10§lDé‘l_U'éloélD'él_u'élDé‘_Ué‘lo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
)

5, i L L ..:-:
et bl b k|
@ ASUNET

datiy bl i gl | it

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:cpw&-c.—)@-m-—)@(qa-)@(—m—)&qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

A
i
o

datiy bl i gl | it
i '

” s
A
» 4
\Guinl

"“""h.‘

af

ot g

L 4

L

head) oz
wbls

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)&qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

A
i
o

S bt Wi
shoid)
il it ek

@ ASUNET

datiy bl i gl | it

it

=
) odd (s

*d

issh
9 Mol
i il (09 @i

Ny
alf galsadl oan Giss

* & ¢o

&

i
O e

o il Bl o unkitiad ] il
g il

&a‘:?.m

dlg g Sl Guiga
e died

RPN EET DY o
@ ASUNET

Shad) s
~—

m
Y
ﬂ' :
-

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




Cairo University

EFFECT OF SEAWATER AS A MIXING WATER AND
CURING WATER ON MECHANICAL PROPERTIES OF
GEO-POLYMER MORTAR AND CONCRETE OF
FURNACE SLAG

By

Adel Abd-Elfatah Abd-Elfatah

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfilment of the
Requirements for the Degree of
MASTER OF SCIENCE
In
Structural Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



EFFECT OF SEAWATER AS A MIXING WATER AND
CURING WATER ON MECHANICAL PROPERTIES OF
GEO-POLYMER MORTAR AND CONCRETE OF
FURNACE SLAG

By
Adel Abd-Elfatah Abd-Elfatah

A Thesis Submitted to the
Faculty of Engineering at Cairo University in
Partial Fulfilment of the
Requirements for the Degree of
MASTER OF SCIENCE
In

STRUCTURAL ENGINEERING

Under the Supervision of

Prof. Dr. Mohamed Ismail Prof. Dr. Ahmed Mahmoud
Abd-Elaziz Serag Maher Ragab
Professor Emeritus of Properties and Professor Emeritus of Properties and
Strength of Materials Strength of Materials
Structural Engineering Department Structural Engineering Department
Faculty of Engineering, Cairo Faculty of Engineering, Cairo
University University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



EFFECT OF SEAWATER AS AMIXING WATER AND
CURING WATER ON MECHANICAL PROPERTIES OF
GEO-POLYMER MORTAR AND CONCRETE OF
FURNACE SLAG

By
Adel Abd-elfatah Abd-elfatah

A Thesis Submitted to the
Faculty of Engineering at Cairo University in
Partial Fulfilment of the
Requirements for the Degree of
MASTER OF SCIENCE
In

STRUCTURAL ENGINEERING

Approved by the Examining Committee

Prof. Dr. Ahmed Mahmoud Maher Ragab  (Thesis Main Advisor)
Professor Emeritus of Properties and Strength of Materials — Structural
Engineering

Department — Faculty of Engineering — Cairo University

Prof. Dr. Osama Abdelghafour Hodhod (Internal Examiner)
Professor of Properties and Strength of Materials — Structural Engineering
Department — Faculty of Engineering — Cairo University

Prof. Dr. Mohamed Ahmed khafaga (External Examiner)

Professor of Properties and Strength of Materials Housing And Building
National Research Center

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



Engineer’s Name: Adel Abd Elfatah Abd Elfatah .
Date of Birth: 21/01/1993
' )

Nationality: Egyptian
E-mail: adelabdelfatah680@gmail.com

Phone: 002-0109-323-8589 .
Address: No. 16, elharesy St.,tanta, Egypt I
Registration Date: 01/03/2017

Awarding Date:  ../../2021

Degree: Master of Science
Department: Structural Engineering
Supervisors: Prof. Dr. Ahmed Mahmoud Maher Ragab
Prof. Dr. Mohamed Ismail Abdel Aziz Serag
Examiners:
Prof. Dr.Ahmed Mahmoud Maher Ragab (Thesis Main Advisor)

Professor Emeritus of Properties and Strength of Materials — Structural Engineering
Department — Faculty of Engineering — Cairo University

Prof. Dr. Osama Abdelghafour Hodhod (Internal Examiner)

Professor of Properties and Strength of Materials — Structural Engineering
Department — Faculty of Engineering — Cairo University

Prof. Dr. Mohamed Ahmed khafaga (External Examiner)
Professor of Properties and Strength of Materials Housing And Building National
Research Center

Title of Thesis:

Effect of seawater as a mixing water and curing water on mechanical properties
of geo-polymer mortar and concrete of furnace slag.
Key Words:
Tap water, seawater, fly-ash, Geopolymer composite, slag,

Summary:

This research study the use of seawater as mixing water and water for treatment On the
mechanical properties of geopolymer mortar and concrete in which heat-treated kiln slag
is used at temperatures ranging from 300 ° C to 900 ° C, then studying the effect of
seawater and comparing with fresh water on a mortar consisting of sand and slag kilns
in a ratio of 1:1 as well as many concrete mixes and studying pressure resistance at ages
7.28. 90. 180 days after using seawater as treatment water for the samples and compared
with freshwater as treatment water. The study proved that the treatment of furnace slag
at 700 ° C gives the highest pressure resistance over time to the resistance of seawater.
Also proved that the use of seawater as water for mixing or treatment gives better results
than using freshwater as water for mixing or treatment in the case of using furnace slag
of different types used during the research, where several types were used, including
(Indian slag, Egyptian slag, and Turkish slag) as a carminative material instead of
cement.


mailto:adelabdelfatah680@gmail.com

DISCLAIMER

| hereby declare that this thesis is my original work and that no part of having
been submitted for a degree qualification at any other university or institute.
| further declare that | have appropriately acknowledged all sources used and have

cited them in the references section.

Name: Adel Abd elfatah Date: [ 12021

Signature:



DEDICATION

“Whoever follows a path in the pursuit of knowledge, Allah will make a path to
Jannah (Paradise) easy for him"
-Muhammad (PBUH)



ACKNOWLEDGEMENTS

In the name of Allah the most Merciful and Beneficent

First and Foremost, praise is to Allah, the Almighty, the greatest of all, on whom
ultimately we depend for sustenance and guidance. | would like to thank Almighty
Allah for giving me the blessing, knowledge, strength, support, and patience to finish
writing this thesis. | experienced a lot during this process, not only from the
academic side but also from the side of personality.

I would like to thank the following people, without whom I could not finish this
research and without whom I would not have made that to my master's degree.

First and above of all, I would like to express from the bottom of my heart my
sincere gratitude to my supervisor, Prof. Dr. Mohamed 1. Serag, for his guidance,
encouragement, advice, and ongoing support that he gave me throughout this thesis

and most importantly he provided positive encouragement and a warm spirit. His
inimitable exuberant style of inspiration helped me to complete this stupendous task.
His constant notes were one of the secrets to the work's success. | was very fortunate
to have a supervisor take care of my thesis, and he answered my questions and
inquiries immediately. 1 wouldn't have been able to get the job done without his
amazing support and encouragement.

She was so amazing Finally, I would like also to thank my colleagues especially
Eng. Yaser Talaat, Eng. Mohamed Ahmed Sabry and Eng. Mohamed labeb.
Also, I would like to thank all that have indirectly helped me bring out to this
dissertation.



TABLE OF CONTENTS

DISCLAIMER ...ttt ettt i
DEDICATION ...ttt e e e nnee s ii
ACKNOWLEDGEMENTS ...t i
LIST OF TABLES. ... ..ot vii
LIST OF FIGURES ... oot viil
LIST OF ACRONYMS ... it X
Chapter 1: INTrOQUCTION.........oiiiiieee e 1
1.1 GENEIAL . 1

1.2. RESLAICN QOAI ...ccueiieie et 2

1.3, SCOPE OF WOTK.....oeiiiiiiee e 2

1.4, TNESIS OULIINE ...t 3

1.4.1. Chapter 1: INtrodUCTION.........cueiieieee e 3

1.4.2. Chapter 2: Background and Literature REVIEWS ..........cccceevveiieiiieeriieenne. 3

1.4.3. Chapter 3: Experimental WOrk...........cccocooiiiiiiiiiiicc e 3

1.4.4. Chapter 4: Results and DISCUSSIONS..........cccoireriiirieienie e 3

1.4.5. Chapter 5: Summary, Conclusions and Recommendations ..................... 3
Chapter 2: LIiterature REVIEW ...t 4
2.1. Concrete and ENVIFONMENT ........c.coviirieiiirieieesie s 4

2.1.1. Ordinary Portland cement concretes (OPC) .....c.cccovevvivieiiieiic e 4

2.2. CoNCErt dUIability......c.cooviiiiiiie s 5

2.2.1. DUrability OVEIVIBW. .......ccoiiiiiiiieece s 5

2.2.2. DURABILITY OF CONCRETE AND CRACKS........ccooviieiieeiieniene 6

2.2.3. CONCRETE DURABILITY IN MARINE EVIROMENT. .......c..coee.e. 7

2.3. Geo- polymer concrete back ground...........cccocveiieiie e 8

2.3.1. Terminology of geo-polymer v.s ordinary Portland cement (OPC)......... 8

2.3.2. Health and safety concerns in geo-polymer concrete production. ........... 9

2.3.3. Advantages and disadvantages of geo-polymer ..........cccccvvvevvecvernennnn, 10

2.4. Geo-polymer concrete and application ...........ccocvevveieiiene e 10

2.4.1. Constituents of geo-polYMEr .........ccccveiiiiiiiicce e 10

2.4.1.1. Source of materials used in geo-polYMEr .........ccoovveviiieniinieiiennns 10

iv



2.4.1.2. AIKAIING QCHIVATON .. ..cco oo 11

2.4.2. Geo-polymerization MeCchaniSM..........ccocureiirieieiene e 12
2.4.3. Types Of ge0-POIYMEN........ccoiieiiieceee e 13
2.4.3.1. Fly ash based geo-POIYMEr ..o 13
2.4.3.2. Slag based geo POIYMEr .........oooiiiiiiecce e 14
2.4.3.3. Rock Based Geo POIYMET .......ccooiiiiiiiiiiieeceee e 15
2.4.4. Properties Of ge0-POIYMEN ..o 16
2.4.4.1. Geo-polymer mechanical properties..........cccceveverenenenesineenenns 16
2.4.4.2. Factors influencing geo-polymer properties.........cccocveveviveieieennnnn 18
2.4.5. The durability of geo-polymer CONCrete.........covvvvvvveveivieieece e, 20
2.4.6. geo-polymer concrete appliCcation ...........cccoevveeiieieiie e s 22
2.5. Summary on related WOIK ...........cooeiiiiiiieiece e 23
Chapter 3: Experimental Program ...........cccooeiiiieeieiiie e 26
3L GENEIAL ... s 26
3.2. Overview of Experimental Program .........cccceoevvevvcieiieene e 26
3.3. Characterization of Used Materials.............cccoviiiiiiiiiiiiceeee, 30
3.3.1. Fine aggregates (SANd) ........cccueierrererieniesiesieeee e 30
.3.3.2 Coarse aggregate (crushed stone aggregate) ..........ccooeverererenenennennnn. 31
TR T 1o OO 31
3.3.4 TYPE OF CEBMENT.....oiiiiceee e 33
B35 FIY @SN o s 33
3.3.6. Metakaolin(IMK) .......c.ooiiiiieie e 33
3.3.7.C08L ASN .. 34
3.3.8 ALKAIING HQUIT......eiiiiiicce e 34
3.3.8.1. Sodium silicate (NA20) ......ccereririiiiiiisieiee s 34
.3.3.8.2 Sodium hydroxide (NaOH).........c.ccoveveiieiicc e 35
3.3.9 SUPET PIASHICIZEN ... 36
3.3.10 MIXING WALET ...ttt st 37
3.4. Process of ManufaCturing .......cccooieiiiieiieiece e 38



3.4 1. IMIXEUIE CONSTITUBIIES ... 38

3.4.2. MiXiNG PrOCEAUIE .....cuiiiiiiiiiieiieee e 41
3.4.3. Casting and CUINQG ......coiieieiieieeie e e e sre e e e 43
Chapter 4: Results and DISCUSSIONS ........ccuiieieriirieriesiesiesiesieseeie e 47
g I (11 oo 0 Tod o] SRS 47
4.2. Mechanical properties Of CONCIELE ..........cooviiriiirieieere e 47
4.2.1. Compressive strength of CONCIEte .........ccoovviiiiiiiiiere e 47
4.2.1.1. Compressive strength of geopolymer mortar mixes with 100% slag
AS TEPIACEIMENT ...t 47

4.2.2. Compressive strength of geopolymer concrete mixes with 100% slag as
=T 0] F- 0t 40 T=] L RO URRPRPRR 64
Chapter 5: Summary, Conclusions and Recommendations.............cccocvevveivernennnnn. 71
5.1 SUMMAIY .ttt ettt ettt ettt et b et e e nbe e e sae e sneeanbeenbee s 71
RETEIEINCE ... e bbbt nnes 73

Vi



LIST OF TABLES

Table (2-1): Chemical composition 0f GGBFS(8).........ceocvriiiieiiiiieiiere e 11
Table (2-2): The fly ash-based geo-polymer compressive strength with different water

content ratios (Rangan and LIyod 2010).(1)....cccviiieiiieiieieieerie et 20
Table (2-3): Geo-polymeric materials applications Davidovits, 1999.............ccccceenene 22
Table (3-1): Physical properties of fine aggregates. .......cccoovevvreererieiiere e 30
Table (3-2): Physical and mechanical properties of coarse aggregate ............ccocvevennne. 31
Table (3-3): Chemical composition of Egyptian slag (XRF analysis) ............cccceevenene. 32
Table (3-4): Chemical and mechanical properties of Indian slag...........cccccccevvveiviinnen, 32
Table (3-5): Physical properties of ordinary Portland cement .............c.ccccoeviveieiiennnnn 33
Table (3-6): Physical properties of fly ash ..........cccooveiiiiiiiiiiie e 33
Table (3-7): Physical properties of metakaolin .............ccooovviiiiiniiiee 33
Table (3-8): Chemical composition of coal ash (XRF analysis) ..........cccocveverieeieniennnns 34
Table (3-9): Chemical and physical properties of sodium silicate............c.cceeverviinnenn 35
Table (3-10): Chemical and physical properties of sodium hydroxide...........c.cccoceenen. 36
Table (3-11): Technical data (at 25°C)of addicted BVF super plasticizer..................... 36
Table (3-12): Properties 0f SBAa WALEK ...........cccvveiiiiiii et 37
Table (3-13): Tested SPECIMENS ELAIIS ........ccveiveiriiiriiiree e 38
Table (3-13): Tested SPECIMEN detallS..........cceiveiiiiiiiiieeeee s 39
Table (3-15): The tested specimen detailS..........ccooeiviiiiiiiinc 40
Table (3-16): Tested SPeCIMENS UELAINS ..........ccveiieiiciece e 41
Table (3-17): Number of mixXes in €aCh group. ........ccevveveiieieece e 43

vii



LIST OF FIGURES

Figure (2-1): For co2 emission percentage from the cement industry. .........ccccceevreenenn 4
Figure (2-2): Emission of CO2 during Portland cement (OPC). [4] .......ccoovviiiiiinieinnnns 5

Figure (2-3): Show the increase in 7-days ordinary Portland cement (OPC) strength
through the 1aSt 70 YRAIS. ....c.vveceie e 6

Figure (2-4): The deterioration stages of reinforced concrete caused by corrosion (4)...8

Figure (2-5): Comparison between the chemical composition of geo-polymer, and

ordinary Portland cement (Davido-Vits 2013) (1). c.ccoveveiiiereeieiieseeee e 9
Figure (2-6): Mortar surface of ordinary Portland cement (OPC) and geo-polymer

concrete surface (DavIdOVItS 2013).......ccoiiiiiirieiieieiere e 9
Figure (2-6): Geo-polymerization Process (9)......ccccvveveeieeiieeresiere e esie e 12
Figure (2-8): (a) Ungraded fly-ash ..........cooiieiiii i 13
Figure (2-9): (B) Graded fly ash [1] .....ccovvviiiiiieii e 13
Figure (2-10): Typical sem image Fggbs (Wan et al.2004) (1)......ccccovvvmnienrnnienninienne 15
Figure (3-1): The flowchart of control mixes in part ONe...........ccovcvevevienenienie e 26
Figure (3-1): The flowchart for part ONe ... 27
Figure (3-3): The flowchart for part two group (D&E)........cccocovevviiviiiiececeee 28
Figure (3-4): The flowchart for part two group (F).....ccooveieeieiieiree e 29
Figure (3-5): Grading Of fiNe agQregate .........cccveiiieiiiiii e 30
Figure (3-1): Grading Of COArse aggregate ........cooeieierirenieeeeie e 31
Figure (3-7): sodium Silicate SOIUION.........ccoeiviiiiiiiieieeee e 34
Figure (3-8): ProducCt TOIM .........ooiiiiiiiiieeee e 34
Figure (3-9): sodium silicate SOIULION............cccoviiieiieie e 35
Figure (3-10): Weight Of (NH) .....ooveiieeceeee e 35
Figure (3-11): ProducCt FOIM ........cooiiiiecic et 35
Figure (3-12): Product TOIM........ccoiiiiiiiiiiee e 36
Figure (3-13): weight of (SUPEr PIASHICIZEN)......cc.oiiiiiiiiieieeee e 36
FIQUIE (3-12): PRVAIUE ..ottt 42
Figure (3-13): temperature VAIUE..........cccocveieeieiie e 42
Figure (3-16): Preparing the mold cubes before casting (10*10*10)..........ccceeevevvvennnne. 44

viii



