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Investigate the mechanical and structural
performance properties of concrete containing
eggshell powder (ESP) and glycerine.

An evaluation of the mechanical and structural
performance of concrete using eggshell waste and
glycerine

Create and prepare ESP from waste
eggshells only, excluding calcination
from the process

Identify and analyse the workability and
compressive strength properties of all
samples

Explore areas of application and
challenges that this material faces in
developing as a building material

Create 11 samples of concrete: 2 control
samples and 9 experimental samples
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Investigate the material savings of all
samples

Choice of materials used. 

Energy sources used for extreme heating or;

Methods of raw material extraction;

Objectives

Aim

Title Motivation

Current Cement Manufacturing Process

The manufacturing of cement generates
extreme amounts of heat using fossil
fuels that emit detrimental amounts of
carbon dioxide into the atmosphere,
damaging our planet.
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    of the construction industry's total
carbon emissions comes from cement
manufacturing.

%8
The construction industry accounts
for approximately 37% of global
energy and process-related carbon
emissions.

Replacement with Eggshell Waste and
Glycerine

Greenhouse gas (GHG) emissions in Ireland
have risen by 11% between 1990-2021

Source: IEA (2022)

The construction sector is

not on track
to achieve decarbonization by 2050.

Scarcity of fresh water in countries
worldwide inspires the need for
development of sustainable water-
reducing admixtures for concrete
manufacturing

3% annual reductions of carbon dioxide
emissions are required until 2030 to align
with the Net Zero Emissions by 2050
Scenario.
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Chemical Composition Comparison

CaO
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SiO2
17.9%

C3A (by Bogue)
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Is there a way of reducing the cement content of
concrete with a material that does not cause extreme
carbon dioxide pollution to create?

Global Cement Production 2022

Considered a hazardous
waste by the EU.
Widely available from
houses, bakeries and
restaurants.
Composed of
approximately 94%
calcium carbonate.

Why Eggshells? Why Glycerine?
Derived from vegetables,
plants, animals and petroleum.
Is a by-product of the biodiesel
industry.
Promotes the use of biodiesel
which is a sustainable
alternative to traditional diesel.

cosmetic industry
paper manufacturing 
glass manufacturing
soil amendment
animal feed
food and drink industry

Curre nt use of materials: Where can change be applied?
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Creation, Workability, Casting

Density (1), Curing

Water Absorption (1), 7-Day Compressive Strength

Water Absorption (2)

Water Absorption (3)

Water Absorption (4), Density (2), 28-Day Compressive Strength
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Testing Timeline

METHODOLOGY

Creation of samples
Workability testing
Density calculations
Water absorption
measurements
Compressive strength
testing
Material Savings analysis

Where?
Concrete testing
laboratory, TUD Bolton
Street

What?
11 samples of concrete
containing eggshell
powder and glycerine

How?

Why?
What is the effect of using eggshell waste and glycerine in
concrete on its  compressive strength and workability
without undergoing the calcination process?

I.S.EN12350-2-2019 Testing fresh concrete - Part 2: Slump test
I.S.EN12390-1-2021 Testing hardened concrete - Part 1: Shape,
dimensions and other requirements for specimens and moulds
I.S.EN12390-2-2019 Testing hardened concrete - Part 2: Making and
curing specimens for strength tests
I.S.EN12390-3-2019 Testing hardened concrete - Part 3: Compressive
strength of test specimens
I.S.EN12390-4-2019 Testing hardened concrete - Part 4: Compressive
strength - Specification of testing machines

Test Standards to be followed:

How am I changing the creation process?

Mix Design

Mix Ratios

What percentage of material is
being replaced?

10% ESP Replacement 15% ESP Replacement 20% ESP Replacement

0% ESP Replacement 5% ESP Replacement



Each sample in the
Experimental Group
recorded higher densities
than the samples in the
Control Group

TESTING & RESULTS

1. Eggshell Powder Creation 2. Experimental Group Mix Creation

Sample Number Day 2 Day 7 Day 14 Day 21 Day 28

1A 8.056 8.144 - - -

1B 8.083 8.167 8.177 8.1834 8.1848

2A 8.399 8.420 - - -

2B 8.329 8.351 8.354 8.3704 8.374

3A 8.600 8.639 - - -

3B 8.338 8.379 8.394 8.4062 8.4098

4A 8.253 8.278 - - -

4B 8.442 8.464 8.478 8.484 8.487

5A 8.474 8.503 - - -

5B 8.444 8.473 8.488 8.4946 8.4978

Materials are
weighed

Materials are
mixed

Materials are poured
into slump cone

Height of slump
is measured

Mix Slump Increase from Control

1 130 -

2 180 38%

3 70 31%

4 190 46%

5 180 38%

Slump Height

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5
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+46% -38% -9.5%

Workability Compressive
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Material Savings
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+21.2%

Strength Increase
Between 7 and 28 days

+51.3%

+80.2%

+56.8%

+52.1%
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Mix

Mix

Mix

Mix

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5

From visual analysis, Mix 3 exhibited the most
damage after undergoing compressive strength
testing. This consists of cracking, chipping and
flaking
Mix 2 demonstrated very little external damage
revealing only partial flaking on one surface

The glycerine may have absorbed water resulting in less water
absorption by the aggregates initially and keeping moisture in the mix

The glycerine may have improved the lubrication between the
aggregates and particles thus creating less friction and enabling
increased movement

Possibilities for Increased Workability 

The eggshells did not undergo the
calcination process and as a result, the
calcium oxide (lime) within was unable
to bond with the silica correctly and
hindered the formation of C-S-H gel.

The ESP may not have been fine
enough and further studies with finer
ESP may show improved compressive
strength results.

Possibilities for Decreased
Strength

Mix Creation

Density Calculations

Water Absorption

Workability Testing Compressive Strength Testing

Brad Whyte
O'Hara C19374483

TECH4200 TDS

Material Savings 
From all mixes, a total of 17.91kg of cement
was used and a total of 1.89kg of ESP
replaced cement. This gave a cement saving
of 9.5%.

From all mixes, a total of 8.69L of water was
used and a total of 1.22L of glycerine replaced
water. This gave a water saving of 12%. 

-12%


