the sieves. During
this study drinkable water was also used to produce
concrete.
3.2

Eggshell Powder

During this study, eggshells were procured from a local
food market of Nawabshah city of Sindh, Pakistan.
The eggshells were washed and scrubbed completely
to remove dust and other organic properties (Figure
2). The eggshells were dried for 3 to 5 days in sunlight.
After drying in sunlight, the eggshells were grinded
properly in the juicer/blender to convert them in
powder form [5-7] (Figure 3). The eggshell powder
was dried for 24 hours in oven at 105◦ C to extract
the moisture that may have been accumulated inside
during the cleaning [7] (Figure 4). The eggshell powder
was followed by sieving by passing No. 170µ sieve to
make it in very fine particle size powder (Figure 5).

Proposed Methodology

The proposed methodology is shown in Figure 1. In
the flow diagram, collection of materials, preparation
of eggshell powder and making of concrete are shown.
The diagram further shows the sections of casting of
concrete, testing procedures and results of the tests.
3.1
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Materials

OPC (Ordinary Portland Cement) of Type-I following
ASTM C150-05 (2005) and BS 12 (1991) throughout this research study was used. It was purchased
from the local market of Nawabshah under the trade

3.3 Concrete Mix Proportion and Casting of the
Specimens
Total 84 specimen of standard size (4” × 4” × 4”)
cube specimens are cast and tested. The concrete
proportion was fixed at 1:2:4 with fixed water-cement
ratio of 0.50. The specimens were cast in 7 batches
designated as CM and ESPC-1 to ESPC-6 depending on the Eggshell Powder (ESP) dosage and water
cement ratio. Cement was replaced by the eggshell
powder partially from 2.5% to 15% by the total weight
of cement (binder). In addition, a batch of the cube
specimens of the concrete without ESP was also cast
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Fig. 2: Eggshells

Fig. 5: Eggshell Powder

Fig. 3: Grinding

Fig. 6: Slump Test

and tested to compare the results. The effect of the
ESP was studied on the fresh concrete workability and
the compressive strength of concrete in hardened state.
The materials were mixed as per ASTM C192-2002.
The fresh concrete workability was determined by
slump cone test in accordance with ASTM C143-2003
to ensure the designed value (Figure 6). The mixtures
were casted as specimens using standard cube moulds.
The moulds were covered to avoid water loss because
of evaporation and left for 24 hours to harden and

those were opened (Figure 7). After demoulding of
the specimens from the moulds, the specimens were
put into a water tank with clean potable water up to
testing age (Figure 8).

Fig. 4: Oven Drying

Fig. 7: Specimens

4

Results & Discussion

The following sections discuss our experimental results
in detail.
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S. No
1
2
3
4
5
6
7

Batch/
Concrete
CM
ESPC1
ESPC2
ESPC3
ESPC4
ESPC5
ESPC6

Eggshell
Powder (%)
0
2.5
5
7.5
10
12.5
15

Cement
(Kg/m3)
3
2.925
2.85
2.775
2.7
2.625
2.55

Fine Aggregate
(Kg/m3)
6
6
6
6
6
6
6

Coarse Aggregate
(kg/m3)
12
12
12
12
12
12
12

76

Eggshell Powder
(kg/m3)
0
0.075
0.15
0.225
0.3
0.375
0.45

Water
(Kg/m3)
1.5
1.5
1.5
1.5
1.5
1.5
1.5

TABLE 1: Concrete Mix Proportion (0.5 w/c ratio)

Fig. 8: Specimens during Curing
S. No
1
2
3
4
5
6
7

Eggshell Powder (%)
0
2.5
5
7.5
10
12.5
15

Slump (mm)
34
29
24
20
15
11
6

TABLE 2: Slump Values

4.1

Workability

Slump cone test were conducted to evaluate the effect
of ESP on workability of concrete. Table 2 and Figure
9 represent the results of the slump tests. It is evident
from the table values that the substitution of ESP
has affected the workability (sump value). Concrete
workability decreases with the inclusion of increasing
dosages of ESP. The maximum values of the slump
obtained in case of normal concrete is 34 mm which
decreases gradually with the addition of eggshell powder from 2.5% to 15% with 2.5% increment by cement
weight. The average decrease in slump value of eggshell
powder concrete in 4.6 mm. This shows that in case of
workability, the use of eggshell powder requires more
water in concrete mix otherwise mechanical effort or
admixtures will be required in order to maintain the
required workability.

Fig. 9: Workability of concrete without and with ESP

4.2

Density Test

Hardened concrete densities were determined by measuring the weights and dimensions of concrete cube
specimens before testing them after 1, 3, 7, and 28
days of curing age. The specimens have similar volume
of 0.001m3 . The densities of the specimens falls in the
ranges from 2530 kg/m3 to 2362kg/m3 . The results obtained revealed that the use of ESP reduces the density
of concrete as its replacement increment increases. At
15% replacement of ESP had the maximum reduction
in density which is due to less specific gravity value
of ESP than cement. Table 3 shows the comparison
of average densities of all ESP concrete specimens at
above curing day’s age.
4.3

Compressive Strength

Compressive strength of concrete with distinct dosages
of eggshell powder are determined by casting, testing and crushing three 100mmx100mmx100mm size
cube specimens at standard curing age for all mixes
orderly to calculate the average value. The compressive
strength tests were performed in digital automatic
compression machine under progressive load causing
uniform strain rate until failure of specimens was
applied. The ultimate capacity load was recorded at
the failure of each specimens. Figure 10 shows the view
of compressive testing machine along with the concrete
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S. No.

Batch/
Concrete

Eggshell
Powder (%)

1
2
3
4
5
6
7

CM
ESPC1
ESPC2
ESPC3
ESPC4
ESPC5
ESPC6

0
2.5
5
7.5
10
12.5
15

1-Day
Unit weight
(Kg/m3)
2420
2410
2400
2400
2395
2390
2380

3-Day
Unit weight
(Kg/m3)
2410
2400
2400
2400
2390
2380
2362

77

7-Day
Unit weight
(Kg/m3)
2530
2510
2400
2490
2480
2470
2470

28-Day
Unit weight
(Kg/m3)
2515
2500
2490
2485
2480
2475
2470

TABLE 3: Average weight (Densities)

Fig. 10: Testing of cube specimen

Fig. 11: Figure 11: Average Compressive Strength v/s
Eggshell Powder (%)

specimen.
Effect of ESP on concrete compressive strength is
studied in terms of the specific dosage with respect
to curing age at 1-, 3-, 7- and 28-days. Table 4 and
Table 5 presents the average compressive strength
of concrete with and without eggshell powder. It is
observed that the compressive strength of control
mix concrete increases with curing age. The behavior
of eggshell powder concrete was quite different from
the control concrete specimens. It can be observed
from values in table that the strength development
in eggshell powder concrete at the early curing age
decreases with the increase of eggshell powder content
in comparison to normal concrete. The 1-day compressive strength of eggshell powder concrete specimens
are lower than that of the control mix concrete and
this strength further decreases with the increase in
eggshell powder content. There is a minute difference
in strength gain at 3-day compressive strength for
2.5% and 5% by 0.28% and 1.85% respectively. Also,
it is clearly observed that there is a little rise in early
strength for 2.5% and 5% by 1.05% and 4.6% at 7-day
curing, whereas, at 10% dosage of ESP gives optimum
value by 8.5%. However, at 28-day of curing age an
improvement in strength was recorded at dosage of
7.5% and 10% by 5.6% and 10.5% respectively as

that of controlled specimens. This indicates that at
initial ages the rise in strength of ESP concrete is
slow, but it enhances rapidly at 7- and 28-day ages,
as shown in Figure 11. The particularized strength of
ESP concrete at 7- and 28-day is more than normal
concrete which supports its utilization for structural
concrete and other significant works.

5

Conclusion

It is concluded from the obtained observations and
results during the current experimental study that:
1) Concrete workability decreases with increasing
the amount of ESP. Decrease in slump of 6 mm
is observed which is less than that of normal
concrete which is found to be 34 mm.
2) Unit weight of ESP concrete specimens is observed to decrease with the addition of eggshell
powder.
3) Reduction in unit weight of eggshell powder concrete helps in introducing light-weight concrete.
4) The average compressive strength of ESP concrete at initial curing age decreases and by addition of more than 5% of ESP does not show
a significant effect in terms of enhancement of
compressive strength.
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S. No.

Batch/
Concrete

Eggshell
powder (%)

1
2
3
4
5
6
7

CM
ESPC1
ESPC2
ESPC3
ESPC4
ESPC5
ESPC6

0
2.5
5
7.5
10
12.5
15

1-Day
Compressive
Diff. w.r.t control
Strength (MPa)
specimen (%)
18.35
—
18.12
-1.3%
17.25
-6%
16.81
-8.4%
16.39
-11.7%
15.92
-13.3%
15.33
-16.5%
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3-Day
Compressive
Diff. w.r.t control
Strength (MPa)
specimen (%)
21.55
—
21.61
+0.28%
21.95
+1.85%
20.39
-5.4%
20.11
-6.7%
19.36
-10.1%
19.15
-11.2%

TABLE 4: Average Compressive Strength of all Specimens (1-, 3-Days)
S. No.

Batch/
Concrete

Eggshell
powder (%)

1
2
3
4
5
6
7

CM
ESPC1
ESPC2
ESPC3
ESPC4
ESPC5
ESPC6

0
2.5
5
7.5
10
12.5
15

7-Day
Compressive
Diff. w.r.t control
Strength (MPa)
specimen (%)
25.70
—
25.97
+1.05%
26.88
+4.6%
24.57
-4.4%
27.89
+8.5%
23.14
-9.96%
22.09
-11.04%

28-Day
Compressive
Diff. w.r.t control
Strength (MPa)
specimen (%)
30.98
—
29.23
-5.7%
28.31
-8.61%
32.71
+5.6%
34.22
+10.5%
28.15
-9.13%
27.51
-11%

TABLE 5: Average Compressive Strength of all Specimens (7-, 28-Days

5) The average compressive strength of ESP concrete reaches maximum at 7-day and 28-day of
curing at ESP substitution dose of 10% by 8.5%
and 10.5% respectively.
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