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Research on the reuse of waste materials in the concrete industry has been quite intensive in the past decade.
The objective of this research is to identify the performance of oven-dried eggshell powder as a partial cement
replacement in the production of concrete under both water-cured and air-cured regimes. Eggshell powder of various
amounts, namely 5%, 10%, 15% and 20% by volume, was added as a replacement for ordinary Portland cement.
The results showed that water-cured eggshell concrete greatly improved the compressive and flexural strength of concrete,
by up to 51·1% and 57·8%, respectively. The rate of water absorption of eggshell concrete was reduced by approximately
50%, as eggshell powder filled up the existing voids, making it more impermeable. However, the compressive strength of
the eggshell concrete decreases gradually when the amount of eggshell powder increased, during immersion in acid and
alkali solutions, because eggshell contains a high amount of calcium, which reacts readily with acid and alkali solutions. As
the eggshell content increases, the solution reacts with the paste so the bonding of the paste reduces, and therefore the
strength also reduces. The reduction of compressive strength during immersion in sulphuric solution and sodium sulphate
solution was 27·5% and 31·2% respectively when 20% eggshell powder was used to replace cement. It can be concluded
that the optimum percentage of oven-dried eggshell powder as a partial cement replacement is 15%.

Introduction
Concrete materials are extensively used in the construction
industries. One of the essential ingredients, ordinary Portland
cement (OPC), is generally expensive and yields carbon
dioxide emissions during production. Approximately 900 kg
of carbon dioxide greenhouse gases is produced to make 1 t
of cement. As a result, the social and environmental issues of
sustainability and energy conservation are encouraging the
cement industry to lower and partially replace its cement pro-
duction with supplementary cementing materials. Nowadays,
various waste materials are being studied and utilized as raw
materials in concrete production. Recycled materials have
been added to concrete to reduce the amount of post-consu-
mer waste and industrial byproducts entering landfills (Naik,
2002). Eggshell is a solid waste generated from chick hatch-
eries, bakeries and fast-food restaurants (Sivakumar and
Mahendran, 2014). In Malaysia, it is reported that approxi-
mately 36·5 million eggs are produced daily, and this figure is
expected to increase by 3–5% in 2018 (Stock Hut, 2015). In
fact, for every billion eggs produced, 6600 t of high-grade
lime powder could be produced (Duncan and Allison, 2015).
As an alternative, eggshell could be used as a partial or total
substitute for natural mined limestone. Moreover, the main
component of eggshell is calcium carbonate, which is very
similar to cement (Okonkwo et al., 2012). Thus, in our ever-
increasing efforts to convert waste into wealth, the efficacy of
putting eggshells to beneficial use becomes an idea worth
embracing.

Few attempts have been made in the past by researchers to
utilize eggshell powder. The common salt in eggshell has been
used to stabilize lateritic soil in the subgrade during roadworks
(Amu and Salami, 2010). It was additionally found that, while
eggshell powder possesses low binding properties, it signifi-
cantly improved the strength of the subgrade soil (Olarewaju
et al., 2011). Furthermore, eggshell may be a good accelerator
because it provides additional calcium oxide, which is respon-
sible for expediting both the initial and final setting of concrete
(Mtallib and Rabiu, 2009). During prolonged periods of heavy
rain, construction works may frequently be interrupted and it
is thus desirable to minimize the length of the setting time of
the stabilized matrix as much as possible.

This study focuses on the performance of concrete using egg-
shell powder as a partial cement replacement at volumes of
5%, 10%, 15% and 20%. The analysis of eggshell concrete was
divided into three categories: the characteristics of eggshell
powder, the mechanical properties of eggshell concrete, and
the performance of eggshell concrete in terms of durability.

Experimental investigation

Materials
The eggshells were obtained from Eggtech Manufacturing
Sdn Bhd, located at Puncak Alam, Malaysia. The eggshells
were obtained from the factory in pre-compacted and semi-
crushed condition. They were packed in 8 l plastic bags, as
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