Replacement with Eggshell Waste and

Glycerine

Title

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

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

Objectives

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

Create 11 samples of concrete: 2 control
samples and 9 experimental samples
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The manufacturing of cement generates
extreme amounts of heat using
that emit detrimental amounts of
into the atmosphere,
damaging our planet.
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Greenhouse gas (GHG) emissions in lreland
have risen by 11% between 1990-2021
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/o of the construction industry's total
carbon emissions comes from cement
manufacturing.

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

Is there a way of reducing the cement content of
concrete with a material that does not cause extreme
carbon dioxide pollution to create?
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Chemical Composition Comparison
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METHODOLOGY

Testing Timeline
Why?

What is the of using and N
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without undergoing the calcination process?
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o
, TUD Bolton testing
Street C analysis

Test Standards to be followed:

e [.S.EN12350-2-2019 Testing fresh concrete - Part 2: Slump test

e |.S.ENT12390-1-2021 Testing hardened concrete - Part 1. Shape,
dimensions and other requirements for specimens and moulds

e |.S.ENT12390-2-2019 Testing hardened concrete - Part 2: Making and
curing specimens for strength tests

e [.S.EN12390-3-2019 Testing hardened concrete - Part 3: Compressive
strength of test specimens

e |.S.ENT12390-4-2019 Testing hardened concrete - Part 4. Compressive
strength - Specification of testing machines

Mix Design

How am | changing the creation process?

CONTRG- M ' x Exp ER ( MENTA L ( EAP) M IX Concrete mix design form JODHItIE : oo

L im Q—S{One Reference
(cqlc‘.um Cafbo n0+c) Eg S\qel ‘S L \M €5+0 ne Stage Item or calculation Values
(CQC 0 3) . 9 . ' ) (CO,\CMN Cor bO ﬂa"'e) 1 1.1 Characteristic strength Specified { ............... <A NimmZat ... - o days
(CC{ [ cium  Caroonate (CQ CO 5) Proportion defective  ..o.vvveees e S %
(CQ C 03) 1.2 Standard deviation FO3 N/mme or no data ... 8 . Nimm?
1.3 Margin & _ 1.64 1.64 N 8 _ 13.12
,‘3 o AR U SONE. ..o SO e .. ; N/mm?
\ c < Specified IRLAI T
| Q
Q‘S) Y E 1.4 Target mean strength c 35 ....... + 1312 = 4812 N/mn?
qb) 1.5 Cement strength class Specified 42.5/52.5
1.6 Aggregatetype: coarse Crushed/uncrushed
Aggregate type: fine Crushed{ uncrushed
1.7 Feewater/cement ratio Table2, Hgd ... 0 51 ..............................
; o 0.50 Usethe lower value | 0.50
\/ + l \ / 1.8 Maximum free-water/ Speciiisd 00000 cereen T ecorseresssenvesme
cement ratio
. egetable
Carbon Lime : . .
oho)c{de (qu> G(HCG"I’\Q Eggshe“ POWC‘E/' Lmﬂe Carbon 2 2.1 Sump or Vebetime Specified Sump 60_180 mm or Vebetme ... nla .............. S
(CO?_) (E S P) (CQO) diox ,'d e 2.2 Maximum aggregate size Specified 20 mm
/ . (C 0 2) \ 2.3 Freewater content TBIE 3 225 kg/m®
< —-
9 c E ‘H(’,d
: D Mi as a 225 . 0.50 _ 450 3
Em I‘H'Cd as o ‘g & + 3 3.1  Cement content < N ma ........................................................... kg/m
waste p rod uct = o Was e Pde U.C+ 3.2 Maximum cement content Specified kg/m®
— g 3.3 Minimum cement content Specified ... nfa_ . kgl m?
. \b . 7 use 3.1 @f53.2 o ;
COQ(SQ F'me A Wu.h'r Coarse Fine use3.3if>3.1 ka/m
WG“ l 039(690"(9, Q99 r €9 Q{Q C e {- aﬂj r@fe, Q99 reﬂa‘te’ C erﬂen{ 3.4 Modifiedfreewater/cement ratio h/a
4 41 BRdative densityof 2 7 ......................... known/assumed
R [ Q ( . aggregate (SSD)
¢p aces CP aces _.)S_é ES P X / HMOUNT 4.2 Concrete density Fg5 2380 kgime
157 0 F Qmoun+ OF 8 : — 4.3 Total aggregate content L 2380 ......... — o 450  _ 225 ...... L . kg/m®
Water in Cement 05 Mix#| X7 RepLAcING CEMENT
CGOH E)‘p . 1‘ n d l'CQi" e d 5~ / 5 5.1 Gading of fine aggregate Percentagepassing600 imsieve  .......................... 10 %
M 1% 2 ’ 52 Proportionoffineaggregate HQ6 35 ............................................. %
' 0.35
2 107 5.3 Fneaggregate content w0 || s L N R =| 595 kg/m®
Combined Lo - = | 1110 g
moine m | 5 / 54 Coarseaggregatecontent | 00000 mieanmenaiimninenin T i e e s = kKg/m
Combined :
5 207, Cement Water Fine aggregate Coarse aggregate (kg)
¢ J Quantities (kg) (kg or litres) (kg) 10mm  20mm  40mm
Gfgcer'ﬂe, - €99 shell S — 450 225 595 370 740 nfa
C oncrﬁe« co ﬂcre‘f& (G ESC) per triamixof ... 0:.008 mé e oo T o 2%  bEe nla .....
temsinitalics are optional limiting valuesthat may bespecified (see Section 7).
Conerete strencth is expressedin the units N/mm®=. 1 Némme = 1 W/ m# = 1 MPa (M= newton; Pa= pascal.)
Theinternationally knownterm 'relative density’ used hereis synonymous with 'specific gravity' andisthe ratio of the mass of a given volume of substance tothemass of an equal volumeof water.
S30= based onthe saturated surface-dry condtion.
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Mix Creation

1. Eggshell Powder Creation 2. Experimental Group Mix Creation
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Water Absorption

Sample Number Day 2 Day 7 BEVALA Day 21 Day 28

Water Absoprtion

1A 8.056 8.144
9 — a033 - 17 - 04
2A 8.399 8.420
8.8
8.329 8.35]1 8.354 8.3704 8.374
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5B 8.444 8.473 8.488 8.4946 8.4978
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Workability Testing Compressive Strength Testing
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Mix Identity
Materials are Materials are Materials are poured Height of slump

-Slump Height

200 - Increase from Control Possibilities for Decreased Strength Increase
Strength Between 7 and 28 days

=0 e The eggshells did not undergo the e
calcination process and as a result, the \

100 calcium oxide (lime) within was unable ] +21.2%
to bond with the silica correctly and

50 hindered the formation of C-S5-H gel. i

. 5 180 38% e The ESP may not have been fine 2 +51.5%
M Mz MRS s M enough and further studies with finer

ESP may show improved compressive

Possibilities for Increased Workability strength results

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

+80.2%

Material Savings

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

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

+50.8%

of 9.5%.
Mix
From all mixes, a total of 8.69L of water was
used and a total of 1.22L of glycerine replaced +57 19
water. This gave a water saving of 12%.
Mix2  Mix3 i Workability Compressive  paterjal Savings

Strength
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

Experimental

Cement

+460% -389%  -95% -12%
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