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Summary:

Prolonged mixing is one of the problems that face ready—mixed concrete industries as it
affects the workability of concrete. An experimental program was conducted to
investigate enhancing the workability using retempering procedure. Three types of FRC
mixes were exposed to prolonged mixing up to 2 hours mixed with 4 types of admixtures
(Type G, Type D, Type F, Silica Fume) at initial mixing and then with superplasticizer
(Type F) after two hours of mixing. Slump, Slump loss, temperature and setting time
were measured as fresh concrete properties. Compressive strength, flexural strength,
splitting strength, modulus of elasticity, permeability and density were measured as
hardened concrete properties. results of the experimental work show that retempered
Concrete Properties were enhanced comparing with non retempered mixes. Retempering
procedure is recommended instead of wasting bulk concrete



Acknowledgments

First and above of all, I have to thank Allah for this great chance I
have right now. I thank Allah for providing me with the opportunity to
meet such helpful and wonderful people those who helped me from the
start of this thesis. All praises to Allah for giving me knowledge,
strength, support and patience to present this work.

I would like to express my deepest sense of gratitude to my
respectable supervisor; Prof. Dr. Hamed Hadhoud; who offered me
the honor to be one of his students. I thank him for his continuous
advice and encouragement throughout the course of this thesis. I also
thank him for the guidance, caring, patience, and great effort to
provide me with an excellent atmosphere for doing this research.

I would like to thank my supervisor; Dr. Ghada Diaa; for her
understanding, patience, support and extreme care about the work
efficiency. She gave me a lot of experience about Nanotechnology.
She spends very much time instructing me how to collect data and
how to write my thesis, as well as providing useful suggestions about
the experimental program. I have been lucky to get the opportunity to
work under her supervision.

I would also like to express my deep thanks to my Family; who were
always inspiring me with their support, love and patience, cheering me
up and stood by me through the good and bad times.

I would like to thank my dear friends Salma Ehab and Passant Ahmed
for their support and help to complete my thesis.

I would like to thank my close friends. They are all my true treasure in
my life starting of my childhood right now.

Finally, I would like to thank the at Building Materials and Quality
Control Institute, Housing and Building National Research Centre for
providing me with the facilities and workman power to implement the
research experimental plan.



Dedication

1o my Mother & Father,
The reason of what I become today,
Thank you for your love, support and care.

1o my brother and sisters,
I am really grateful to all of you,
you have been my inspiration and my soul mates.

1o my family,
All the love and respect to you for your support.



Table of Contents

ACKNOWLEDGMENTS e I
DEDICATION e II
TABLE OF CONTENTS e I
LISTOF TABLES e XII
LIST OF FIGURES e XIvV
ABSTRACT XXVIII
CHAPTER 1 : INTRODUCTION e 1
I-1 GENERAL e 1
1-2 MOTIVATION e 2
1-3 OBJECTIVES e 2
1-4 SCOPE OF WORK e 3
1-5 THESIS LAYOUT e 3
1-5-1 Chapter 1: Introduction . 3
1-5-2 Chapter 2: Literature Review ... 3
1-5-3 Chapter 3: Experimental Program ... 4
1-5-4 Chapter 4: Results and Discussion ... 4
1-5-5 Chapter 5: Summary, Conclusion and Recommendation .............. 4
CHAPTER 2 : LITERATURE REVIEW e 4
2.1 INTRODUCTION e 4
2.2 FIBER REINFORCED CONCRETE 5
2.2.1 General 5
2.2.2 Mechanical Properties of Fiber Reinforced Concrete —................ 5
2.2.3 Applications of Fiber reinforced Concrete =~ ................ 8
2.3 EFFECT OF RETEMPERING ON MECHANICAL PROPERTIES
OF CONCRETE . 12
2.4 EFFECT OF USING CHEMICAL AND MINERAL
ADMIXTURES ON PROPERTIES OF CONCRETE........................ 20
CHAPTER 3 : EXPERIMENTAL PROGRAM ..., 22
3-1 GENERAL e 22



3-2 CHARACTERISTICS OF THE USED MATERIALS......ccccovviiiiieenee.
3-2-1 Cement 22
3-2-2 Coarse Aggregate e 23
3-2-3 Fine Aggregate L. 24
3-2-4 Water 25
3-2-5 Chemical Admixtures .. 26
3-2-6 Mineral Admixtures .. 27
3-2-7 Steel fiber 28
§8-2-3 polypropylene 29

3-3 PROGRAM OF RESEARCH WORK ..,
3-3-1 Mix Proportions 30
3-3-2 Mixing and Preparation of the Test Specimens ~ .............. 33

3-4 PROCEDURES OF TESTS e
3-4-1 Fresh Concrete Tests ... 34
3-4-1-1 Slump and Slump Loss Test: ... 35
3-4-1-2 Temperature of freshly concrete: ... 35
3-4-1-3 Setting Time test: . 36
3-4-2 Hardened Concrete Test ... 37
3-4-2-1 Compressive Strength Test: ... 37
3-4-2-2 Density of concrete . 37
3-4-2-3 Flexural Strength Test: ... 38
3-4-2-4 Splitting strength test . 39
3-4-2-5 Modulus of elasticity (young's modulus) ... 39
3-4-2-6 Permeability Test: . 40

CHAPTER 4: TEST RESULTS AND DISCUSSION .....cccccciiiiiiniiiiiicnee.
4.1 GENERAL
4.2 FRESH CONCRETE PROPERTIES

4.2.1 Test Results of Concrete Mixes Incorporating Hooked End Steel

Fiber 30om 44

4.1.1.1 Properties of FRC incorporating Type G (Water Reducing

High Range and Retarding Admixture) ... 45
4.1.1.1.1 Slump and Slump loss —..........ccccccooveviviiiiin. 45
4.1.1.1.2 Setting Time e 46

4.1.1.2 Properties of FRC incorporating Type D (Water Reducing
and Retarding Admixture)
4.1.1.2.1 Slump and Slump loss —.........ccccccoovvviiiiiiii. 46

iv



4.1.1.2.2 Setting Time e 48
4.1.1.3 Properties of FRC incorporating Type F (High Water

Reducing High Range) .. 48
4.1.1.3.1 Slump and Slump [0SS — ......ccccvvveeeeiiieeeiieeee, 48
4.1.1.3.2 Setting Time e 49

4.1.14 Properties of FRC incorporating Silica Fume + Type G..... 49
4.1.14.1 Slump and Slump loss —..........cccccooeeviviiiini. 49
4.1.14.2 Setting Time 50

4.1.1.5 Comparison between different admixture types Incorporating

Hooked End Steel Fiber 30pom . 51
4.1.1.5.1 Hooked end steel fiber (30mm) of volume 2% ....... 51
4.1.1.5.2 Hooked end steel fiber (30mm) of ratio 1%........... 53

4.2.2 Test Results of Concrete Mixes Incorporating Hooked End Steel

Fiber S0O0om 56

4221 Properties of FRC incorporating Type G (Water Reducing

High Range and Retarding Admixture) ... 56
4.22.1.1 Slump and Slump loss —..........cccccooiiviviiiii. 56
42212 Setting Time e 57

4222 Properties of FRC incorporating Type D (Water Reducing

and Retarding Admixturey . 57
42221 Slump and Slump loss — .........ccccccooveviviiiii. 57
42222 Setting Time 57

4223 Properties of FRC incorporating Silica Fume + Type G..... 58
4.2.2.3.1 Slump and Slump loss —..........cccccooiiviviiiiii. 58
4.2.2.32 Setting Time 58

4224 Comparison between different admixture types Incorporating

Hooked End Steel Fiber 5§00 . 58

4.2.3 Test Results of Concrete Mixes Incorporating Polypropylene.....61
4231 Properties of FRC incorporating Type G (Water Reducing

High Range and Retarding Admixture) ... 61
4.2.3.1.1 Slump and Slump [0SS — ......oooevevieeieiiiiiieeieeeeen, 61
4.2.3.1.2 Setting Time e 62

4232 Properties of FRC incorporating Type D (Water Reducing

and Retarding Admixturey . 62
4.2.3.2.1 Slump and Slump [0SS — .......ooovvveveiiiiiiiieeieeeeen, 62
4.2.3.2.2 Setting Time 63



4233 Properties of FRC incorporating Type F (High Water

Reducing High Range) . 63
4.2.3.3.1 Slump and Slump loss — .........ccccccooveviviiiii. 63
4.2.3.3.2 Setting Time 63

4234 Properties of FRC incorporating Silica Fume + Type G..... 64
4.2.3.4.1 Slump and Slump loss —..........cccccooieviiiiiiiii. 64
4.2.3.4.2 Setting Time 64

4235 Comparison between different admixture types Incorporating

polypropylene 65

4.2.4 Comparison between different fiber types (30mm, 50mm and

polypropylene) 67

4.24.1 Initial Setting Time .. 67
4.24.1.1 Mixes incorporating with Type G ............ccceeuuune... 67
4.24.1.2 Mixes incorporating with Type D ...............c........... 69
4.2.4.1.3 Mixes incorporating with Type F ............cccccuun.... 70
4.2.4.14 Mixes incorporating with Silica fume + Type G.... 71

4242 Final Setting Time .. 72
4.24.2.1 Mixes incorporating with Type G ............cccecuvune... 72
4.2.4.2.2 Mixes incorporating with Type D ...............c........... 74
4.2.4.2.3 Mixes incorporating with Type F ............cccccuun.... 75

4.2.4.2.4 Mixes incorporating with Silica fume + Type G.... 76

4.3 TEST RESULTS OF HARDENED CONCRETE ...

4.3.1 Test Results of Concrete Mixes Incorporating Hooked End Steel

Fiber 30om 81
43.1.1 Properties of FRC incorporating Type G (Water reducing
high range and retarding admixture) .. 81
4.3.1.1.1 Compressive Strength —.........cccccceeeeeeececcnineeennnnnn. 81
4.3.1.1.2 Density e 82
4.3.1.1.3 Flexural Strength — ......ccoooviiiiieeeeee, 83
4.3.1.14 Splitting Strength ..o 84
4.3.1.1.5 Modulus of ELasticity — ........ccccoeeevvieeeieiiieieennn, 86
4.3.1.1.6 Permeability e 86
43.1.2 Properties of FRC incorporating Type D (Water reducing and
retarding admixturey 86
4.3.1.2.1 Compressive Strength —........ccccccceeveeeeccccviveeennnnnn. 86
4.3.1.2.2 Density e 87
4.3.1.2.3 Flexural Strength — ......cccoooiiiiiieeieeee, 88

Vi



4.3.1.2.4 Splitting Strength ..o 89

4.3.1.2.5 Modulus of elasticity — .....ccccceeevveeeeeecriieeeecnnnnn. 91
4.3.1.2.6 Permeability e 91
43.1.3 Properties of FRC incorporating Type F (High water reducing
highrangey . 91
4.3.1.3.1 Compressive Strength —............cccceevvveiiiiiieneannn. 91
4.3.1.3.2 Density e, 92
4.3.1.3.3 Flexural Strength — ......cccooiiiiiiiieeeeeee, 93
4.3.1.3.4 Splitting Strength ..o 94
4.3.1.3.5 Modulus of ELasticity — ........cccooeeevviineieiiiieieann, 96
4.3.1.3.6 Permeability e 96
43.14 Properties of FRC incorporating Silica fume + Type G ..... 96
4.3.14.1 Compressive Strength — ............ccccceevvveiiiieieneannnn. 96
4.3.14.2 Density e 97
4.3.1.4.3 Flexural Strength — ......ccoooiiiiiiieeieeee, 98
4.3.1.44 Splitting Strength ..o 99
4.3.1.4.5 Modulus of ELasticity — ........cccceeveecvvieeeiiiieeeen, 101
4.3.1.4.6 Permeability 101
43.1.5 Comparison between different admixture types Incorporating
with Hooked End Steel Fiber 30mm .. 101
4.3.1.5.1 Compressive Strength —...........ccccceevcveieeeeeenennn. 101
4.3.1.5.2 Density e 103
4.3.1.5.3 Flexural Strength ~— ..c..ooooiiieieeeeeee e 106
4.3.1.5.4 Splitting Strength ... 108
4.3.1.5.5 Modulus of elasticity — ........ccccceevevvvveeeeiiiineean, 110
4.3.1.5.6 Permeability . 112
4.3.2 Test Results of Concrete Mixes Incorporating Hooked end steel
fiber SO0 m} . 114
43.2.1 Properties of FRC incorporating Type G (Water reducing
high range and retarding admixture) .. 114
4.3.2.1.1 Compressive Strength — ............cccceevcvviiieeeienannn. 114
4.3.2.1.2 Density e 115
4.3.2.1.3 Flexural Strength ..o, 115
4.3.2.14 Splitting Strength ..o 116
4.3.2.1.5 Modulus of elasticity — ........cccceevevvvvieeeiiiieeean. 116
4.3.2.1.6 Permeability 116

vii



43.2.2 Properties of FRC incorporating Type D (Water reducing and

retarding admixture) 117
4.3.2.2.1 Compressive Strength — ............ccccccevcvviiieeeienannn. 117
4.3.2.22 Density e, 117
4.3.2.2.3 Flexural Strength — .....cooooiiiieieeeeeie e, 118
4.3.2.2.4 Splitting Strength ... 119
4.3.2.2.5 Modulus of elasticity — ........ccccceevevcvvveeeiiiieeean. 119
4.3.2.2.6 Permeability . 119

4323 Properties of FRC incorporating Silica fume + Type G ... 120
4.3.2.3.1 Compressive Strength — ............cccccevcvviiieeeienannnn. 120
4.3.2.3.2 Density e 120
4.3.2.3.3 Flexural Strength ..o, 121
4.3.2.3.4 Splitting Strength ... 122
4.3.2.3.5 Modulus of ELasticity — ........ccccceeeevvvveeeiiiieeean, 122
4.3.2.3.6 Permeability . 122

4324 Comparison between different admixture types Incorporating

with Hooked End Steel Fiber S0mm w122
4.3.2.4.1 Compressive Strength — ...........cccccevvccveiieeeeenennn. 123
4.3.2.4.2 Density e 124
4.3.2.4.3 Flexural Strength ..o, 125
4.3.2.44 Splitting Strength ... 126
4.3.2.4.5 Modulus of ELaSticity — ......cocveeevcveeeeeiieeeeeennen, 128
4.3.2.4.6 Permeability . 129

4.3.3 Test Results of Concrete Mixes Incorporating polypropylene...130
433.1 Properties of FRC incorporating Type G (Water reducing

high range and retarding admixture) .. 130
4.3.3.1.1 Compressive Strength — ............ccccccevcvviiieeeienannn. 130
4.3.3.1.2 Density e 130
4.3.3.1.3 Flexural Strength ~— ..c..ooooiiieieeeeeee e 131
4.3.3.1.4 Splitting Strength ... 131
4.3.3.1.5 Modulus of ELasticity — ........ccccceeeevvvveeeiiiieeeen, 132
4.3.3.1.6 Permeability . 132

4332 Properties of FRC incorporating Type D (Water reducing and

retarding admixture) .. 132
4.3.3.2.1 Compressive Strength — ............cccceevcvviiieeeienannn. 133
4.3.3.2.2 Density e 133
4.3.3.2.3 Flexural Strength ..o, 134

viii



4.3.3.2.4 Splitting Strength ... 134

4.3.3.2.5 Modulus of ELasticity — ........ccccceeeevvvveeeiiiieeean, 135
4.3.3.2.6 Permeability . 135
4333 Properties of FRC incorporating Type F (High water reducing
high range) .. 135
4.3.3.3.1 Compressive Strength —..........ccccoceeeeeeeeeecnenannn. 135
4.3.3.3.2 Density e 136
4.3.3.3.3 Flexural Strength — ..c..ooooiieiieeeeee e, 136
4.3.3.3.4 Splitting Strength ... 137
4.3.3.3.5 Modulus of ELaSticity — ......cocveeevcveeeeeiieeeeeennen, 137
4.3.3.3.6 Permeability . 137
4334 Properties of FRC incorporating Silica fume + Type G ... 137
4.3.3.4.1 Compressive Strength —..........ccccoceeeeeeeeeecnennnnn. 138
4.3.3.4.2 Density e 138
4.3.3.4.3 Flexural Strength — .....cooooiiiieieeeeeie e, 139
4.3.3.44 Splitting Strength ... 139
4.3.3.4.5 Modulus of ELaSticity — ......ccceeeevvveeeeeiieeeeeennen, 140
4.3.3.4.6 Permeability 140
4335 Comparison between different admixture types Incorporating
with Hooked End Steel Fiber 50mm ... 140
4.3.3.5.1 Compressive Strength —...........ccccceevcveieeeeeenennn. 140
4.3.3.5.2 Density e 142
4.3.3.5.3 Flexural Strength ~— ..c..ooooiiieieeeeeee e 143
4.3.3.5.4 Splitting Strength ... 144
4.3.3.5.5 Modulus of ELasticity — ........ccccceeeevvvieeeiiiieeean. 145
4.3.3.5.6 Permeability . 146
4.3.4 Comparison between different fiber types (30mm, 50mm,
polypropylene) .. 147
434.1 Compressive strength .. 147
4.34.1.1 Mixes incorporating with Type G ...........ccccuuuene... 147
4.34.1.2 Mixes incorporating with Type D ......................... 148
4.3.4.1.3 Mixes incorporating with Type F ...........cccccuuuu.... 149
4.3.4.14 Mixes incorporating with Silica-Fume +Type G ..151
4.34.2 Density .. 152
4.3.4.2.1 Mixes incorporating with Type G ...........ccccuuuene... 152
4.3.4.2.2 Mixes incorporating with Type D ......................... 153
4.3.4.2.3 Mixes incorporating with Type F ............ccccuuen.... 154



4.3.4.2.4 Mixes incorporating with Type F ...........cccccuuen.... 155

4343 Flexural strength .. 157
4.3.4.3.1 Mixes incorporating with Type G ...........ccccuuuen.... 157
4.3.4.3.2 Mixes incorporating with Type D ......................... 158
4.3.4.3.3 Mixes incorporating with Type F ...........cccccuuuu.... 159
4.3.4.3.4 Mixes incorporating with Silica Fume + Type G..160

4344 Splitting strength .. 162
4.3.4.4.1 Mixes incorporating with Type G ..........cccccuuuene... 162
4.3.4.4.2 Mixes incorporating with Type D ......................... 163
4.3.4.4.3 Mixes incorporating with Type F ...........ccccuuun.... 164
4.3.4.4.4 Mixes incorporating with Silica Fume + Type G..165

434.5 Modulus of Elasticity ... 166
4.3.4.5.1 Mixes incorporating with Type G ..........cccccuuenn... 166
4.3.4.5.2 Mixes incorporating with Type D ......................... 167
4.3.4.5.3 Mixes incorporating with Type F ...........cccccuuuu.... 168
4.3.4.54 Mixes incorporating with Silica Fume + Type G..170

4.3.4.6 Permeability . 171
4.3.4.6.1 Mixes incorporating with Type G ...........ccccuuuene... 171
4.3.4.6.2 Mixes incorporating with Type D ......................... 172
4.3.4.6.3 Mixes incorporating with Type F ...........cccccuun.... 173

4.3.4.6.4 Mixes incorporating with Silica Fume + Type G..174
4.4 COMPARISON BETWEEN RETEMPERING OF FRC AND NORMAL

CONCRETE .. ittt ittt ettt ettt et e e et e et e eeetenenetnsaensasnansasnssnansnne
4.4.1 Compressive strength .. 178
4.4.1.1 Mixes incorporating with Type G .. 178
4.4.1.2 Mixes incorporating with Type D .. 179
442 Density 179
4.42.1 Mixes incorporating with Type G ... 180
4.42.2 Mixes incorporating with Type D ... 180
4.43 Flexural strength ... 181
4431 Mixes incorporating with Type G .. 181
4432 Mixes incorporating with Type D .. 182
444 Setting Time .. 182
4441 Mixes incorporating with Type G .. 182
4.44.2 Mixes incorporating with Type D .. 183

CHAPTER 5: SUMMARY AND CONCLUSION .....cccccoiiiiiniiiiiieciieee
5.1 SUMMARY e



5.2 CONCLUSION e e
5.2.1 Conclusion of the results for the experimental work  ............ 186
5.2.1.1 Hooked end steel fiber (30mm) 2% mixes ... 186
5.2.1.2 Hooked end steel fiber (30mm) 1% mixes .. 187
52.13 Hooked end steel fiber (S0mm) 2% mixes ... 188
52.14 Polypropylene mixes ... 189
5.2.2 Comparison between FRC mixtures and NC mixtures ............ 190

53 RECOMMENDATIONS FOR FUTURE WORKS
............... 192
REFERENCES

Xi



