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Abstract

The construction sector a is a great customer of Natural resources and a main
contributor to average CO2 emissions, specially through cement manufacturing. To deal with those
environmental troubles, this paper investigates the ability of the usage of waste eggshell granules
(WEG) as a partial replacement for conventional cement in concrete mixture. Eggshells, mostly
composed of calcium carbonate, provide a sustainable opportunity due to their chemical composition
and abundance. This research aims to determine the most efficient blending ratio of WEG in concrete
to enhance its tensile and compressive strength, hence contributing to sustainable practices. The study
involves an in depth assessment of the existing literature at the use of various unused or waste
substances in concrete, with a particular focus on WEG. Key research, along with the ones by means
of Amu et al. (2005), Sobolev and Batrakov (2007), and Chileshe et al. (2019), have demonstrated the
ability and benefits of incorporating eggshell-derived substances into concrete. These studies have
highlighted enhancements in mechanical strength , along with compressive and tensile strength .
However, there is a lack of standardized research on the most effective or optimal blending ratios of
WEG, which this research paper targets to deal with. Recent studies through Pacheco-Torgal and Jalali
(2011), Bashar et al. (2020), and Mourad et al. (2022) has in addition emphasized the environmental
and structural blendings of the use of waste substances in concrete. By systematically comparing the
physical and chemical properties of WEG, designing concrete mixtures with various ratios, and
carrying out tensile and compressive strength, this paper seeks to discover the ratio that maximizes
concrete strength. Additionally, the studies will determine the environmental and financial impact of
incorporating WEG in concrete. The findings of these studies are anticipated to have substantial
implications for sustainable production practices, waste recycling and reducing the environmental
effect of cement production. By identifying the optimal ratio of WEG in concrete, this research aims
to pave the manner for extra durable and environmentally sustainable construction materials, aligning
with global efforts to enhance sustainability inside the production enterprise.
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I. Introduction

e The industry of construction, one of the maximum top notch clients of natural resources consumer
and has a completely strong impact on environmental sustainability. Cement manufacturing is an
important thing as in this enterprise/sector that contributes to a massive % of worldwide CO2
emissions making it necessary to have more sustainable approaches in production. In response to
this need, researchers were investigating opportunity materials with which some portion of
traditional raw materials used for cement production may be replaced thereby diminishing its
ecological results. One such solution is the use of wasted eggshell granules (WEG). On an
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international scale, households, restaurants, bakeries and hatcheries contribute in the direction of
8.58 million metric tons/yr of eggshell waste production. Normally it ends up in landfills wherein
presence of pests and insects turns into hazardous to the surroundings and human lifestyles and
purpose numerous risk to the human lifestyles. The use of wasted and discarded egg shells does
not only offer an environmentally sound manner by way of which waste may be controlled but
may also function potential replacement for limestone during cement production.

e Eggshells are especially made from calcium carbonate thus additionally constitute a super
opportunity for re-use in cement production as a replacement of calcium carbonate extracted from
natural resources . Eggshells are basically composed of calcium carbonate whose composition is
(CaCO03), which has identical composition as limestone and performs a vital function in cement
manufacturing. This studies seeks to become aware of the optimum mixing ratio of WEG in
concrete to enhance its tensile and compressive properties, as a result contributing to sustainable
creation practices.

Il. Literature Review

The construction /Industries enterprise’s shift towards sustainability has brought about sizeable
studies into alternative substances that can partially replace traditional sources in concrete production.
Various waste materials, along with fly ash, wasted sea sell, slag, rice husk ash and such a lot of
different materials, were investigated for their capability to reinforce the concrete properties and also
reducing environmental effect.

With this background, utilizing waste eggshells in concrete, the effectiveness validated by way of
Malhotra and Mehta (2002) in improving concrete properties with fly ash serves as a critical literature.
Similar to fly ash, a waste of coal after combustion, has been observed to enhance the sturdiness and
strength of concrete, use of waste eggshells present a comparable opportunity for boosting the
performance of concrete . Both materials offer the advantage of being waste products that can be
correctly utilized and addressing environmental issues related to their disposal and enhancing the
residences of concrete. By utilizing the calcium carbonate content material of waste eggshells,
researcher’s intention to acquire enhancement in concrete strength and sturdiness, corresponding to
those determined with the incorporation of fly ash. Therefore, studies showcasing the positive effect
of fly ash on concrete properties provide valuable insights and precedents for exploring the potential
advantages of waste eggshells as a sustainable additive in concrete manufacturing.

Similarly, the remark emphasised by Bonavetti et al. (2003) associated with the advantages of
incorporating slag in concrete combinations offer a vital insights into the capability advantages of
making use of waste substances, which may be prolonged to the context of waste eggshells within the
cement industry. Similar to slag, waste eggshells own properties that can enhance the mechanical
strength and durability of concrete. By using waste eggshells granules as a supplementary material in
concrete manufacturing, researchers purpose to acquire enhancements in numerous overall
performance components, together with compressive strength, tensile strength, and sturdiness. Just as
slag has been verified to positively affect concrete properties, waste eggshells have the capacity to
make contributions to sustainable production practices by using lowering reliance on traditional raw
materials whilst simultaneously addressing waste control challenges. Therefore, studies highlighting
the benefits of incorporating slag in concrete combinations offer a foundation for exploring the
potential of waste eggshells as a feasible and environmentally sustainable friendly additive in the
cement industry. Waste Eggshells granules (WEG) as a Construction Material Eggshells, which are
frequently discarded or thrown as a waste, but they contain excessive levels of calcium carbonate,
making them a promising opportunity in cement manufacturing. Research on wasted eggshells has
explored their capability to apply as a production material due to their chemical composition similarity
and abundance.
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The study conducted by way of Amu et al. (2005) throws the light on the advantages of incorporating
wasted eggshell powder or granules into concrete, especially for enhancing compressive power. This
study is surprisingly relevant and critical to the usage of wasted eggshell powder or granules inside the
cement industry, because it demonstrates the fantastic effect that eggshell-derived materials can have
on concrete properties. By investigating the usage of eggshell powder, which stocks chemical
similarities with waste eggshells, Amu et al. Gave us valuable insights into the powerful use of waste
eggshells as a supplementary material in concrete manufacturing. Their findings advocate that waste
eggshells (WEG), while processed into powder shape and included into concrete mixture, have the
capacity to enhance the compressive properties of the resulting concrete. This underscores the ability
of waste eggshells as a sustainable opportunity to standard additives in the cement enterprise, imparting
amazing possibilities for lowering environmental impact and promoting resource performance.
Therefore, the study through Amu et al. Serves as a compelling precedent for in addition research at
the usage of waste eggshells in cementations substances, highlighting its potential to improve concrete
performance and contribute to sustainable construction practices.

Have a look at the study of Sobolev and Batrakov (2007) which offers extra and another proof to
assist the concept that wasted eggshell granules (WEG) can successfully enhamce concrete properties
as a partial alternative for conventional cement. Their research contributes valuable insights into the
potential blessings of incorporating eggshell-derived materials into concrete combinations, aligning
with the overarching objective of utilising waste eggshells within the cement enterprise. By exploring
using eggshell powder as a partial replacement for traditional cement, Sobolev and Batrakov tested its
efficacy in improving one-of-a-kind form of concrete properties. This consists of enhancements in
compressive power of concrete, durability of concrete, and different mechanical characteristics, further
corroborating the findings of in advance studies together with Amu et al. (2005) and others. Their
research underscores the versatility of waste eggshells granules(WEG) as a supplementary material in
concrete manufacturing, presenting promising avenues for sustainable production practices inside the
construction sector . By highlighting the overall positive effect of wasted eggshell powder on concrete
residences, Sobolev and Batrakov's observation contributes to expanding the records at the utilization
of waste eggshells granules (WEG) in cementitious materials. This strengthens the concept for in
addition exploration and implementation of waste eggshells as a viable and eco-friendly additive
within the cement enterprise, in promoting material usefulness resource efficiency and environmental
sustainability .

However, the majority of those studies have targeted on wasted eggshell powder instead of granules,
and there may be limited studies on the best/optimal mixing ratios of WEG in concrete. This gap inside
the literature necessitates in addition investigation into the use of eggshell granules to determine their
effectiveness in improving concrete strength.

2.1 Study of Mechanical Properties of Eggshell-Enhanced Concrete
Several researches have tested the mechanical properties of concrete with added eggshells, indicating
capability upgrades in strength and sturdiness.

The research performed by means of Chileshe et al. (2019) gives large insights into the potential of
utilising eggshell waste in concrete, especially in terms of enhancing each compressive and tensile
strengths. This study aligns intently with the goal of exploring the usage of waste eggshells inside the
cement industry, highlighting its effectiveness in enhancing key mechanical properties of concrete. By
investigating the incorporation of eggshell waste into concrete mixture , Chileshe et al. Demonstrated
its potential to definitely effect each compressive and tensile property, important elements in figuring
out the structural integrity and performance of concrete structures. Their findings offer proof of the
viability of waste eggshells as a supplementary material in concrete manufacturing, offering promising
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prospects for enhancing the overall satisfactory and durability of concrete. Moreover, this research
underscores the sustainable potential of utilising waste materials in construction, addressing each
environmental concern associated with waste control and the need for useful resource-green answers
within the cement enterprise. Therefore, the study by Chileshe et al. Serves as a treasured contribution
to using waste eggshells in cementitious materials, emphasizing its function in promoting sustainable
construction practices and advancing the improvement of eco-friendly concrete formulations.

Similarly, experiment performed with the aid of Vazquez-Rowe et al. (2021) offers in addition proof
of the potential advantages of incorporating eggshell waste into concrete mixes, mainly in improving
mechanical properties. Their studies align intently with the objective of exploring the utilization of
waste eggshells in the cement enterprise, highlighting its efficacy in enhancing the overall performance
of concrete. By investigating the incorporation of eggshell waste into concrete mixes, Vazquez-Rowe
et al. Proven its potential to definitely impact mechanical properties together with compressive power,
tensile power, and different relevant factors. These findings underscore the versatility and
effectiveness of waste eggshells as a supplementary material in concrete production, supplying
promising avenues for boosting the overall strength and sturdiness of concrete systems. Moreover,
this research contributes to the developing body of knowledge on sustainable construction practices,
emphasizing the significance of making use of waste materials to cope with environmental concern
and promote resource efficiency within the cement industry. Therefore, the research conducted by
Vazquez-Rowe et al. Serves as a valuable addition to the literature on the use of waste eggshells in
cementitious substances, similarly supporting its function in advancing sustainable construction
practices and  fostering the improvement of green concrete  formulations.

Despite those findings, the studies frequently use various ratios without a standardized method, leading
to inconsistent effects. There is a need for systematic research to set up a clean knowledge of the
superior ratio of WEG for maximizing concrete strength.

2.2 Recent Research and Advances
Recent studies have continuously discover the use of unused and waste materials in construction
enterprise, emphasizing the capacity benefits and challenges associated with the usage of diverse
material.

In their research paper, Pacheco-Torgal and Jalali (2011) highlights the environmental benefits
related to the use of the industrial waste into concrete and thus highlighting the significance of
sustainable materials in alleviating the environmental effect of the construction enterprise hence
decreasing the overall Emission of Co2. By assessing the utilization of industrial waste in concrete
production, the researchers emphasised the ability to reduce dependence on natural sources and
decrease the waste era, accordingly developing to an extra sustainable production sector. Their findings
highlights the significance of adopting environmentally friendly and sustainable practices and use of
waste substances in concrete production, as a means to address increasing concerns over environmental
decay and resource depletion associated with cement industry.

In this regard the use of industrial waste as a beneficial opportunity in concrete combinations, Pacheco-
Torgal and Jalali provided important insights into the position of sustainable materials in attaining a
environmentally responsible construction industry. This study serves as a vital contribution to the
discourse on sustainable construction practices, emphasizing the need for revolutionary solutions to
lessen the environmental footprint of concrete manufacturing and long term environmental benefits.

In their experiment, performed by way of Bashar et al. (2020) explored into the usage of agricultural
waste in concrete and discovered out promising consequences regarding the development of
mechanical residences. Focusing on waste substances including rice husk ash, sea sell and eggshells,
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the researchers confirmed their great potential in improving the mechanical power of concrete. By
using those agricultural through-products into concrete combinations, Bashar et al. showcased the
capacity to not only best replace waste substances but additionally increase the overall performance of
concrete structures. Their findings underscored the versatility of agricultural waste in enhancing
concrete properties’, presenting a sustainable strategy to address each waste management challenges
and the search for improved production materials. Through their meticulous examine, Bashar et al.
Contributed treasured insights into the feasibility of integrating agricultural waste into concrete
production, paving the way for the adoption of green practices in the construction enterprise. This
research serves as a pivotal contribution to the sphere, highlighting the transformative capability of
agricultural waste in advancing sustainable production practices and fostering environmental
sustainability.

In their latest exploration, Mourad et al. (2022) delved deeper into the utilization of eggshells in
concrete, losing mild on its potential to enhance compressive strength and durability. Building upon
existing research, the study performed by way of Mourad et al. Offers valuable insights into the
efficacy of incorporating eggshells as a supplementary material in concrete mixture. By focusing at
the development of compressive power and durability, the researchers provided compelling proof of
the benefits associated with making use of eggshells in concrete manufacturing. Their findings now
not only reaffirm the ability of eggshells as a valuable aid in the construction enterprise however also
underscores the importance of sustainable substances in improving concrete overall performance.
Through their meticulous investigation, Mourad et al. Contributed to expanding the knowledge.

A study with the aid of Wang et al. (2023) determined that a ten- to fifteen percentage substitute of
cement with waste eggshell powder furnished the great stability among strength and overall
environmental benefits.

Another study by means of Ganesan et al. (2023) investigated using eggshell granules and diagnosed
a 12% substitute ratio as most beneficial for compressive strength.

These recent studies underscore the importance of continuing research into the use of waste materials
in concrete, with a focus on determining optimal mixing ratios to achieve the best mechanical
properties.

2.3 Previous Work on Optimal Ratios

Research into the optimal ratio (Ratio for best quality overall performance of concrete) of waste
substances in concrete has furnished insights into how those wasted substances like eggshell granules
may be efficiently used.

Ramachandran et al. (2016) highlighted the usage of rice husk ash in concrete and diagnosed precise
alternative chances that yielded the satisfactory consequences in terms of strength and durability. This
experimental methodology can be implemented to study the high-quality ratio of WEG in concrete
mixture, involving exact experimental layout and evaluation.

Olutoge et al. (2017) got here to conclusion in an experiments with varying ratios of eggshell powder
in concrete and located that a ten%(1:20 ) replacement stage resulted in greatest strength properties of
concrete . Although, the have a look at called for greater studies into exclusive kinds of eggshell waste,
which include granules, to check their effectiveness.

2.4 Problem Statement for the research after literature review
While the use of WEG in concrete are already practiced, comprehensive research focusing at
the most excellent blending ratio for maximizing concrete's mechanical properties, specially tensile

UGC CARE Group-1 151



Industrial Engineering Journal
ISSN: 0970-2555

Volume : 53, Issue 6, No.5, June : 2024

and compressive properties, are limited. Thus , Identifying this best ratio is important for the practical
application of WEG inside the cement industry, ensuring both environmental and structural benefits.

2.6 Summary of Findings from literature Review

This studies concept highlights the need to discover the most beneficial ratio of waste eggshell granules
(WEG) within the concrete to improve its tensile and compressive properties. By the use of the calcium
carbonate content of eggshells, this studies paper pursuits to provide a sustainable and environmental
friendly opportunity to the traditional limestone in cement production. The literature point out the
ability of WEG as a replacement in production material and emphasis on the need of determining the
only blending ratio.

2.7 Research Aim

The primary aim of these studies is to investigate the optimum ratio or a best ratio of mixing waste
eggshell granules in concrete to achieve the satisfactory viable tensile and compressive properties for
the exceptional characteristics of concrete. By figuring out this ratio, the study pursuits to make a
contribution towards the improvement of sustainable materials and reduce the environmental impact
of cement production. Following are the objectives

« Evaluate the physical and chemical properties of waste eggshell granules.

« Design and prepare concrete mixtures with varying ratios of WEG.

o Conduct tensile and compressive strength tests on these concrete samples.

o Analyse the results and identify the optimal ratio of WEG that maximizes strength properties.

I11. Conclusion

Finding the most suitable ratio of WEG in concrete has major large implications for each
environmental sustainability and the construction industry. Therefore a success implementation of
WEG can diminish the environmental effect of cement manufacturing on nature, waste recycling, and
probably decrease material costs. Moreover, enhancing the mechanical properties of concrete can
contribute to longer-lasting and extra durable structures, leading to the overall performance and
sustainability of the current environment.

3.1 Future Work

Future research has to focus on undertaking holistic experiments to examine an appropriate ratio of
WEG that maximizes concrete power and performance of concrete. This consists of thorough testing
of different blending ratios, long-time period durability exam, and the improvement of standardized
hints for WEG use in the creation industry. Additionally, monetary and environmental impact analyses
will be important in demonstrating the sensible advantages of adopting WEG in cement manufacturing.
By addressing these components, this research aims to pave the path for greater sustainable
surroundings pleasant and modern production practices, aligning with global efforts to lessen
environmental effect and promote aid efficiency.
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