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ABSTRACT

This study aims to improve sand concrete's physical and mechanical properties using sisal and
latex fibers to be used as repair material. Sisal fibers were used at four different ratios of the dry
weight of the mixture 0.05%, 0.10%, 0.15% and 0.20%, While liquid latex was replaced by the
weight of mixing water in three proportions of 15%, 25% and 35%. In this context, ideal
proportions of sisal fibers (0.1% F) and latex (35% L) were combined in a single cement matrix to
be used as a repair material. Workability, density, compressive strength, flexural strength,
ultrasonic pulse velocity, modulus of elasticity, porosity, water absorption and shrinkage were
performed for each sample. In addition, the interface bond strength and the type of failure mode
will be examined between sand concrete (LMSC) as a repair material and the normal concrete
substrate (NC) utilizing four different surfaces, without surface preparation (SR), hand hammer
(HA), sandblasted (SB), and grooved (GR). The bond strength was measured by bi-surface shear,
splitting tensile, pull-off strength tests and, Scanning Electron Microscopy (SEM) analysis was
also performed to study the microstructure. The results of this study indicate that adding sisal fibers
and latex to sand concrete improved most of the physical and mechanical properties of sand
concrete, especially for repair. However, the adhesion strength between sand concrete (LMSC) as
a repair material and normal concrete (NC) as a substrate was good, especially when treated to
increase roughness. Therefore, latex-modified sand concrete reinforced with sisal fibers has the

potential to repair and rehabilitate concrete structures.

Keywords: sand concrete, sisal fibres, latex, microstructure, bond strength, repair material.



RESUME

Cette étude vise a améliorer les propriétés physiques et mécaniques du béton sableux en utilisant
des fibres de sisal et de latex pour étre utilisé comme un matériau de réparation. Les fibres de sisal
ont été utilisées dans quatre proportions différentes du poids sec du mélange : 0,05%, 0,10%,
0,15% et 0,20%, tandis que le latex liquide a été remplacé par le poids de I'eau de gachage dans
trois proportions : 15%, 25% et 35%. Dans ce contexte, les proportions idéales de fibres de sisal
(0,1% F) et de latex (35% L) ont été combinées dans une seule matrice de ciment pour étre utilisées
comme matériau de réparation. La maniabilité, la densité, la résistance a la compression, la
résistance a la flexion, la vitesse d'impulsion ultrasonique, le module d'élasticité, la porosité
accessible a I'eau, l'absorption d'eau et le rétrécissement ont été réalisés pour chaque échantillon.
En outre, la force d'adhérence de I'interface et le type de mode de défaillance seront examinés entre
le béton de sable (LMSC) comme matériau de réparation et le substrat de béton normal (NC) en
utilisant quatre surfaces différentes, sans préparation de surface (SR), martelée a la main (HA),
sablée (SB) et rainurée (GR). La force d'adhérence a été mesurée par des essais de cisaillement bi-
surface, de traction par fendage et de résistance a l'arrachement. Une analyse par microscopie
¢lectronique a balayage (MEB) a également été réalisée pour étudier la microstructure. Les
résultats de cette étude indiquent que I'ajout de fibres de sisal et de latex au béton de sable a
amelioré la plupart des propriétés physiques et mécaniques du béton de sable, en particulier pour
la réparation. Cependant, la force d'adhérence entre le béton de sable (LMSC) comme matériau de
réparation et le béton normal (NC) comme substrat ¢tait bien, surtout lorsqu'il était traité pour
augmenter la rugosité. Par conséquent, le béton de sable modifié par le latex et renforcé par des

fibres de sisal a le potentiel pour réparer et réhabiliter les structures en béton.

Mots clés: béton de sable, fibres de sisal, latex, microstructure, force d'adhérence, matériau de

réparation.



OSBU g I ) LT alasily dale 1) Al Al LSl Saall 5 Al udll Gl A1) Cpad ) A jall 238 Caags
¢ 7.0.10 ¢ 70.05 Baall Calall 551 e diliie st a5k J) Sanadl Gl alasiind o5 =~ Sla] o) geS Lgaladiny
Sl 138 3 735 5725 ¢ 215 o &30 Jaladl el ) g sl e85 Jlasin) o3 ey ¢ 70,20 5 %0.15
Lty Banl s Aian 4 shan (3 (35% L) 0S5 5 (0.1% F) I sl Gl 0 Al ansill s 5 ¢
358 o sally (anil) A jug ¢ sliad¥I B85 ¢ JaleaiVl 5 85 ¢ A8ES) 5 ¢« Jirdill AL ¢l ja) &3~ Sla) o s
Aie J9 SV 5 slall paliatial 5 ¢ eldl Lall Jsea sl (Sa) A Apalisall 5 ¢ Q05 all Jalra s ¢ 435 seall
z3bal 2l 5aS (LMSC) Axke Il Al yall G Jlagd¥) pua s sagal sl 3ol )3 8 (aad al ¢ Gl ) A8l
¢ (HA) 4l 48 hadl ¢ (SR) dallae 05 ¢ dilisa mhaud day i pladiuly (NC) dpabadl dilu ol 558 )
cJbadi¥l ol Ll ¢ mladl AU Gadll sl 3 sk (e Adad Hl1 558 Wl &5 (GR) 2335 ¢ (SB) (e g
i S Ay peaall dgiall Al 5ol (SEM) (55550 (5 el zasall alai o) ja) i LaS ¢ il 5.8 Ll
ASSaall 5 Aty il ol sl adana it dla M) Al Al ) (aSE 5 ) ) LT ASL) o ) ) sl o2a
Al Al 5 = Sla) o) saS Ale Al A0 (o Blail¥) 5 8 8 ¢ Gld ey Dl Lals ¢ dgle )l Al HAl
OSESU Bala (e Adamaall dale 5l Gl sadl o8 ¢ GlIA &S daldl 500 3 Lgdadlas die duala ¢ bua CailS 5 S S dalall

Al Al JSLdl Jalisale) 5 7Sl o 5 08l Leaad I el Caldly 4 seadll

a3l ga cddag) N5 58 Ay peaall Al ¢ SN ¢ Sandl Calall (Al 5l ol a1 s dpeani ) Cilalst)



ACKNOWLEDGEMENTS

Firstly, I thank great Allah for giving me the intention and patience to complete this
work. Secondly, I wish to express my deep gratitude to my parents and brethren for

their unlimited support and encouragement.

I would like to express my sincere gratitude to my supervisors, Dr. Karima Gadri and
Pr. Abdelhamid Guettala for their valuable guidance and concerns throughout this
work. I want to thank Pr. Rachid Chebili , Pr. Leila Zegichi, from the University of
Biskra and Pr. Larbi Belagraa from the University of M'sila for their interest in this

work by accepting to be examiners and jury members.

I wish to express my sincere gratitude to my colleagues and friends for helping me with
my laboratory work at the University of Biskra.
I want to express my gratitude to the whole faculty and staff of the University of Biskra
for their help and support throughout this time.

Finally, I would like to express my gratitude to everyone who has contributed directly

or indirectly to accomplishing this work.



Table of Contents

ABSTRACT.........

ACKNOWLEDGES c s v s s e e e e s

Table of Contents...
List of Figures.......
List of Tables........

Eist o ABBIrevIations: s o sessos ses sav sy a5 s s sss s rn s

GENERAL INTRODUCTION. ...t et v e

General Background......... ..o e

Problem Statement.

L 0] [Tt A

Layout of the thesis

[.1 Introduction

| T 11 U o103 T (<R
B R - a1 T T T
| A & T 10 TP
2.3 Sand concrete COMPOMEITS. iciiaiisiivasssrssronsvssssssaivsrissrssresrssossssas
700 T T ¥ T
L2300 EOBINE oo vaon o s s Sos s Sb 450 8 B R R B A T S S S R
|2 T B - 1 < S
L2300 AABMIVER cvaonwnnnsmmmimme i s s o e s e s
12,4 Characteristics of sand CONCIELE ... ..c.iviiniivainernerssiosseissssiorecsessnes
L2441 WorkaBUY, comsimimmissnssnsmmsmmensmieenes e ey
1.2.4.2 Compressive SIEngth.. . coiiiiiiiis s snssissaisssimissssasshsss
1.2.4.3 Flexural tensile SRRghh. .o evmmmmmmassssss sssisss
L2442 Shnnlefe . o v v s s RS E sk a bRk ks
[.2.4.5 Durabilify......oovviniiiii it e e
[.2.5 Methods of formulation of sand concrete .............ccovviveiiiiiininnn...
[.2.6 Uses of sand concretes N TePail. .. ..o.veuueinieireirteeetireieareerneeaneenns
13 Concrete Malerisls proBIens .o ammimms s s s
[.4 Concrete repair MEChANISIN. .. ..uuiti ittt ittt ettt iieetee e eeee e e eeeaneaanaens
15 Stanidard Contert for ropair o i s TS
1.6 Characteristics of repair materialS............ooeviiiiiiiii i iieeeeaans
1.7 Adhesion factors between repair material and substrate.........................oee.
L.7.1  Substrate roUghNess........cccooviiiiiieiieiieieii e
1.7.2  Application of Bonding Agent............cooviviiiiiiiiiiiiiiiiiiiieeeennn,

1.8 Bonding and adhesion test methods . e
1.9  Some studies on the bonding between concrete substrate and repair materlals

[.10 Conclusions

v

vii

X1l

Lo Lo W 2

NOND OO0 1 1Ny Dy



1.1
1.2

1.3

11.4
IL.5

1.6

11.7

1.8

CHAPTER II. EXPERMANTAL PROGRAM

|15 Ta 11 (st o) s PR USSR

Characteristics of the tateTTalS USE . vivvimmimminmss s 58 ssvamiuiassiassiassiassmas s
I.2.1 S A e SR T

11.2.2 GraVE L. e
11.2.3 B e i O T e e R R T R AR AR s
11.2.4 @015 (< 1 |
.25 Sopetplaslicirer. s G i i s e s
11.2.6 N T . et e ———
11.2.7 T T T T
| R T O 1 o) =S
Formulation of the studies CONCIeteS. .....ovvuuuree e e

IL3.1 Normal CONCIELE .....o.vviieiriiiiiie ittt
3.2 Band GOHIRlE s s S s
Mixing and Curing of CONCTELE. . .......ivuriiriiitiiit ittt ee e,
Experimental test procedures of concrete...........ooovviiiiiiiiiiiiiiiiiiiieiian.n.
ILS.T Workability ...ooviinii i e e
H.52 Dy deiiBitl conssinmimv it sse s sy s oo s s s o s b s s
I1.5.3 Compressive Strength. .. .....covviiiiiiiiiie e
H.54 Flesural stenghhi. ooisisiiisinismaiiinsivssisivsivss s
I1.5.5 Ultrasonic Pulse VeloCity......ccovviiiiiiiiiiii e
IL.5.6 Dynamic fiiodubis 6F ClagtiCity. ..covismsmisveisuimsmsisis i
I1.5.7 Water accessible POrOSItY........ivuiiriiiirieniiiiiiee e e see e
TE08 AT O O BT wcuusvrumurissnnsnmoasmseisonsssosswies s s st sabessbissabisidsosa e s
TS SOTIBRAEE i e sin s i s s s s s e BT oA o oS3
L0 MicrosirucINe GHALTRIE. o vou s swessenssnssmemmniassnsmimme s s

Repair techtiiques anid proeediife. ... .. cosiisiisaisaiihsssshishhss Savsiivisvaiir dosaosdois
I1.6.1 Preparation of substrate SUrfaces..............ooovvviiiiiiiiiinieiienninnnenn.
IL6.2 Application of the Tepair o
[1.6.3 Curing of COMPOSIES.....uiiviirieiiiariaieiiane it eeieeieeneeseareesreesrae s s

Adhiesion (ests ol COMPORIER o s
I1.7.1 Bi-surface shear test.........coovviiiiiiiiiii i,
72 SplithiheensilRiest v s R e
IL7.3  Pull-Off teSt. . envini ittt et
11.7.4 Microstructure of the NC-LMSC interface transition zone.....................

L0071 1110 PP

CHAPTER III:RESULTS AND DISCUSSIONS OF THE PROPERTIES OF SAND

1I.1
1.2

1.3

CONCRETE

IRESAUBTION, covuviovsovivisrini s s s s R
Effect of sand mixture and proportion of the filler on the properties of sand
concrete to determine the reference sand concrete (SC).......o.oovvvvvviiiiiniiinnnn,
I1I.2.1  Determination of the sand MIXtUTE ..........ccoviiiiriiiiiine i
[11.2.2  Determination the proportion of the filler (Limestone).....................
Influence of the incorporation of sisal fibres on physical and mechanical
propertien of Sand ConBete (B cmmmmmsssos s sons vanmmmesssaass v
HL3.T  Workability ..o e e e e

49
49
49
49
51
51
52
52
52
52
54
54
55
59
60
60
61
61
61
62
63
63
64
65
66
66
66
69
70
70
70
il
72
73
73

T

T
75
17

79
79



11.3.2

TS CRERBTER s oo s U A A S R S AR S ST G

133 CompressivedTensth .o miniiaiiaishhsshsshishhss S
34 Fleoual 8eeigth oo ss s
12,5 Ulirasonic Pulse Velocity (UPV ).susususuinmnmnmsisesiasassiie
HL2.6. Dymaniie miotulusof Blastieii...covmwmwmmmssssasssssassassasssi
II1.2.7 Water accessible porosity and Water absorption...............c.ccovvenenen
II.2.8  Shrinkage test........ouiiiii e
I11.4  Effect of latex addition on the physical and mechanical properties of sand concrete
(S ) ettt ettt e e
Al  WVOHEBIIY o R RS T
|0 S D e 1 0 | T UTTRRT
143 Compreitive SEentth v s s
[I1.4.4  Flexural strength ........ccooiiiiiiiiiiiii it e e e
HEA-S PN o s s s s s s s ons s easonssvresin
[11.4.6  Dynamic modulus of elastiCity .........coevviiiieiiiiiiiiiiiiiieiiieneinennes
111.4.7  Water accessible porosity and Water absorption ...............cceveeviennns
I1.4.8  Shrinkage test. .. ..ottt et e eeeaeees
II.5  Study of the properties of the repair material (0.1% F + 35% L) and substrate (NC)..
IL.5.1  Compressive Stren@th .......ooiiiiiiiiiiiiie i
152 FPlesural BHeAEN v mmmrs s i i S RS STa s
HIL5.3 U PV e e
I11.5.4 Dynamic modulus of elasticity .........ccoooviiiiiiiiiiiiiiiiii i,
I1I.5.5 Water accessible porosity and Water absorption ...............ccceeveveeeneen
IS0 BhrinRaTBRBEE oo s s Ao R0 o0 TA s S S S SR Sis S B B R R s
L6 MicroStructure analySis .........ouieoeeiei ittt ettt ee e e e e e eaeene e nes
TL7  COBIRION o vnamvmmim s i b s o Vo i IS SO RS S R AR

CHAPTER IV: EFFECTIVENESS OF BOND STRENGTH BETWEEN

SAND CONCRETE AND NORMAL CONCRETE

| NV SR 6515 Yo 1 (15 o) FAUu OO
IV.2 Bi-surlace shear strength ... oo iimmmsmsss bbbt
V.3 Splittinig TENRTIE SEFETIIEIE .. covmmnwmmemmemme sy s
V4 Polloll bond SHesitth. ..o cninnininesmmm s s a ik assass e
IV.5 Microstructure of the interface between NC and LMSC......oooviivviiiiiiinnnnn,
IV:D  ConCUSION s T T T T T T T s
GENE RA L CON CLUSION . ot e e ettt eerareeas
PERSPECTINVES ..cocovmmnminmsses e s v v v s s s s s s e e s s
REFE REN CE S . oo e e e ettt ettt eeeeans

vii

80
81
81
82
83
84
85

87
87
88
88
89
90
91
92
93
95

95
96
97
97
98
99
101
103

106
107
112
116
120
122

124
127
128



List of Figures

Il
1.2

1.3
1.4
L5
L6

L7
L8
L9

L.10
L11
L12
L.13

1.14
1.15

L.16
1.17
I.18
1.19

1L.20
1.21
1.22
1.23
1.24
1.25

1.26
127
1.28

1.29
1.30
1.31

CHAPTER I: LITERATURE REVIEW

The Lighthouse 0 E POt Bald. ...coviviiimimnmsnasssssumss sassasmanmss ssismisaiasassisine
Evolution in workability of dune (a) and river dune (b) sands vs. filler

131 Tl {2 1 [ 150 LRSI R
Influence of filler concentration on 28-day compressive strengths .................
Cracking in concrete without and with fibres ............ccooviiiiiiiiiiiiiiin.
Load-deformation behaviour of concrete with fibres and without fibres...........
Evolution of the flexural strength at 28 and 90 days according to the proportion
ab sl D8 oo i A
Effect of Polymer Type and curing conditions on flexural strength ................
Shrinkage of sand concrete mix F1 at different w/c ratios..................cooevvenne
Effect of the w/c ratio on the developed shrinkage strain after 28 days for mix
B R A R R T T T e S
Shrinkage of sand concrete mix F2 at different w/c ratios................oovviinnenne
Shrinkage of sand concrete mix F3 at different w/c ratios...............coeviinnnnn
Evolution of drying shrinkage according to time for different wood contents.......
Evolution of drying shrinkage according to time and type of treatment for SW-
60-W00d SANA COMETELE. ...\ttt ittt e ettt e e e e e ee e
Water porosity TesllR s e S R S s R
Intrinsic permeability of mortar specimens under prolonged water curing..........

Nature and origins of defects found in concrete structures.................oeevenennn.
Degradation of reinforced CoNGrete COVET ... v s
Three-phase rePaIr SYSIEIML . ...uu ittt ittt ittt e et ettt e et eteeeeeneeaneens
Relative increase in slant shear bond strength for the different types of substrate
SUITACE. . .o e ettt e e
Model of CSP surface profilesi....vvvmsmmmmmmnnsimisssssssssrsersessvie
Mechanism for conducting a sand patch test...........cooevvviiiiiiiiiiiiiiieiieine
Laser technique to measure the substrate's roughness ..................ccociiiinnne.
Various test methods for assessing interface bond strength .................cceevenne.
Types of Tests and Dimensions of tested Specimens.................ccoovvviiiinnnn..
Measure bond strength by different methods: (a) low roughness and (b) high
BRIV om0 110 A R A A G S A S B A R A R
Failure modes in Direct Tensile (DT), LCB, and Slant Shear (SS) tests..............
Schematic’ 6f TR NOAEE. .. oo v sy E AR N s
(a) Failure mode D; (b) average slant shear strength for the different types of
sibstrte suecs ot TTSBILATEE .o v s s v s T v SR R s s oRs
SEM ofthe interfacial transition zone between UHPFC and NC ...............ccc.ec.e.
Average bond strength for each proup 6L IESHNE... oo
Relative increase in flexural tensile strength for the different types of substrate
SIMEREREAE, s vsoternnsis oo A S

viii

33
34
35
33
)
38

39
40
41

42
43
4

45



IL.1
1.2
113
11.4
ILS
116
IL.7
IL.8
11.9
1110
1111
11.12
11.13
11.14
1115
11.16
11.17
11.18

1L.19

11.20
11.21
11.22
11.23

111.1
111.2
111.3
111.4
1115
111.6
1.7
111.8

1119
111.10
11111

111.12

111.13
111.14
111.15
111.16

CHAPTER II: EXPERIMENTAL PROGRAM

(a) Crushed sand and (b) river sand..............coiviiiiiiiiiei i
Particle size distribution of two typesofsand..............ooooiiiiiiiiiiii i,
Limestone fller........oouiniii e
Different pictures about the study of sisal fibres.........ccoooevviviiiiiiiiiiinnn
Typical stress—strain curve forsisal fibre...............cooviiiiiiiiiiiiiii
NI TR BEIEE . vacovasvmssssssissas e oms 450 R i s s i S oS A S S S SRR SRR SRR RS
Apparatus for workability measurement ............ccovvveiiiiriiiiiiiiiiiieaiineanann
Test sample on a hydraulic press to determine the compressive strength............
Test sample on a hydraulic press to determine the flexural strength....................
UMY ARORIERBRIBE i inn o R A S A S N AR DS S R AN A
Methods of conducting for conducting Water accessible porosity....................
SHnEEge BEmBtINg covvsmimmssssasmanmmms AR AR B R
Scanning Electron Microscopy (SEM)....c.cciiiiiueiirieresssssssssssssssssesnsmsnsos
U AR DT IO oot o o R B B S A A A

Without surface preparation as reference (SR)..........cccviiiiviiiiiiovnessasans vaes
(a) surface of the substrate using a hand hammer (HA) and (b) hand hammer ...

Stages of obtaining a sandblasting surface (SB)............ccocoiiiiiiiiiiiiiiiiiiii,
(a) Surface of the obtained substrate and (b) method of obtaining the treated
BOLTHES UBING 4 SI0NE 100t o s S S S R R
(a) Substrate fixing molds for repair materials, and (b) apply repair materials to

CONBTELE SUBRIEHIER . .ioi i vvrsvsevsvimssa s sosa sy sm oy i s s s st e o i s
Storage of composite samples (NCand LMSC).......oovviiiiniiiiiiiiiiiieeen,
BT SEHOMERE s cunammmsmeamaan i i s i e s oS TR MBS
SPIHING tENSTIE TST. .. vttt vt ettt ettt et ere et b ere e e sra e s bt e sbe e s e erreebeesbaeas
POLISEEIBEE (i mmnmmmmnmiimmminsiomms s m s S e s Rs a8 G R AT ST TR ke

CHAPTER III: RESULTS AND DISCUSSIONS

Results of sand mixture determination tests...........coevviviieiiieaiiiiiiaeiiaeens
Results of proportion of the filler determination tests...........coooviiiiiiiiininnnn.
Workability of sand concrete with sisal fiber comparedto SC.........................
Dry density of sand concrete with sisal fiber compared to SC.................oeeve.
Compressive strength of sand concrete with sisal fiber compared to SC. .........
Flexural strength of sand concrete with sisal fiber compared to SC...................

UPV of sand concrete with sisal fiber comparedto SC............cccovviiiiininnnn.
Dynamic modulus of elasticity of sand concrete with sisal fiber compared to SC....

Water accessible porosity of sand concrete with sisal fiber compared to SC.........
Water absorption of sand concrete with sisal fiber compared to SC..................
Evolution of shrinkage according to time of sand concrete with sisal fiber
4] £ g s B e T W S SRR ———
Effect at 120 days- shrinkage of sand concrete with sisal fiber compared to

Workability of latex modified sand concrete compared to SC................ce.en..
Dry density of latex modified sand concrete compared to SC...............cvenene
Compressive strength of latex modified sand concrete compared to SC.............
Flexural strength of latex modified sand concrete compared to SC...................

iX

50
50
a1
53
54
60
60
61
62
63
64
65
66
66
67
67
68

69

69
70
71
71
72

76
78
80
80
81
82

83
84

85
85

86



111.17
111.18
111.19
111.20
111.21

111.22

111.23
111.24
111.25
111.26
111.27
111.28
111.29
111.30
111.31

UPV of latex modified sand concrete compared to SC............cocoiviiiiiniinnnnn. 91
Dynamic modulus of elasticity of latex modified sand concrete compared to SC.... 92
Water accessible porosity of latex modified sand concrete compared to SC......... 93
Water absorption of latex modified sand concrete compared to SC.................. 93
Evolution of shrinkage according to time of latex modified sand concrete
eomPArel 0 S0 i S e e S e RS Rk Rk 94
Effect at 120 days- shrinkage of latex modified sand concrete compared to

B s e 94
Compressive strength of repair material and substrate...................oocoevinnne. 95
Flexural strength of repair material and substrate...............c.cocoeeviiiiiiiiininnn. 96
UPV of repair material and substrate............o.oovvviiiiiiiiiiiiiiiiiiiiiieeieennen. 97
Ed of repair material and substrate......conuimaiinnsnsnsnsasasniniaiag 98
Water-accessible porosity of repair material and substrate............................ 99
Water absorption of repair material and substrate...................coovvviiiiiiinnn. 99
Evolution of shrinkage according to time repair material and substrate ............. 100
Effect at 120 days shrinkage of repair material and substrate......................... 100
SEM analysis of Samples........ooveiuiiniiiiiii i 102

CHAPTER IV: EFFECTIVENESS OF BOND STRENGTH BETWEEN SAND

Iv.1
Iv.2

Iv.3
IV4

IV.5
IV.6
IvV.7

CONCRETE AND NORMAL CONCRETE

Failure of bi- surface shear Specimens.............ooovviiiiiiiiiiiiiiiiii e, 110
Correlation between surface types and bi-surface shear strength, at different
e T TP 111
Failure of splitting tensile specimens...........cviiiiiiiiiiiii i 113
Correlation between surface types and splitting tensile strength, at different

AR o o R R R S R R R R R i S S s s o S SR AR S 114
Faihatesof pullsofiBet. . ..o oo e s inesnesss 117
Correlation between surface types and pull off strength, at different ages.......... 119
SEM of the interface zone between NC and LMSC: (a) SR; (b) GR; (c) SB; (d)

B i e S R T T 121



List of Tables

CHAPTER I: LITERATURE REVIEW

I.1 Chemical composition of Portland cement................coooiiiiiiiiiii i, 9
L2 Parsofsiandad NE BN L3M. ..o 29
1.3 Properiies of concrefe Tepair MAETIAIS. . ouiiiiiiivissssssnsss siservoisoissss so soesissss 29
I.4 Performance requirements for structural and non-structural repair products .... 31
1.5 Acceptable bond strength range for slant shear test according to ACI Concrete
REPaIr GUIC. ...ttt ettt ettt et e e e eeebre e e sbe e 42
1. 6 Presents a group of studies on the bond strength......................oooi il 46
CHAPTER 1I: EXPERIMENTAL PROGRAM
II. 1 Physical properties of crushed sand and river sand.............cccccecvvievicvccnenne. 50
II.2 Physical properties of hmestone filler.........ccociisiisiiiiismmmmmmsmasmasnsscoasess 51
II.3 Chemical compositions of limestone filler and cement........................ ... 51
IL4 Latexosed it Sy oo ss sy sy 52
II.5 Mechanical properties of SiSal fIbIES. ... vveereriesrcinoisoiioissssnnsnnsssssssssssssass 54
I1. 6 Mix proportions for Normal concrete (NC).......ooovvviiiiiiiniiiiiieiiniiinenn. 54
II. 7 Compositions of sand concrete according to the proportions of sand.............. 56
1.8 Shows the sand concrete compositions with limestone filler ratios and addition
By b Lo T ol ] P 57
I1.9 Compositions of the sand concrete with sisal fibers..............coooevviiiiinn. 57
II. 10 Latex-modified sand concrete COMPOSIHONS. ......ovviviiiriiriiriiineinianiannenns 58
II. 11 Compositions of Latex-modified sand concrete with sisal fibres used for
RV oo i R A A A S 0 S O SO SO O AR 58
CHAPTER I1I: RESULTS AND DISCUSSIONS OF THE PROPERTIES OF SAND
CONCRETE
III. 1 The results of concrete sand tests according to the proportions of sand after 7
e s T 76
III.2 The sand concrete compositions' results by the limestone filler and
SUPETPRIBHCIZRT FRLIO ooy e 86

CHAPTER 1V: EFFECTIVENESS OF BOND STRENGTH BETWEEN SAND
CONCRETE AND NORMAL CONCRETE

IV.1 Bi-surface shear test 1esults...... ..ot 109
IV.2  Splitting tensile strength and failure mode of different composite cube

] oeTe1 118111 ST 114
IV.3 Minimum acceptable bond strength range [ ACI concrete repair guide]........... 117
IV.4 Quantitative bond quality in term of bond strength.....................c.ooovine. 117
IV.5 Pull-off bond strength and failure modes of composite................ccovvvvinnnn 118

Xi



List of Abbreviations

CS
RS
SBR
NC
SC
LMSC
ITZ
SEM
UPV

Fmax

Crushed Sand

River Sand

Styrene Butadiene Rubber

Normal Concrete

Sand Concrete

Latex Modified Sand Concrete
Interfacial Transition Zone

Scanning Electron Microscopy
Ultrasonic Pulse Velocity

Without surface preparation as reference
Substrate surface treatment with hand hammer
Sand-blasted on the substrate surface
Grooved treatment

Compactness coefficient

Volume

Water

Cement

Super Plasticizer

Latex

Compressive strength

The max load applied

The pulse velocity

The length of the sample

The damage degree

The UPV after heating

The UPV before heating

The dynamic modulus of elasticity
Poisson’s ratio

The mass of the specimen before heating
The mass of the specimen after heating
The volume of the specimen before heating
The volume of the specimen after heating
Water porosity

Mass dried

Mass saturated

Hydrostatic balance

Xii



GENERAL INTRODUCTION



GENERAL INTRODUCTION

GENERAL INTRODUCTION

1. General background

In recent decades, sand concrete has attracted attention as a basic building material; it was once
known as agglomerated concrete (Sablocrete, 1994). It is fine concrete defined by standard NF P
18 500, revised in 1987 by AFNOR (Belhad; et al., 2014). Sand concrete is significant from an
economic and environmental perspective because it promotes the use of quarry waste in its
constituent parts, such as crushed sand and limestone fillers; it is also possible to utilise the dune
sand, which is present in significant amounts in desert areas (Gadri, 2018). In several civil
engineering projects, sand concrete is used instead of ordinary concrete (Djebien et al., 2015;
Sablocrete, 1994). Several studies have worked to develop sand concrete for use in construction
fields (Ammari et al., 2020; Belhad; et al., 2016). To the best of our knowledge, there are many
studies have proposed sand concrete as a repair material for concrete buildings (Gadri & Guettala,

2017).

The need to use concrete in buildings has substantially grown (Dong et al., 2017). Currently,
concrete constructions make up the majority of all structures (Gao et al., 2019). For various
reasons, concrete structures are frequently vulnerable to deterioration and collapse (Emmons,
1993). The nature and origin of defects in concrete structures can occur due to errors in the design
or construction of the structure. Still, other damages may appear during accidental loading
(earthquake, unintentional overload, etc.). According to (Tayeh et al., 2014), Many concrete
structures in the world need effective and permanent repair. The repair system consists of three
stages: the structure to be repaired (substrate), the repair material, and the interfacial transition
zone (ITZ) that forms the interface between the two materials (Emmons & Vaysburd, 1994). An
interfacial transition zone (ITZ) between repair material and old concrete is the weakest part of the
repair system (Tayeh et al., 2012). According to the recommendations of the standard NF EN 1504
(EN1504, 2014), the preparation of the surface is a fundamental step that must be carried out before
the repair. Surface roughness is one of the elements that affects how well the repair material
adheres to the old concrete. (Aaleti & Sritharan, 2019; Liu et al., 2020). Many old concrete

structures were repaired following the necessary conditions and methods (Hu et al., 2021).
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2. Problem statement

Sand concrete is concrete with a high proportion of fine aggregate. Quarry waste is an
environmental issue; it is intriguing to investigate the viability of utilising this waste in sand
concrete as sand and filler. Also, sand concrete needs to improve some physical and mechanical
properties for use in many construction areas, especially repair; these disadvantages can be
overcome by adding some additives to improve these properties. Therefore, the performance of

sand concrete after improvement should be evaluated with additives for repair.
3. Objectives
The main objective of this study:

¢ Contribute to improving sand concrete's physical and mechanical properties by using sisal fibres
and latex by studying each addition alone, selecting the ideal proportion for each addition, and
combining them to use as a repair material.

e Ascertain the effectiveness of bond strength between normal concrete (NC) as substrate and

latex-modified sand concrete reinforced with sisal fibers (LMSC) as a repair material.

4. Layout of the thesis
The thesis is divided order as follows:

General Introduction presents a general introduction to the thesis and presents our study's

problem and primary objectives.

Chapter I presents the definition and history of sand concrete and the components of sand concrete
(Sand, Cement, Water, Additives and Adjuvants), as well as a review of the literature on the
properties of sand concrete. It also studied how to formulate sand concrete and mentioned some
uses of concrete sand in repair. This chapter also presents the main findings from the repair and
adhesion mechanism literature, with a detailed overview of the durability issues of the repair

system and the factors affecting the compatibility of the repair materials.

Chapter 11 this chapter provides details of the experimental program conducted. A series of tests
were conducted to evaluate the material used (Sand, filler, cement, superplasticizer, water, latex

and fibre). This chapter also describes the mix proportions, preparation, curing conditions and
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testing of the specimen’s concrete. Additionally, Repair techniques and procedures were discussed

as adhesion tests of composites.

Chapter I1I presents the discussion on the results of tests carried out on sand concrete and normal
concrete. The main objective of this chapter is to contribute to improving the properties of
reference sand concrete by using additives, sisal fibres and latex, by studying each addition alone,
and then selecting the ideal percentage for each addition and combining them to use as a repair
material and also study the properties of the normal concrete substrate. The physical and

mechanical properties are studied by performing the tests.

Chapter 1V investigated the use of latex-modified sand concrete reinforced with sisal fibers
(LMSC) as a local repair material. The repair material LMSC was applied to normal concrete
substrates (NC) of different shapes and sizes according to the type of test in order to assess the
interface bond strength and the type of failure between LMSC as a repair material and NC as
substrate. To ascertain the bond strength between LMSC and NC using four different surfaces:
without surface preparation as reference (SR), treatment with a hand hammer (HA), treatment
sandblasted (SB), and treatment grooved (GR). The bi-surface shear, splitting tensile, and pull-off
strength tests evaluated the bond strength.

General Conclusion It provides a general summary of our study of the theoretical part and the
practical part. Also, it focuses on the best results of the tests obtained in terms of improvement and

the possibility of use.
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I.1 Introduction
Concrete structures are exposed to damage and collapse due to various reasons and factors, which
makes it urgent to assess the condition of these structures and the levels of damage to them to

ensure safe and sound investment for them taking the necessary measures.

The first part of this chapter discusses the definition, components and literature reviews of sand
concrete. In this study, sand concrete was proposed as a repair material. This chapter also presents
a detailed description of repair system durability issues and factors that affect the compatibility of

repair materials.
1.2 Sand Concrete

1.2.1 Definition

Sand concrete is considered fine concrete that contains a large amount of sand with a diameter of
0/5 mm according to standard NF P 18 500 [2004] (Bédérina et al., 2005a; Belhadj et al., 2014).
According to (Gadri & Guettala, 2017a), sand concrete contains a lower cement dosage when
compared to mortars, and the authors also found that sand concrete has a cement dosage similar

then to conventional concrete.

(Hadjoudja et al., 2014) stated that the amount of coarse aggregates in sand concrete is negligible.
However, sand concrete could contain coarse aggregates in the composition but with a gravel/sand
ratio of less than 0.7. The association for the promotion and development of sand concrete was
created in 1988 and coordinated all research work on this material to develop concrete formulations

whose characteristics should be comparable to those of conventional concretes (Zri, 2010).

1.2.2 History

Sand concrete is an ancient material that dates back to 1850-1875 with the name of 'agglomerated
concrete' (Sablocrete, 1994). In the Soviet Union, the port of Kaliningrad was built of sand
concrete (Chauvin, 1991). Figure 1.1 shows the Lighthouse of Port Said in Egypt in 1869, with a

high of 52 m, made with sand concrete (Sablocrete, 1994).
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Figure 1.1. The Lighthouse of Port Said (Sablocrete, 1994).

In the last decade, using sand concrete in Germany was reduced during World War II due to the
industrial development of several construction applications. In France, sand concrete was not
developed in the 1970s and 1980s due to the abundance of coarse aggregates characterised by high
strengths (Zri, 2010).

Due to the availability of large amounts of crushed sand from quarries, using this sand for
manufacturing sand concrete has become very important (Zri, 2010). In the 1990s, sand concrete
characteristics has developed by the Sablocrete project were similar to conventional concrete

(Sablocrete, 1994).

1.2.3 Sand concrete components
The basic composition of sand concrete is sand, cement and water. Some additives can be used to

improve sand concrete properties, such as plasticiser, fillers, fibers, etc.

1.2.3 1. Sand
Different types of sand with a diameter of 0/5 according to standards NFP 18-545 [2004] can be
used to prepare concrete. Several sands with different sources can be employed in sand concrete

production, such as dune sand, river sand and crushed sand from rocks.
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According to (Sablocrete, 1994), the sand used in sand concrete is characterised by homogeneity
and cleanliness. In the literature review, two types of sand were used in sand concrete (river and

crushed sand).

1.2.3 1. River Sand

River sand can be obtained from the sedimentation of weathered rock, this type of sand is available
at the bottom of the river. The particles of river sand are usually rounded and graded (Kabbani,
1967). The main composition of river sand is silica (S102). The extraction of river sand leads to
the deterioration of the bottom of the river and the flora surrounding the area (Patra & Mukharjee,
2017). For this, several governments worldwide imposed restrictions on the extraction of river

sand (Akrout et al., 2010; Dolage et al., 2013).

1.2.3 1. Crushed Sand

The crushed limestone sand is a sedimentary rock made primarily of calcite (CaCQ3). Due to the
rising demand for river sand and the associated environmental problems created by its depletion,
numerous studies have been conducted on using different types of sand in concrete (Zhang et al.,
2020). According to (Jose & Hossiney, 2016), The construction industry has identified several
solutions to deal with this dilemma; therefore, crushed sand has been suggested as a partial
substitute for river sand. Sand concrete gives a continuous distribution of particle size in sand
concrete (Gadri & Guettala, 2017a). Crushed sand has lower workability because it requires more
water than other sands, so a superplasticiser was needed to provide acceptable workability without
compromising the strength of concrete qualities (Akrout et al.,, 2010; Bederina et al., 2013).
Overall, crushed sand grains' angular shape and rough exterior enhance the connection with the

cement mix (Stefanidou, 2016).

1.2.3 2. Cement

Cement is a fine powdered hydrological very binder that binds concrete components together.
According to NF P15-301 [1994], Composite Portland cement, type CPJ-CEM II/A 42.5, was
utilised. Table 1.1 displays Portland cement's chemical makeup (Zhang & Scherer, 2011).
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Table I.1: Chemical composition of Portland cement (Zhang & Scherer, 2011).

Name of compound Oxide Composition abbreviation Proportion
Tricalcium silicate 3Ca0.Si0; GsS 37%-60%
Dicalcium silicate 2Ca0.Si0; CsS 15%-37%
Tricalcium aluminate 3Ca0.Al203 GA 07%-15%
Tetracalcium aluminoferrite 4Ca0.Al20;.Fe203 C4AF 10%-18%

1.2.3 3. Water

The water used to create concrete must be clean, free of acid or alkali, and have a temperature of

20+1°C by standard NF P 18-404.

1.2.3.4. Additives
1.2.3.4.1 Superplasticisers

Since sand concrete contains fine particles, using superplasticisers is essential to enhance

workability. Generally, the superplasticisers must adhere to standard NF P 18-103.

1.2.3 4.2 Filler

The Addition of filler to sand concrete improves compactness. We know the maximum diameter
of aggregate in sand concrete is D < 5 mm, so it requires a high cement dose. The use of fillers
helps reduce the amount of cement and fills the small spaces between sand grains (Gadri &
Guettala, 2017a). According to (Sablocrete, 1994), fine elements settle into the spaces left by

coarse components, improving compactness.

The Caquot theory of the dosage of the ideal binder (filler or cement), is calculated according to

the following formula standard NF P 18-305:

= (8504 ORI AP BEN°)  cwvvmmmmmmsasanmmes L1
fek : the specified characteristic resistance expressed in MPa.
It is clear that when the largest diameter of the aggregate used decreases, as is the case with sand

concrete, the voids increase. Hence the importance of using grouting to obtain the correct

compactness of concrete (Cisse, 1996).
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There are two types of fines: active fines, such as silica fume, ground slag, crushed pozzolan, fly
ash, etc.) and inert fines, such as limestone or marble fines from the crushing of massive rocks).

The research study is limited to using limestone filler (inert fines).

+ Limestone filler

Limestone comes from crushed rock. Adding Limestone fillers to sand concrete is good, as it is
essential in sealing small voids created by sand and thus improving its properties (Chauvin &
Grimaldi, 1988). The filling effect results in more significant stress on the granular structure and
thus will have a good effect on most properties (Diederich, 2010; Gadri & Guettala, 2017b, 2017a).
Thus, the fillers reduce the amount of cement used so that the dosage of cement used is the same
as that of normal concrete (Gadri & Guettala, 2017a). A limestone filler material reduced the

concrete's shrinkage (Tanabe et al., 2008).

1.2.3.4.3 Fibres

The purpose of adding fibers to sand concrete is to reduce the consequences of shrinkage and also
to improve tensile strength. The Addition of fibers to the cement matrix and their random

distribution in the mixture contributes to the reduction of microcracks and the spread of cracks

(Fowler, 1999).

There are various categories of fibers that can be incorporated into concrete. Fibers can be
classified into four different categories: synthetic (acrylic, aramid, carbon, nylon, polyester,
polyethylene, polypropylene, etc.), natural (sisal, bagasse, coconut, jute, maguey, banana, palm,
bamboo, etc.), metallic (stainless, galvanised, cold drawn wire, cut sheet metal, molten material

extrusion, etc.) and glass (soda lime, borosilicate, etc.). In this study, natural sisal fibers were used.

+» Sisal fibres

Researchers began experimenting with discontinuous fibers with concrete to improve its properties
since 1910 (Naaman, 1985). The shrinkage and fine cracks of sand concrete can be overcome by
adding fibers, improving flexural strength and impact strength (Bouziani et al., 2014). Compounds
based on plant fiber-reinforced cement are a new class of sustainable building materials (Silva et
al., 2007). Dry shrinkage is one of the causes of cracks in concrete structures (Joseph et al., 1999).
In concrete, a structural crack develops even before loading due to drying shrinkage and other

causes; adding small discrete fibers to concrete can act as a crack arrestor and improve its static

10
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and dynamic properties (Siva Bala & Vaisakh, 2018). Concrete's tensile and flexural strength is

improved using short, randomly oriented fibers to reduce microcracks (Balaguru & Shah, 1992).

Where sisal fiber was used in this study, it is a widely available plant fiber. Plant fibers are
available in all regions worldwide (Brandt, 2008). Using plant fiber in compounds has no health
risks to the environment (Campos etal., 2012). Sisal fiber a high cellulose content, has high tensile
and flexural strength and is inexpensive compared to other plant fibers (Joseph et al., 1999). What
distinguishes sisal fibers from other natural fibers is that their water absorption is low compared
to other fibers . To enhance plant fiber, agents have been used that prevent the fiber from absorbing

water (Gram, 1983).

Since sisal fibers is vegetarian, it needs further modification to improve compatibility with the
cement matrix. In recent times, several methods have been used to enhance the bond between the
fiber and the cement matrix, including treating the plant fiber before using with different materials.
Many studies show that plant fibers need materials that improve their adhesion to the cement
matrix to increase their durability (Li et al., 2007; Tonoli et al., 2009). (Bederina et al., 2012b,
2016) treated the plant fibers with different materials that improved the adhesion between the fibers

and the sand concrete.

1.2.3.4.4 Polymers

The Addition of polymers to the cement matrix improves its properties in general. Several different

types of polymers are added to concrete matrices. The most widely used polymers are latex (Soufi,

2014).

Latex is often made up of Styrene-Butadiene (SBR). Latex polymers can come in two forms,
powder and liquid. Studies by (Afridi et al., 2003) have shown that liquid polymers form a film of
better quality than those in powder form, in which the film is less homogeneous. Adding the
Polymer to the cement matrix improves the properties, especially the tensile strength. This
improvement in tensile strength is due to the improvement of adhesion in the cement matrix and

the bridging of micro-cracks by the Polymer (Bureau et al., 2001).

11
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1.2.4 Characteristics of sand concrete

1.2.4.1 Workability

Workability is one of the fresh characteristics of sand concrete, as this characteristic depends on
the components of concrete, and, remarkably, sand concrete needs a higher water percentage than
conventional concrete due to the exact size of the aggregate. Sand concrete may need a
(water/cement) ratio greater than 0.5 (Chanvillard & Basuyaux, 1996). These high proportions are
due to the large specific surface of the mixture; the coarser the sand, the better the workability
because the surface to be wetted is less than that of fine aggregate. However, considering the ratio
W /C + A (A =filler), we get proportions similar to ordinary concrete (Diederich, 2010). Similarly,
an increase in the content of non-absorbent spherical fine granules improves workability and also
reduces the amount of voids (Sablocrete, 1994). This concrete's cement dosages are 250 to 450
Kg/m?; the optimum compactness is achieved by adding fines and superplasticiser (Gadri &

Guettala, 2017a).

According to a study conducted by (Bédérina et al., 2005b) on adding limestone filler (< 0.08 mm)
in sand concrete, using two types of sand in sand concrete: River Sand (RS) and dune sand (DS),
the graphs in Figure 1.2 show the different effect when adding limestone filler to three different
ratios (water/cement): 0.5, 0.7 and 0.9. It can be seen that the proportion of coarse grains of sand
significantly increased the workability of similar water content, and better workability was
obtained when a filler was also added to it. Here we considered River Sand (RS) as a course
compared to Dune Sand (DS). It can also be noted that the addition of grouting greatly contributed
to the workability of all types of concrete studied (Bédérina et al., 2005b).

12
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Figure 1.2. Evolution in workability of the dune (a) and river dune (b) sands vs filler
concentration (Bédérina et al., 2005b).
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1.2.4.2 Compressive strength

Compressive strength is considered a characteristic property of concrete. Several types of research
on sand concrete aimed to improve the resistance. They have shown appreciable resistances for
this material, comparable to traditional concrete. For cement dosages between 250 and 450 kg/m?,
the compressive strength reached after 28 days is between 12 and 60 MPa depending on the
composition, the admixture and the mode of implementation (A. Benaissa et al., 1992). Many
factors affect the compressive strength of fixed cement content, such as grain size and additives

(Gadri & Guettala, 2017a).

Figure 1.3 shows a study carried out by (Bédérina et al., 2005b) to measure the compressive
strength of three types of sand concrete with three different sizes of sand, namely River Sand (RS),
Dune Sand (DS) and a mixture of River and Dunes Sand together (RDS), by adding limestone
filling to all mixtures. Sand concrete composed of two sands together (RDS) gave better
compressive strength, which shows that it obtained good compaction of the granular structure and
thus increased the compressive strength of concrete. Also, adding limestone filler to all types of

studied sand concrete improved the compressive strength with the optimum dose.

Compressive strength (MPa)

i L i i L i L L i

300 400

200
Filler content (kg!m3)
oDS oRS ARDS

0 100

Figure L3. Influence of filler concentration on 28-day compressive strengths (Bédérina et

al., 2005b).
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1.2.4.3 Flexural tensile strength

Concrete of all types is known for its low tensile strength. Still, sometimes tensile strength is
essential in concrete, which requires additives that contribute to increasing this characteristic,

especially if the use is in repairing concrete structures.

It should be noted that the main role of fibres in concrete can be linked to two main points

(Chabane, 2012):

+ Control crack growth in serviceable concrete by reducing crack openings, as shown in Figure

L.4.

Without fibres | With fibres

Figure 1.4. Cracking in concrete without and with fibres (Chabane, 2012).

+¢ Transformation of the brittle behaviour of the concrete into a ductile one increases safety during

final loading states, see Figure L.5.

Force de traction
-

,_,o--_.ﬁlea fibres se déchirent
. ~

____________

sans fibres

Figure L.5. Load—deformation behaviour of concrete
with fibres and without fibres (Chabane, 2012).
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According to research by (Ammari et al. 2020), adding steel fibres to sand concrete enhanced the
flexural strength, as seen in Figure 1.6. As a result, adding fibres to sand concrete enhances its

qualities and encourages its application in a variety of construction sectors.

Y = 0.0S57X7 - 0.1923X + 4.606 507

R*=0,9616 49
5.00 0.04D07X2 - 0.113 T 28 days

mmmm 90 days

Flexural strength (MPa)

4.00

3.75

3.50
SCTS-WSF SCTS-SF0.5% SCTS-SF1% SCTS-SF1.5% SCTS-SF2%
Composition

Figure 1.6. Evolution of the flexural strength at 28 and 90 days according to the proportion of
steel fibres (Ammari et al., 2020).

In addition, adding the Polymer to the cement matrix has improved most of the mechanical

properties, especially the flexural strength.

According to the study carried out by (Ohama, 1998) on adding different types of Polymer to the
cement matrix to study the bending strength, Figure 1.6 shows that there is a clear improvement in
the bending strength when adding polymers of all kinds in addition to that, the air-dry treatment

was better than immersion in water for the polymeric cement compounds as shown in Figure 1.7.

16
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Figure 1.7. Effect of Polymer Type and curing conditions on flexural strength (Ohama, 1998).

1.2.4.4 Shrinkage

Concerning shrinkage, there are two types: one, called self-drying shrinkage, takes place without
contact with the external environment, while the second, called dry shrinkage, occurs in the
surrounding environment. It was found that the self-drying shrinkage of sand concrete is close to
that of conventional concrete if it is kept in an airtight environment (A. Benaissa et al., 1992;
Sablocrete, 1994). While the dry shrinkage of sand concrete shows a very rapid development at an
early age due to the high movement of premature drying. However, the drying kinetics slows down,

and shrinkage stabilises.

According to the study carried out by (A. Benaissa et al., 1992), where he compared sand concrete
made of sand dunes and ordinary concrete, at the age of six months, the shrinkage rate was higher
than that of ordinary concrete by about 62.11% to 69.26%. Additionally, it has been shown that

sand concrete displays early drying shrinkage that develops exceptionally quickly.

(Khay et al., 2010) Three different compacted sand concrete mixes were tested to evaluate their
shrinkage potential. Mixes F1 and F2 are composed of crushed sand obtained from two different
limestone quarries. Mix F3 is obtained from desert sand, which is found in huge quantities. Mix
F1 was tested at four different w/c ratios (0.65, 0.7, 0.75, and 0.8). Mixes with a w/c ratio of 0.8
and (.75 represent ordinary vibrated plastic sand concrete mixes, while mixes with a w/c ratio of

0.65 and 0.7 represent compacted sand concrete mixes.

17
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Figure 1.8 shows the shrinkage strain in pum/m over the first 28 days for all specimens. The curves
indicate that the w/c ratio increased and the shrinkage increased. Therefore, the w/c ratio is an
important parameter when considering the shrinkage behaviour of sand concrete. Values of the
shrinkage strain after 28 days were plotted versus the w/c ratio and are shown in Figure L.9.
Compacted sand concrete mix with a w/c of 0.65 had the lowest shrinkage strain of 220 pm/m
after 28 days of age, while ordinary sand concrete with a w/c of 0.8 had the highest developed
shrinkage strain of 325 pm/m. This indicates that for the same ingredients and the same cement
content, compacted sand concrete developed more than 30% less shrinkage strain than ordinary

sand concrete.
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Figure 1.8. Shrinkage of sand concrete mix  Figure 1.9. Effect of the w/c ratio on the developed
F1 at different w/c ratios (Khay et al., 2010). shrinkage strain after 28 days for mix F1(Khay et
al., 2010).

Figure 1.10. The results of the unrestrained shrinkage test obtained for Mix F2 at different w/c
ratios. The exact same findings obtained for mix F1 were validated for mix F2. This mix, however,

exhibited more shrinkage than Mix F1.

Figure I.11. show the shrinkage results for mix F3. The mix behaved in the same manner as mixes
F1 and F2. An increase in the w/c ratio increased the measured shrinkage strain. A maximum
shrinkage strain of 460 um/m was obtained for this mix at 28 days and a w/c ratio of 0.75. With a
w/c ratio of 0.66, the measured shrinkage strain after 28 days was 370 pm/m.

18



CHAPTER 1. LITERATURE REVIEW

R
o0 w08 600 ——wic=0.75
mE —-wic=073 L
_ 11 |4 —B-wic=0.7
z W - wle=0.60 e E S0
s L1 AL . = T ——wic=0.66 =
3 400 - —a—wlc=063 - = 0 ) A d=-4TT :
:’ | 41 |- :’___' . ) ] 3 EREES N
£ e s = = =t
g 00 = et ; )] AL AT
. 2 1] - A
2l A @ A BT
e AT ] .
= 20 x X0
= - | .4
8 % B e
“ 100 z 100
’ /
1] | [IE,
0 5 10 15 0 5 30 0 5 10 15 20 5 (]
.-\QL.' IdJ_\'SJ ..\i_\g |[),J}.£1

Figure 1.10. Shrinkage of sand concrete mix F2 at ~ Figure 1.11. Shrinkage of sand concrete mix F3 at
different w/c ratios (Khay et al., 2010). different w/c ratios (Khay et al., 2010).

Compacted sand concrete mix F1, made with crushed sand from a limestone quarry, exhibited the
lowest shrinkage strain. This could be explained by filler content. This mix had the most
percentage of materials passing the 80 Im sieve (around 16% of the sand weight). This filler content
1s reported to positively affect the shrinkage resistance of concrete mixes since it increases the

density and reduces moisture transfer across the mix (Bui & Montgomery, 1999).

In 2012, (Bederina et al. 2012a) studied the dimensional variations of sand concrete containing
different wood shavings contents. They then tried to reduce the shrinkage limit values by applying
different treatments to the shavings before their use. Four types of treatments were proposed:
Cement treatment (CT), Lime treatment (LT), Cement +lime treatment (CLT) and Oil treatment
(OT).

Figure 1.12 shows the shrinkage rises by increasing the proportion of wood shavings in sand
concrete. This phenomenon constitutes a disadvantage for these materials, making the treatment
of wood shavings necessary. It should be noted, finally, that at an early age, sand concrete without
wood presents the lowest shrinkage changes. Its shrinkage values are lower than those of wood
sand concrete. In this part of the study, we will consider only one wood composition, SW-60 (B =

60 kg/m?), to study the effect of different treatments on the improvement of wood sand concrete.
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In general, all treatments used were beneficial for the improvement of the shrinkage of wood sand
concrete (Figure 1.13). It further shows that among the treatment tested, the oil treatment
experienced the lowest drying shrinkage, which was 43.6% less than the shrinkage recorded with
the same composition without any treatment. On the contrary, the cement treatment had the highest
values. The lime treatment also presented good improvement (35.9% less than the shrinkage
recorded with the same composition without wood treatment). If we try to classify the treatments
used according to their efficacy, we note that the oil treatment is the best, followed by the lime

treatment, then the cement-line treatment and finally, the cement treatment.
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Figure 1.12. Evolution of drying shrinkage Figure 1.13. Evolution of drying shrinkage according to time
according to time for different wood contents and type of treatment for SW-60-wood sand concrete
(Bederina et al., 2012a). (Bederina et al., 2012a).

1.2.4.5 Durability

Sand concrete must be durable, and durability can be defined as maintaining the quality of concrete
for a long period. In particular, the durability of sand concrete is related to its interchangeability
with the external environment. Therefore, it is clear that porosity, absorbance and permeability are
first-order physical parameters of durability (Gadri, 2018). In fact, like conventional concrete, the
same factors affect the durability of sand concrete: porosity, cracking, reinforcement corrosion,
chemical attacks, etc. It is the same way to deal with it by striving for compactness by considering

the particle size and integrity of the components.
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The particle size and integrity of the components care in the installation and manufacture, the use
of appropriate additives and compliance with certain elementary rules of implementation are all
guarantees of obtaining concrete from durable and compacted sand (Djouhri, 2007). According to
(A. Benaissa et al., 1993), sand concrete has a porosity range of 11 to 13%, which is fairly similar

to that of ordinary concrete.

Porosity is an essential property of sand concrete and is an essential indicator of durability.
Accordingly, (Gadri, 2018) studied the porosity of four different types of sand concrete and
compared it with ordinary concrete, as shown in Figure I.14, where BSCR: crushed sand concrete
based on limestone filler, BSFR: crushed sand concrete based on limestone filler and silica fume,
BSVR: crushed sand concrete based on limestone filler and glass powder, BSDR: Dune sand
concrete based on limestone filler and BO: Ordinary Concrete. The results showed that the porosity
of sand concrete is greater than or equal to 12% versus the lower porosity of BO of about 8.7%.
This difference is related to the W/C ratio and the composition of the cement matrix. BSVR
provides the highest open porosity of 13.8%, and BSDR is about 13.5%. This 1s explained by the
high W/C ratio, 1.e. 0.62. In addition, the lowest porosity of about 12% is provided by BSFR and
12.3% by BSCR, which have the same W/C ratio, i.e. 0.60. Anyway, the porosity results obtained
for the four sand concrete are slightly higher than that of ordinary concrete, which is in common
agreement with those obtained by (A. Benaissa et al., 1993). In addition, according to the
classification of concretes, by class of potential durability of the AFGC [2004] (UNE & DES

OUVRAGES, 2004), these porosity values allow an average class for these sand concretes.
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Figure 1.14. Water porosity results (Gadri, 2018).
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In general, adding polymers of all kinds had an influential role in maintaining the durability of the
cement matrix. The Polymer modified mortar contains a porous structure where the pores can be
filled with polymers or sealed with a continuous polymer film. As a result, their water absorption

is lower than that of an ordinary cement matrix.

(Hassan et al., 2000) They observed a decrease in the water and oxygen permeability of a polymer-
containing cement matrix compared to a regular cement matrix. Compared to a reference mortar
devoid of polymers, (Ramli & Akhavan Tabassi, 2012) found a reduction in water absorption of
more than 50% with modified mortar. (Shaker et al., 1997) measured the depth of water penetration
of two materials, one containing SBR polymer (P/C = 15) and the other without Polymer and found

a reduction of 75%.

(Ramli & Akhavan Tabassi, 2012) Studied the effect of the Polymer on the oxygen permeability
of mortars modified with the following polymers: styrene-butadiene rubber (SBR), polyacrylic
ester (PAE), vinyl ethylene acetate (VAE). The results showed that the permeability decreases
with the Addition of Polymer to the cement matrix, and the values also depend on the type of
Polymer and its effect on the cement matrix, but in general, there was an improvement in the
permeability of all concrete mixtures containing Polymer regardless of its type, as shown in Figure
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Figure 1.15. Intrinsic permeability of mortar specimens under prolonged
water curing (Ramli & Akhavan Tabassi, 2012).
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1.2.5 Methods of formulation of sand concrete

The formulation of sand concrete depends on the selection and suitability of components to obtain
properties that meet technical and economic standards. Sand concrete formulation methods target
good workability, strength and long-term durability of concrete. The concrete formation is mainly
based on improving the compactness of the granular structure. This compactness, defined as the
ratio of solid volume to total volume, corresponds to the porosity unit's complement. The methods
used are those of ordinary concrete with modifications considering the large amount of fines used

(Benaissa et al., 2015).

Different researchers developed several methods for the formulation of sand concrete. Within the
framework of the French SABLOCRETE project (Sablocrete, 1994), a technique has been
developed for the formulation of sand concrete based on the caquot formula for determining the
compactness of the granular structure; This compactness corresponds to the complement of the
porosity unit. (Chauvin & Grimaldi, 1988) Presented a sand concrete formulation study, defining
the amount of addition to obtain optimal compactness and resistance. Finally, to formulate sand

concrete, it is necessary to combine the two parameters: workability and compactness (Gadri,

2018).

1.2.6 Uses of sand concretes in repair

In this study, the focus will be on the use of sand concrete for repair. There are many studies on

the use of sand concrete for repair, examples of which are:

+*+ Structure the rehabilitation of a severely degraded Naujae collector in the city of Bordeaux
[France] (Sablocrete, 1994).

%+ Repair a steep embankment alongside a city street [A10, Lormont, France] (Sablocrete, 1994).
+** Repair grain silos in Moscow: renovation work with surface reinforcement and a layer of sand
concrete 6 cm thick (Chauvin, 1991).

** Repair of a cluttered Agrippa d'Aubigné collector in the city of Paris [France] (Sablocrete,
1994).
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Finally, the latest study on the use of sand concrete for repair was the study that Gadri carried out
in 2018 (Gadri, 2018), where she studied several types of sand concrete and conducted the
necessary mechanical experiments to assess its adhesion strength; all the results obtained by
studying it were good and fulfilled the essential purpose for repair, and based on it our focus in

this study was on the use of sand concrete to repair concrete structures.

1.3 Concrete materials problems
Concrete structures are often exposed to damage and collapse due to various reasons and factors
(Figure 1.16) (Emmons, 1993), which makes it urgent to assess the condition of these structures

and the levels of damage to them to ensure safety.

Materials concrete deterioration is its loss of performance; the degradation process of concrete

needs to be previously understood before repair works.

The types and causes of flaws in concrete structures might include mistakes made during the
building's design or construction, but other problems can arise from accidentally loading the
structure (earthquake, accidental overload, etc.). Finally, concrete illnesses can seriously degrade

the structures that need to be repaired; thus, action should be performed to enhance the structure's

original function (Molez & Molez, 2005).
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Figure 1.16. Nature and origins of defects found in concrete structures (Emmons, 1993).

Corrosion of steel rebar is the most common deterioration of reinforced concrete structures (Soufi,
2014). This disease stems from the aggressiveness of the environment because it also results from
design and implementation errors and thus creates cracks in the concrete cover, the first visible

manifestation of concrete deterioration.
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According to (Angst et al., 2009), several factors affect the corrosion process in reinforced

concrete, namely:

¢ The state of the steel-concrete interface.

+¢* The concentration of hydroxide ions in the interstitial solution (pH)
+¢ The electrochemical potential of steel

+¢ The electrochemical potential of steel

+¢ The surface conditions of the steel

¢ The W/C ratio

+* The degree of hydration

¢ The chemical composition of the steel

¢ Temperature

+ The type of cation accompanying the chloride ion.

In general, the deterioration process of reinforced concrete goes through two stages, namely the

incubation period and the development period, as shown m Figure 1.17. The two stages are

illustrated as follows (MAHUT, 2002):

¢ The incubation period is slow, as it cannot be visually observed, and the reason is that the
concrete was unable to protect the rebar from rust, especially if the concrete was in a state of
carbonation.

¢ Development period, the deterioration is already visible and tangible.
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Figure 1.17. Degradation of reinforced concrete cover (MAHUT, 2002).
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Concrete deterioration are classified according to external (environmental) and internal
(interactions) conditions. The causes of deterioration have been generally explained and

categorised according to the technical manual as follows IFSTTAR (MAHUT, 2002):
++» Damage of Physical-Mechanical :
1) Surface degradation: abrasion / erosion / cavitation / external cracking and spalling.

2) Internal cracking: gradients in humidity or temperature / freezing or thawing / crystallization
pressure / structural loading / exposure to extreme high temperature (fire) / shrinkage / sensitive
expansion or contraction of aggregates / bad thermal compatibility between aggregates and cement

matrix.
+ Damage of Physical-chemical :

Corrosion of steel rebar/degradation due to electrolytic action / spalling due to melting salt/ alkali-
aggregate reaction. Factors which affect the degradation are related to characteristics of the
concrete composition, internal micro-climate, external environment, conception of design work,
installation and maintenance of the structure, etc. The mechanisms of concrete degradation are
principally related to major damage causes, such as carbonation, attack by chloride ions, sulphate
or acid attack, freeze-thaw cycles, drying-wetting cycles, alkali reactions, etc., corrosion of steel

rebar are thus induced.

L7

#* Chemical :

Attack by freshwater, salty sea water or chloride solution (brine) / attacked by acid or sulfates
(groundwater or due to local environment) / oxidation of sulfides in aggregates/formation of

secondary thaumasite and ettringite / alkali-silica reaction / alkali-carbonate reaction.

1.4 Concrete repair mechanism
Repair is generally defined as the treatment of deteriorated concrete that has lost its properties due

to the various factors it has been exposed to, using the necessary methods and materials.

Concrete repair consists of two types: structural and non-structural; non-structural repair is where
the thickness of the repair material is less than 100 mm, and vice versa for structural repair

(Benzerzour et al., 2014).
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The repair process goes through successive, inseparable main stages, beginning with an accurate
diagnosis of the causes of deterioration. It is essential to understand the origin of the damage to
prevent it from reappearing once the structure has been repaired. Then the preparation of the area
to be repaired must be carried out carefully: removal of deteriorated concrete with special care,
good cleaning and addition of reinforcing bars if necessary; finally, the appropriate application of

the repair material.

Regardless of the type of repair performed, the repair system consists of three stages: the structure
to be repaired (substrate), the repair material, and the transition area that forms the interface

between the two materials, as shown in Figure 1.18 (Emmons & Vaysburd, 1994).
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Figure 1.18. Three-phase repair system (Emmons & Vaysburd, 1994).

L.5 Standard context for repair

With the increase in repair and maintenance work on degraded concrete structures, technical
guides and standards. Among them, we can mention the European standard EN 1504. European
standard EN 1504 (EN1504, 2014) defines products and systems for protecting and repairing
concrete structures. It consists of 10 parts which are shown in Table 1.2. As the repair of concrete
structures is an activity that requires qualified and competent personnel, and therefore the main

objective of this standard is to improve the repair mechanism.

28



CHAPTER 1. LITERATURE REVIEW

Table 1.2: Parts of standard NF EN 1504 (EN1504, 2014).

Document number Description
EN 1504-1 Definitions
EN 1504-2 Surface protection systems
EN 1504-3 Structural and non-structural repair characteristics
EN 1504-4 Concrete injection products and systems
EN 1504-5 Bonding products and systems
EN 1504-6 Anchorage and sealing products and systems
EN 1504-7 Products and systems for preventing corrosion
EN 1504-8 Quality control and conformity evaluation
EN 1504-9 General usage principles of products and systems
EN 1504-10 Applications of products and systems quality control

1.6 Characteristics of repair materials

It is essential to know the properties of repair materials before choosing the suitable repair material
to repair the condition. There are many materials for the repair of concrete structures; these are
classified into three categories (Qian et al., 2014), namely Polymer or resin materials, Polymer
modified cementations materials (PMC), and Cementations concretes. Each category has specific
physical properties (Mailvaganam & Mitchell, 2003), as shown in Table L.3. In particular, the
understanding of these properties determines the choice of repair materials that are compatible, as

far as possible, with the properties of the substrate concrete.

Table 1.3: Properties of concrete repair materials (Mailvaganam & Mitchell, 2003).

Type of repair material Polymer-based Polymer modified Cementations
material cementations material
Compressive strength (MPa) 50-100 30-60 20-50
Tensile strength (MPa) 10-15 5-10 2-5
Modulus of elasticity (GPa) 10-20 15-25 20-30
Coefficient of expansion thermal (°C) 25-30x10° 10-20x 107 10x107%
Maximum service temperature (°C) 40-80 100-300 =300
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Currently, most repair materials are factory-pre-formulated materials. Their compositions have

become complex, combining cement, adjuvants, fibres and polymers (Soufi, 2014).

This study will focus on the Polymer modified cementitious (PMC) materials. Polymers are among
the most common constituents in the composition of repair materials. Polymers are added to
improve repair materials' mechanical and adhesion properties and reduce transfer properties
(porosity, permeability, diffusivity of chlorides). This improvement depends not only on the type
of Polymer but also on the polymer/cement ratio (Ohama, 1998). The most widely used polymers

are latex.

Studies on modified materials with different polymer contents and reference materials (without
polymers) showed that the tensile strength increases with the increase of the polymer modifier.
This improvement in tensile strength is due to the improved adhesion of the cement matrix and the
bridging of micro-cracks by the Polymer (Bureau et al., 2001; Pascal et al., 2004). Other studies
show that the resistance depends on the type of Polymer, the P/C ratio, and the processing

conditions (Wang et al., 2005).

According to NF EN 1504-3 [2006], which shows the characteristics and performance
requirements of structural and non-structural repair products, repair materials are divided into four

classes from R 1 to R4, as shown in Table 1.4.
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Tableau L.4: Performance requirements for structural and non-structural repair products (EN

1504-3, 2006).

Item Requirement
Structural Non-Structural

Class R4 Class R3 Class R2 Class R1
Compressive Strength  >45 MPa > 25 MPa > 15 MPa > 10 MPa
Chloride Ion Content <0,05% <0,05%

Adhesive Bond > 2,0 MPa >1,5 MPa >0,8 MPa
Restrained shrinkage Max average crack width <0.05mm
Expansion No crack width >0.1mm Not required

No delamination
Durability dk < Control concrete C(0,45) Not required

Carbonation resistance

(not required if coated)

Elastic Modulus > 20 GPa >15 GPa Not required
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1.7 Adhesion factors between repair material and substrate
Several studies have been conducted to determine the most critical factors contributing to the
adhesion between the repair material and the substrate. We mention two factors: substrate

roughness and a bonding agent.

1.7.1 Substrate roughness

According to the recommendations of the standard NF EN 1504, the preparation of the surface is
a fundamental step that must be carried out before the repair. It consists in removing the
deteriorated concrete from the substrate and cleaning it after its surface has become rough. This
operation must be carried out with care as long as the link between the support and the reloading

depends on it. The level of surface roughness is related to the chosen technique.

Several techniques are used to prepare the abutment surface, such as a jackhammer, hammer, and
diamond point roller. However, these techniques generate microcracks in the support (Olivier &
LAURENCE, 2001). Since the presence of cracks at the interface mainly affects the bond strength
between the repair material and the concrete substrate (Courard, 2002; Garbacz et al., 2005).
Microcracking weakens the interface between the repair and the concrete base. Other techniques,
including sandblasting and water demolition, are applied because they have created few or no

microcracks in the concrete of the substrate. In addition, it provides a sufficiently rough surface

(Perez etal., 2009).

(Talbot et al., 1995) The hydro-demolition technique is good, less harmful, and offers good
adhesion results. In addition, sandblasting gave excellent results in adhesion between the substrate
and the repair material for most repair cases, as it provides a high roughness of the substrate
without causing cracks on the substrate surface (Tayeh, Abu Bakar, et al., 2013; Valikhani et al.,
2020).

According to many studies that have been conducted on adhesion, roughness plays a significant

role in adhesion and bonding between the repair compound (Molez, 2003; Momayez et al., 2005).

(Tayeh, Abu Bakar, et al., 2013), A successful connection between the substrate and the repair
depends on proper surface preparation. Sandblasted substrates produced the best results in tests of
slant shear adhesion on surfaces of different roughnesses of substrate surface: (AC) no roughness;

(SB) sandblasted; (WB) wire brushed; (DH) drilled holes; (GR) grooves (Figure 1.19).
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Figure 1.19. Slant shear bond strength for the different types of
substrate surface (Tayeh, Abu Bakar, et al., 2013).

In practice, it is necessary to determine the roughness of the prepared surface before repairing it.
Various methods can be used to measure surface roughness (P. M. D. Santos & Jtlio, 2013) to find

out the surface roughness of the substrate to be repaired; We will mention some of them as follows:

++ Concrete surface profile (CSP), by International of Concrete Repair Institute (ICRI) Guideline
No. 310.2R-2013. The only recommended and often-used tool is that of ICRI (Garbacz et al.,
2017). Suggested ten roughness measurement (CPS) files (Figure 1.20) to determine the surface

roughness of the substrate to be repaired.
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Figure 1.20. Model of CSP surface profiles (Garbacz et al., 2017).

+% Sand patch test, in accordance with EN 13036-1:2010 (Cairovi¢ et al., 2017).

The surface roughness is characterised using glass or sand particles by the mean texture depth
(MTD):

MTD'= (V)/(ED2]  Gh)  coussmsmmmsasims 1.2
V = volume of granular material [mm®]; D = diameter of circle covered by granular material [mm]

Figure .21 shows the mechanism for conducting a sand patch test. Wherein adoption of sand patch
tests by different researchers (Courard et al., 2014; Lépez-Carrefio et al., 2017).
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Figure 1.21. Mechanism for conducting a sand patch test (Courard et al., 2014; Lopez-Carrefio
etal., 2017).

¢ Laser technique, the superficial elevation (distance from the laser beam source to the object) of
each point is calculated based on the laser beam transit time. Where Figure 1.22 shows the laser

technique scanning process to measure the level of roughness of the substrate.

Some studies favour using the laser scanning method to assess the interphase area between repair
materials and the substrate (Siewczynska, 2012; Tayeh, Bakar, et al., 2013), although there are

various other methods for measuring the substrate roughness level.

Optical Displacement Meter

Specimen

Stage

o
- | —>

—1IC ®
SN 1

N
Stepping Motor

Control Box
\\ E)/ata Logger

s00
&
0ood

HEe

Nl =

Figure 1.22. Laser technique to measure the substrate's roughness
level (Piotrowski, 2009).
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1.7.2 Application of bonding agent

Applying a bonding agent in a repair system is a common practice. It is even recommended in
certain specifications. There are various products marketed as bonding agents for repair. The most
common are epoxy resins and modified or unmodified cement pastes. Many authors have studied
the influence of using a bonding agent between the support and the hard facing. According to
some, a bonding agent can be applied to improve the adhesive bond (He et al., 2017; Thomas et

al., 2012).

When a bonding agent is required, the materials should be applied in a thin, even coat. The contact
time (should not dry out). Before placing a bonding agent, check the repair area for any dust or
sandblasting residue. The area should be clean and dry. Wiping the area while wearing a dark
brown or black cotton glove will easily indicate a dust problem. Airblown again if the dust has
settled back in the repair area. Scrubbing the bonding materials with a stiff-bristled brush works
well to get the materials into surface cavities. Epoxy agents may permit a less vigorous application.
Cover the area with the bonding agent, including the repair walls or edges. Overlapping the

pavement surface also will help promote good bonding.

However, all researchers do not accept the benefits of using bonding agents. Santos (D. S. Santos
et al., 2012) believe that the effectiveness of the bonding agent is pronounced for less rough and
dry substrate surfaces. (Julio et al., 2005) find that a surface treatment by sandblasting leads to
better adhesion results than a bonding agent application. It gives lower adhesion forces at a higher
cost. (Silfwerbrand & Paulsson, 1998), It Advises against using bonding agents because creating

two interfaces instead of just one results in two areas of weakness.

1.8 Bonding and adhesion test methods

Adhesion tests between two composites, such as a substrate and a repair material, are essential for
knowing and evaluating the bond strength and the test's failure mode. Several tests are performed
to determine the interface resistance between the repair material and substrate and to estimate the

performance of its bond (Gadri & Guettala, 2017b).

In short, there are a variety of tests that fall into two main categories to assess the bond strength

between two layers of concrete, tensile (direct and indirect) and shear (direct and indirect) (Gadri,
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2018). In Addition to the mixed mode, the mixed mode is a combination of normal and shear

stresses (Lopez-Carreiio et al., 2017).

According to (Lopez-Carrefio et al., 2017), there are four types of tests to assess bonding strength:

pure tension, pure shear, shear and tension (Mixed mode), and bending (Mixed mode), as shown

in Figure .23
a) Pull-off b) Direct tension c) Splitting prism  d) Splitting cylinder
Direct and ’
indirect tension
tests
(pure tension)
e) Torsion shear f) Simple guillotine g) Double guillotine  h) Symmetric guillotine
Pureshear ) push-through cube ) Modified vertical k) Bi-surface shear ) Direct shear
shear
m) Shear - Compression n) Compressive Slant Shear o) Tensile Slant Shear
Shear and
tension /
compression
tests
{mixed mode)
4 ¥
p) Three-point bending test q) Four-point bending test

Figure 1.23. Various test methods for assessing interface bond strength (Lopez-Carrefio et
al., 2017).
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Bending tests (p, q) has recently been used for bonding characterisation between cement-based
layers (Lopez-Carrefio et al., 2017; Yucel et al., 2013) and between asphalt and Portland cement
concretes (Chabot et al., 2013; Lopez-Carreio et al., 2017).

According to (Momayez et al., 2005) studied four different types of tests: Pull-off, splitting, bi-
Surface shear and slant shear, as shown in Figure .24, where he conducted the study for two types
of substrate, one with a high rough surface and one with a low rough surface, using different kinds

of repair materials.

80
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300
150
150 °

mom § L3

100 75 100 &
a) Pull-off b) Splitting Prism  c¢) Direct Shear  d) Slant Shear

(Bi-Surface)

Figure 1.24. Types of Tests and Dimensions of tested Specimens (Momayez et al., 2005).

Where the study shows that the measured bond strength depends mainly on the test method used
and that the bond strength obtained through the different tests for each sample is directly
proportional to all types of tests, meaning that the sample that obtained the best bonding strength

1s the same for all test methods in these study, as shown in Figure 1.25
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Figure 1.25. Measure bond strength by different methods: (a) low roughness
and (b) high roughness (Momayez et al., 2005).

The study conducted by (Lopez-Carreno et al., 2017) showed three different types of failure for
each test: Direct Tensile (DT), Laboratorio de Caminos de Barcelona (LCB), and Slant Shear (SS)
tests, as shown in Figure 1.26, Shows a schematic representation of the three failure types observed
in the experimental program: cohesive, adhesive, and mixed mode. Cohesive failure is
characterised by cracking outside the interface zone. In other words, the cracks occur in the
substrate, not reaching the interface, thus indicating that the strength of the interface is greater than
that of the materials of the substrates and overlays. Adhesive failure is characterised by cracking
through the interface. In this situation, the interface shows a weaker behaviour than the substrate
and the overlay materials. Finally, mixed failure is a combination of both modes and is caused by
the emergence or the rise of secondary stresses or by the existence of different strength capacity

zones along the interface.
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Figure 1.26. Failure modes in direct tensile, LCB, and slant shear tests (Lopez-Carrefio et al.,
2017).

The pull-off test method is typically designed to measure the direct tension bond strength between
precast and cast-in-place concrete using standard ASTM C1583/C1583M (ASTM 2013b). In this
test method, the specimen may fail in four locations: (a) failure in precast concrete ;(b) bond failure
at precast/cast-in-place interface; (c) failure in cast-in-place; and (d) bond failure at epoxy/cast-in-

place interface. The four failure modes are shown in Figure 1.27 (Semendary & Svecova, 2020).
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Figure 1.27. Schematic of failure modes (Semendary & Svecova, 2020).

1.9 some studies on the bonding between concrete substrate and repair materials.

Where (Abo Sabah et al., 2019) studied the bond strength between a new Green Universiti Sains
Malaysia Reinforced Concrete (GUSMRC) as a repair material and the existing normal concrete
substrate (NC) using two types of surface treatment, namely grooving and sandblasting, using test
mcthods: slant shear, splitting tensile, and pull-off strength tests. All the results gave satisfactory
results, and this indicates that the substrate surface treatment is important, as shown in Figure .28,
the bond strength results obtained from the slant shear test and failure mode, Acceptable bond
strength range for slant shear test according to ACI Concrete Repair Guide (Chynoweth et al.,
1996), As shown in Table L5, all results are excellent, and the failure mode of the substrate is

evidence of strong correlation.
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Figure 1.28. (a) Failure mode D; (b) average slant shear strength for the different types of the
substrate surface at different ages (Chynoweth et al., 1996).

Table L.5: Acceptable bond strength range for slant shear test according to ACI Concrete Repair
Guide (Chynoweth et al., 1996).

Days Bond Strength (MPa)
2.76-6.9
7 6.9-12.41
28 12.41-20.68

With the use of scanning electron microscopy, (Tayeh et al., 2014) investigated the characteristics
of the interfacial transition zone between normal concrete (NC) substrate old concrete and ultra-
high performance fiber-reinforced concrete (UHPFC) as a repair material (SEM). After completing
the pull-off test at 28 days, three 20 mm diameter core samples were taken from the interfacial
transition zone of the pull-off test samples. As illustrated in Figure 1.29, the samples represented
every type of NC substrate surface preparation procedure, including As-casted (AC), Wire-brushed
(WB), and Sand-blasted (SB). The interfacial transition zone was repaired with UHPFC, which
SEM demonstrated enhanced the zone in terms of chemical, physical, and mechanical properties,

making it stronger and denser as well as more uniform and long-lasting. Additionally, employing

UHPEFC extended the service life.
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Figure 1.29. SEM of the interfacial transition zone between UHPFC and NC (Tayeh et al., 2014).
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According to the research carried out by (Valikhani et al., 2020), by examining the bonding
strength between concrete substrates and ultra-high performance concrete, all samples were tested
by the bi-surface shear test with different surface settings as follows: The concrete cube was cast
monolithically (Reference), Substrate with smooth surface 'as cast' (S1-S5), Substrate with rough
surface 'sandblasting' (R1-RS5), Substrate with rough surface combine with mechanical connectors
(RM1-RM2), Substrate with smooth surface combined with a bonding agent (SB1-SB5) and
Substrate with rough surface combined with a bonding agent (RB1-RBS5). The results showed that
surface roughness plays the most important role in bond strength, and therefore all methods and
other materials, whether bonding agents or mechanical connectors, enhance adhesion in the rough

surface, as shown in Figure 1.30 Average bond strength for each group of testing.
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Figure 1.30. Average bond strength for each testing group (Valikhani et al., 2020).

(Gadri & Guettala, 2017a) Studied two types of sand concrete as repair materials: sand concrete
with 100% limestone filler (SCL) and sand concrete with 50% limestone filler and 50% glass
powder (SCG). They applied the materials to two types of substrates: the first one contains a
superplasticizer (OCS), and the other has no superplasticizer (OC), for three different types of
surfaces: low roughness (LRG As demonstrated in Figure 1.31, the high roughness (HRG), the
drilled holes (DH), and lastly the low roughness (LRG) produced the best results in the flexure

test. In conclusion, these findings enabled us to think favourably of sand concrete.
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Figure 1.31. Relative increase in flexural tensile strength for the different types of the
substrate surface (Gadri & Guettala, 2017a).

Table 1.6 presents studies on the bond strength for different treated surfaces and the test method

between the substrate and the repair material.

45



CHAPTER 1. LITERATURE REVIEW

Table 1.6: Presents a group of studies on bond strength.

Reference Test Surface preparation Bond strength
(MPa)

(Haber et al., Pull off test Roughened with grooves 0.78
2018) Roughened with hydro-demolition 342
(Valikhani et Bi-surface shear  As cast 2.80
al., 2020) Sandblasted 6.30
Sandblasted with mechanical connectors 7.40
As cast with Epoxy 2.40
Sandblasted with Epoxy 3.20
(Aaleti & Slant shear test Texture with 1.26 mm mean texture depth 14.5
Sritharan, 2019) Texture with 1.59 mm mean texture depth 20.1
Texture with 5 mm mean texture depth 18.7
Texture with 3 mm mean texture depth 16.8
Texture with 6.5 mm mean texture depth 16.0
(Harris etal.,  Splitting Prism test As cast 5.00
2011) Roughened with a wire brush 5.00
Roughened with grooves 3.00
(Tayeh et al., Slant shear test ~ As cast 8.68
2012) Roughened with grooves 13.9
Roughened with drilled holes 12.3
Roughened with sandblasting 17.8
Roughened with a wire brush 12.8
(Gadri & Flexural test Low roughness 5.62
Guettala, High roughness 8.84
2017a) Drilled holes 7.8
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1.10 Conclusion

We have shed light in this chapter on a different set of previous studies on sand concrete by

studying its physical and mechanical properties, components and formulation.

This chapter also provides insight into research activities and applications related to the use and
application of concrete repair materials. A composite material with distinct mechanical and
physical properties i1s formed by combining new and old concrete as a repair material. Thus, the
compatibility of the two components drives them to a successful and effective repair of the
concrete structure. The adaptability of the repair materials for concrete structures is an essential

parameter for long-term repair stability.

The adhesion and bonding between the repair material and the substrate is affected by several
factors that are likely to affect the adhesion, such as surface preparation or the use of a bonding
agent. We have studied several tests of the strength of the bond according to previous studies, as

well as the failure mode that was obtained after the test.

This study is considered development and continuation of previous studies. The purpose of

studying sand concrete was to use it for concrete repair.
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I1.1 Introduction

This chapter initially presents most of the physical and chemical properties of the materials used
in this study and also deals with the mechanism of formulation and composition of the studied
concrete in terms of mixing and curing concrete; it is necessary to mix these materials properly to
produce a homogeneous mixture on a large scale and thus have uniform properties. In addition, it
demonstrates all experimental tests of concrete, whether mechanical or physical and the use of

Scanning electron microscopy (SEM) for microstructure analysis.

This chapter also discusses the mechanism of repair techniques and procedures used in this study
to prepare the substrate surfaces, apply the repair material to the substrate and treat the compound
after merging the two compounds. In addition, it explains the mechanism of adhesion tests to know
the bond strength and failure mode through the following tests: Bi-surface shear test, Splitting
tensile test and Pull-off test.

11.2 Characteristics of the materials used

11.2.1 Sand

Two types of sand were used in this study: The first type was Crushed Sand (CS) with a diameter
of 0/5Smm (see Figure II.1a), which was obtained from Ain Touta (Batna). The second type was
River Sand (RS), with a diameter of 0.08 to 5 mm (see Figure I1.1b), which was obtained from the
oued lioua (Biskra). The physical properties of the CS and RS are shown in Table II.1. Grading
curves of the CS and RS are presented in Figure 11.2.

11.2.2 Gravel

In this study, gravel was a crushed limestone stone with a diameter of 3/15 mm, Extracted from

the Ain Touta region in the wilaya of Batna.
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Table.IL.1: Physical properties of crushed sand and river sand.

Crushed sand (CS) River sand (RS)

Apparent density (kg/m?) 1480 1610
Specific density (kg/m?) 2600 2500
Compactness (%) 56.92 64.40
Fineness modulus 3.03 1.92
Piston sand equivalent (%) 97.63 78

Figure 11.1. (a) Crushed sand and (b) river sand.
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Figure I1.2. Particle size distribution of two types of sand.
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11.2.3 Filler

The limestone filler was obtained from the Oum Settas quarry in El-Khroub, (see Figure 11.3) and
sifted through a sieve with an opening of 0.08 mm. The filler is an important component of SC
(Bédérina et al., 2005). The filler's physical properties and chemical compositions are shown in
Tables 1.2 and II.3. Limestone filler is a finely ground mineral rock that meets compactness

standards according to NF P18-508 [1995] regarding mineral additions to limestone.

Figure I11.3. Limestone filler.

Table.IL.2: Physical properties of limestone filler.

Limestone filler

Apparent density (kg/m?) 1083
Specific density (kg/m?) 2700
Specific surface (cm?/g) 5360

11.2.4 Cement

Composite Portland cement CPJ-CEM II/A 42.5 from Ain Touta in Batna was used. Its apparent
and specific densities are 1205 kg/m* and 3150 kg/m?, respectively, and fineness is 370 m?/kg.

The chemical compositions of the cement are shown in Table I1.3.

Table IL.3: Chemical compositions of limestone filler and cement.

SiO2 ALOs3 Fe:03 CaO K:O SO3; Cl- Na:O MgO LOI
Cement 21.13 521 3.35 6292 0.58 242 0.031 0.19 1.44 1.21
Limestone filler 0.01 0.01 0.01 55.88 0.01 0.11 0.005 0.01 0.14 43.90
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I1.2.5 Superplasticizer

The superplasticizer used is a water-reducing *Superior 126’ type. It is a liquid solution diluted
with water according to the EN 934-2 standard. The percentage used in this study is 2% (in mass)

of the cement content. Its use in sand concrete is a must (Belhadj et al., 2016).

11.2.6 Water
The mixing water used is tap water from the Civil Engineering Laboratory of Biskra University.

Its quality complies with the requirements of standard NF P 18-404.
11.2.7 Latex

Sikalatex, a styrene-butadiene rubber (SBR) emulsion produced by Sika and obtained from the

local market, was used. Table I1.4: shows the SikaLatex product information.

Table.11.4: Latex used in this study.

Composition SBR
Form White liquid
Density 0.997-1.037 kg/L
pH 8.0-9.5

11.2.8 Fiber
Vegetable sisal fibre obtained from the local market (Fig.I1.4a) was used. Sisal fibre has better durability

and strength than other vegetable fibres and has many essential features that qualify it for use as

reinforcement in compounds (Li et al., 2000).

The fibre has approximately 176.72 um in average diameter, measured at two different locations

through SEM, as shown in Figure 11.4b.

The mechanical properties of four different fibre lengths were studied at 20, 40, 60 and 80 mm by
NF EN ISO 5079 (Norme Européenne, 1996) standards using a TEST universal testing machine
at a cross-head speed of (.2 mm/min (Figure I1.4c). The results are presented in Table II.5. As the
length of the sisal fibre decreases, the tensile strength increases (Bledzki & Gassan, 1999). The
modulus of elasticity is not significantly affected by the change in fibre length (Kriker et al., 2005).
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Sisal fibres with a length of 20 mm (Figure 11.4d) were used in this study, which provided the best
result in mechanical properties compared with the four studied fibres. A typical stress-strain curve
for sisal fibre with a length is presented in Figure I1.5. In other studies, short natural fibre was used
as reinforcement in concrete paver blocks (Navya & Rao, 2014) and uniformly distributed and
randomly oriented in the concrete matrix (Chakraborty et al., 2013). For the cement matrix with
fibres, the optimal compressive strength was obtained with a lower percentage and shorter fibre
length, as this method introduces minimal flaws into the matrix and ensures a more uniform
distribution in the concrete (Kriker et al., 2005). Another study found that plant fibre's water
absorption rate was high because of the large number of permeable pores (Soto Izquierdo et al.,
2017). Therefore, a good feature of sisal fibre is that it is less absorbent than other plant fibres.

After 24 h, the absorption rate was measured at 128% in accordance with ASTM C127/88.

SEM HV: 200KV WE: 318 mm Ll

View field: .30 mm | SEMMAG: 200 200 ym

(c) Set-up of tensile strength test (d) Sisal fibres with a length of 20 mm

Figure 11.4. Different pictures about the study of sisal fibres.
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Figure 11.5.Typical stress—strain curve for sisal fibre.

Table IL.5: Mechanical properties of sisal fibres.

Fibre Length (mm)  Tensile strength (MPa)  Strain-to-failure (%) Modulus of elasticity (GPa)

20 414.96 9.48 12.30
40 271.87 6.14 8.06
60 218.18 312 9.60
80 198.41 1.27 9.45

11.3 Formulation of the studies concretes

11.3.1 Normal concrete

Normal concrete (NC) used was designed according to the Dreux Gorisse method (George & Jean,
1998) using composite Portland cement CPJ-CEM II/A 42.5, natural river sand with fineness

modulus of 1.9, coarse aggregate with a maximum aggregate size of 15 mm, water/cement ratio of

0.4, and superplasticizer. The mixed proportions are given in Table IL.6.

Table I1.6: Mix proportions for Normal concrete (NC).

Components NC (kg/m?)
River sand(0/5) 630
Gravel (3/8) 399
Gravel (8/15) 741
Cement(CPJ-CEMI/A42.5) 400
Water 160
Superplasticizer 5.2

54



CHAPTER 1L. EXPERMANTAL PROGRAM

11.3.2 Sand concrete

The sand concrete was formulated according to the methods used in previous studies (Benaissa et
al., 2008; Chauvin & Grimaldi, 1988; Gadri & Guettala, 2017a). This method is based on the

criterion for optimizing the compactness of the granular structure.

11.3.2 .1 Basic formulation of sand concrete

The standard cement dosage for sand concrete is 350 kg/m?, the standard ratio adopted by most

studies (Chauvin & Grimaldi, 1988; Gadri, 2018).

As for the dose of sand, two types of sand were used: river sand and crushed sand together. The
amount of sand is evaluated by the mixture's compactness coefficient (y). Compactness coefficient
(y): is the ratio to 1000 litre of the absolute volume of solids (Dreux & Festa, 1995). The
compactness coefficient (y) is equal to 0.770, corresponding to a mixture with Dmax < 5 mm, a
plastic consistency by normal vibration. The compaction coefficient: depends on the outer granular

shape of the sand. The compaction coetficient of crushed sand: 1s 0.03, and river sand: is 0.01
The dosage of the sand is determined according to the following formula:

VEFNE=TODDT  avcsmmmmmsms s s s s m s s o s s s et salisran IL.1

Ve: Absolute volume for cement and Vs, absolute volume for sand and 1000 y: Absolute volume
A. crushed sand

Vs +350/3.1=1000x 0.74 — Vs=740 - 113= 627 liter

Ms = Vs x ps=627 x 2.60 = 1630.2 Kg

B. river sand
Vs+350/3.1 =1000x 0.76 — Vs=760 - 113= 647 liter
Ms=Vsx ps=647x2.50=1617.5Kg

In general, water and superplasticizer were determined experimentally based on a slump test
according to NF EN 12350-2 to achieve a slump value corresponding to plastic concrete to achieve

workability that meets the desired purpose.
Water dosage = 2451/ m?

The ratio W/ C = 0.70
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++ Evaluation of Sand dosage

We initially selected five mixtures with different proportions of crushed sand (CS) and river sand
(RS) to select the optimal mixture of sand concrete from the studied sand; Table I1.7. Presents the

compositions of sand concrete according to the proportions of sand.

Table I1.7. Compositions of sand concrete according to the proportions of sand.

Compositions CS(Kg/m’) RS(Kgm?) W/C

100% RS 0 1617.5 0.7
40% CS +60% RS 652.08 970.5 0.7
50% CS +50% RS 815.10 808.75 0.7
60% CS +40% RS 978.12 647 0.7
70% CS +30% RS 1141.14 485.25 0.7

+* Dosage of fillers (limestone)

The addition of limestone filler to the basic composition of sand concrete is necessary because of
its importance in improving the structural compactness of the mixture, which leads to an increase
in compressive strength (Gadri, 2018). Accordingly, we replaced an amount of the mixture sand

60% CS +40% RS with a filler of limestone.
Where five percentages of limestone filler were studied, as follows:

* 10%F: Replace 10% of sand with limestone filler.

o 12.5%F: Replace 12.5% of sand with limestone filler.

15%F: Replace 15% of sand with limestone filler.
17.5%F: Replace 17.5% of sand with limestone filler.

20%F: Replace 20% of sand with limestone filler.

Table I1.8 shows the sand concrete compositions with limestone filler ratios. In addition, a
superplasticizer (SP) was used to improve the workability of the studied mixtures, and the

proportion of mixing water was also reduced.
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Table 11.8: Sand concrete compositions with limestone filler ratios and the addition of
superplasticizer (SP).

Compositions CS (Kg/m®*) RS (Kg/m®) Filler (Kg/m’) SP (%) W/C

0% F 978.12 647 0 2 0.65
10% F 877.56 585.04 162.51 2 0.65
12.5% F 853.19 568.79 203.14 2 0.65
15%F 828.81 552.54 243.77 2 0.65
17.5% F 804.43 536.29 284.4 2 0.65
20%F 780.06 520.04 325.02 2 0.65

11.3.2.2 Formulation of sand concrete with sisal fiber

Sisal fibres with a length of 20 mm with four different percentages of the total dry weight of the
mixture were used for all samples without any treatment. The fibres were soaked in water for at
least 24 h before use to prevent absorption of the mixing water. Treating the sisal fibres in water

improved the physical and mechanical properties of the concrete (Merzoud et al., 2008).

These mixtures are listed according to the following fibre percentages:

e (.05% F: SC containing 0.05% sisal fibre.
e (.10% F: SC containing 0.10% sisal fibre.
e (.15% F: SC containing 0.15% sisal fibre.
e (.20% F: SC containing 0.20% sisal fibre.

All compositions of the studied compounds with sisal fibers are shown in Table 11.9

Table I11.9: Compositions of the sand concrete with sisal fibers.

CS RS Filler Sisal Fibres SP W/C
Compositions  uomd)  (kgim’)  (kg/m’)  (kgmd) (%)

SC 853.19 568.79 203.14 0 2 0.65
0.05% F 853.19 568.79 203.14 0.99 2 0.65
0.10% F 853.19 568.79 203.14 1.98 2 0.65
0.15% F 853.19 568.79 203.14 2.96 2 0.65
0.20% F 853.19 568.79 203.14 3.95 2 0.65

57



CHAPTER 1L. EXPERMANTAL PROGRAM

11.3.2.3 Formulation of latex modified sand concrete

Latex liquid was used in three different percentages, which were replaced by the total water
weight of the mixture. These mixtures are listed according to the percentages of latex liquid as

follows:

® 15% L: SC containing 15% latex.
® 25% L: SC containing 25% latex.

® 35% L: SC containing 35% latex.

Latex-modified sand concrete compositions are shown in Table 11.10

Table I1.10: Latex-modified sand concrete compositions.

CS RS Filler Latex SP W/C

Compositions  yo/m’)  (kg/m’)  (kgm’) (kg/md) (%)
SC 853.19 568.79 203.14 0 2 0.65
15% L 853.19 568.79 203.14 34.13 2 0.55
25% L 853.19 568.79 203.14 56.88 2 0.49
35% L 853.19 568.79 203.14 79.63 2 0.42

11.3.2.4 Formulation of latex-modified sand concrete with sisal fibers (repair material)
The optimum proportion of the sisal fibre was determined at 0.1% and that of the latex at 35%. The

fibre and latex were combined in the following mixture:

©(0.1% F + 35% L (LMSC): sand concrete containing 0.10% sisal fibre and 35% latex, As
Table.ILl.11 shows.

Table.Il.11: Compositions of Latex-modified sand concrete with sisal fibres used for repair.

CS RS Filler Sisal Fibres Latex SP W/C

Compositions  (o/md) (kg/m’)  (kg/m’)  (kgmd)  (ke/md) (%)
SC 853.19 568.79 203.14 0 0 2 0.65
0.10% F+35% L. 853.19 568.79 203.14 1.98 79.63 2 0.42
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I1.4 Mixing and Curing of concrete
11.4.1 Normal concrete
Normal concrete components were mixed according to the standard NF EN 12390-2 (Standard,

2009). The mix was then poured into the molds and covered with a wet wrapper. The samples were

de-molded after 24 hours and treated in water at room temperature 20 + 2 C° for 7, 28 and 90 days.

11.4.2 Sand concrete

In order to carry out all the tests, mixing all sand concrete specimens is carried out through several
stages to obtain a homogeneous composite that meets the required purpose according to the
standard EN 196-1. Before starting the mixing process, the materials must be weighed with high
accuracy, and the mixer and molds should be cleaned well with a clean cloth in addition to the
tools used. First, the dry mixture is mixed fora period of no less than two minutes, and then liquids,
whether water, latex or superplasticizer, are gradually (Bédérina et al., 2005) added and mixed for
five minutes to obtain a homogeneous paste shown in Figure II.6a.Second, fill the molds to the
center and shake them through the machine in 15 strokes. We repeated the process after completing
the other half, shown in Figure I1.6b. Next, we covered the molds with plastic film for 24 h at 20
+ 2 °C. Then remove the samples from the molds. Finally, the samples are divided in terms of

storage into two groups.

The first group in which samples containing sisal fibers without latex are stored in clean water
until the time of testing at a temperature of 20 + 2 °C and the relative humidity was 50% according
to EN 196-1 standard as shown in Figure 11.6c. The second group, samples containing latex, are
stored in a dry environment until the day of the test as shown in Figure 11.6d. (Kwan et al., 2015)
showed that polymeric cement compounds, when stored in a dry and hot environment, were more

conducive to improving performance.
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I1.5 Experimental test procedures of concrete

I1.5.1 workability

An LCL workabilimétre apparatus was used to measure the workability of sand concrete in this
study according to the standard NF P 18-452, as shown in Figure II.7. The apparatus consists of a
metal box divided into two parts and fit with an electrical vibrator system with dimensions of
(7.5cmx7.5cmx15¢cm). During operation, the concrete is poured into the first section of the box
and then the dividing plate is removed. The vibrator is immediately switched on and the time is
recorded when the concrete has spread uniformly across the whole box. The higher the flow rate

of the mixture, the shorter the flow time.

Figure 11.7. Apparatus for workability measurement (LCL workabilimeétre).

60



CHAPTER 1L. EXPERMANTAL PROGRAM

IL5.2 Dry density
The specimen was dried in an oven at 60 °C until the mass stabilized. The dry density value is
calculated using the specimen weight divided by volume according to the standard NF EN 18-459,

where the sample dimensions were (7cm*7cm>28cm).

I1.5.3 Compressive strength
The compressive strength of concrete can be defined as the maximum measured resistance of

concrete to axial loading. The compressive strength of concrete was calculated using equation

(IL.2).

Fo= Fra) S oo (11.2)

Where f; the compressive strength, Fuax 1s the max load applied, and S is the area of the test

specimen to which the load is applied.

A load applied (Fax) is obtained using a hydraulic press machine with a loading capacity of 3000
KN according to the standard NF EN 12390-3. The loading rate applied in the compressive strength
tests was kept at 0.5 MPa/s until the rupture of the specimen, as shown in Figure I1.8.

(a) sample before testing

Figure I1.8. Test sample on a hydraulic press to determine the compressive strength.

11.5.4 Flexural strength

This test determines the flexural strength of hardened concrete using a hydraulic press machine
with a loading capacity of 3000 KN according to the standard NF EN 12390-6. The loading rate
applied in the compressive strength tests was kept at 0.05 MPa/s until the rupture of the specimen,
as shown in Figure I1.9.
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Each concrete type's flexural strength was prepared using equation (I1.3).
Rl i O i o R (IL.3)

Where R, is the flexural strength; Fimax 1s the max load applied; L is the gap between the support

rollers; and b, d is the lateral dimensions of the specimen.

(a) sample before testing (b) sample after testing

Figure I11.9. Test sample on a hydraulic press to determine the flexural strength.

11.5.5 Ultrasonic Pulse Velocity

Ultrasonic Pulse Velocity was considered a non-destructive method and widely used to evaluate
the quality of concrete. Ultrasonic Pulse Velocity tests were performed by NF EN 12504-4
standard. Ultrasonic Pulse Velocity test was based on the propagation of sound waves inside a
material through a pulse transmitter on one face of a specimen and receiving the wave on the
opposite face, which leads to measuring the time needed to spread the wave through the material.
Ultrasonic Pulse Velocity can be measured from the path length divided by the transit time using

the following equation (11.4):
V= LS s (1L.4)

Where v is the pulse velocity, | is the length of the sample, and s is the time, the Ultrasonic pulse

velocity device used is shown in Figure I1.10.
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Figure 11.10. Ultrasonic tester.
IL.5.6 Dynamic modulus of elasticity
The calculation principle of the dynamic modulus of elasticity is based on determining the

Ultrasonic Pulse Velocity (UPV) in composites. The dynamic modulus of elasticity is obtained
trom the following expression (Top¢u & Bilir, 2009), Eq. (5):

= 5% VAFITRI0) s (IL5)

Where Ed is the modulus of dynamic elasticity (GPa), V the UPV (kim/s), q is the density of the
material (kg/m®), and g is the gravitational acceleration (9.81 m/s?).

I1.5.7 Water accessible porosity
The test procedure followed was applied according to ASTM C642-06 [2006]. In order to arrive

at calculating the porosity, the principle of the technique is based on inferring the volume of voids

from the mass difference between the dry and saturated state.
The test required the following four weighings:

e Dry mass by the oven: drying at a temperature between (100 to 110) ° C, M1 (Figure I1.11a).

e Saturated mass after immersion - Immerse the test sample in water at 21 ° C, after final drying,
for at least 48 h. dry on the surface by removing the moisture from the surface with a towel and
determining the mass, M2 (Figure I1.11b).

e Saturated mass after boiling: Place the test tube in a suitable container, covered with tap water
and boil for 5 h. Leave to cool for at least 14 h until a final temperature of 20 to 25 © C. Wipe the

surface with a towel and determine the mass, M3 (Figure I1.11c¢).
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e Immersed apparent mass: Suspend the sample, after immersion and boiling, by a wire and
determine the apparent mass in water by a hydrostatic weighing. Designate this apparent mass M4

(Figure 11.11d).
Water accessible porosity (P) was calculated using equation (6):

P(O%5) = [(M3—MD)/ (M3 —MAY] K100 cociisonoossosmnssmisssssass (1L6)

(d) M4
Figure I1.11. Methods of conducting for conducting Water accessible porosity.

I11.5.8 Absorption of water
In this test, concrete specimens are immersed in water for 48 hours, and then water absorbed by
the sample is measured. Defines water absorption as a ratio of the water absorbed to the dry weight

of the test sample according to ASTM C642-06 [2006].

The following formula gives the absorption of water percentage of the sample:

Ab(%) = [(Ph=Ps)/ (Ps)] X 100 eovooeeeeeeeeceenn (1L7)

Ratio Absorption of water (Ab), Sample weight before water immersion (Ps), and sample weight

after immersion in water (Ph).
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IL.5.9 Shrinkage

All samples were prepared and kept once the molds were removed under standard conditions
(ambient temperature 20 °C 4 2 °C and relative humidity 50% =+ 2. Length measurements were
performed using a retractometer equipped with a dial gauge with a sensitivity of 1 um. The
shrinkage measurement is therefore carried out on prismatic test specimens of dimensions
(4x4x16) cm, according to the standard NFP 15-433. Specimens are equipped with metal studs at
each end and placed vertically in the strain gauge, which allows the monitoring of the variation in
the length of the sample. The shrinkage of each concrete is measured on two prisms every day

after demolding (Figure I11.12).

Let d€ (t): the value read on the comparator at time t.
L: the basic length taken is equal to 160 mm.

The specimen has a length at the considered time:

L= (L4AEM) oo (IL.8)
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IL.5.10 Scanning Electron Microscopy (SEM) analysis

This analysis is carried out at the physics laboratory of the University of Biskra using a scanning
microscope (Figure 11.13) to make a complete analysis of the microstructure of concretes. This test
aims to demonstrate the quantity and dimension of voids and the interface bond between

components.

(a) Sample place (b) Machine used to take SEM image
Figure I1.13. Scanning Electron Microscopy (SEM).

I11.6 Repair techniques and procedure

I11.6.1 Preparation of substrate surfaces

substrate components were mixed according to the standard NF EN 12390-2 (Standard, 2009).
Mix was then poured into the molds and covered with a wet wrapper (Figure 11.14a). The samples

were demolded after 24 hours, treated in water at room temperature 20 & 2 C° for 28 days (Figure
11.14b), and taken out for surface preparation.

(a) Pour the mixture into the moulds (b) Treat the samples in water for surface preparation

Figure I1.14. Substrates preparation.
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Four types of substrate surfaces were used in this study:

« Without surface preparation as reference (SR), as shown in Figure I1.15

Figure I1.15. Without surface preparation as reference (SR).

e Hand hammer (HA), this method is compatible with (Gadri & Guettala, 2017a, 2017b), where
the rough surface of the substrate is obtained using a hand hammer, shown in Figure 11.16

(b)
Figure 11.16. (a) Surface of the substrate using a hand hammer (HA) and (b) hand hammer.

e Sandblasting (SB) according to the following studies (Abo Sabah etal., 2019; Tayeh, Abu Bakar,
& Megat Johari, 2013; Tayeh, Abu Bakar, Megat Johari, et al., 2013b; Tayeh et al., 2014;
Valikhani et al., 2020).
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We sent the samples to the sandblasting machine site for substrate surface treatment. Sand particles
ranging in size from 300 mm to 2.36 mm were blasted onto substrate surfaces using a long nozzle
sandblasting machine at an applied pressure of 1000 kPa. Figure I1.17 shows the stages of obtaining
a sandblasting surface (SB)

(c) surface of the substrate using sandblasting (SB)

Figure I1L.17. Stages of obtaining a sandblasting surface (SB).
e Grooved (GR) 50 x 50 mm (Abo Sabah et al., 2019; Hota et al., 2015) (Figure II.18a).

Figure I1.18b depicts the surface of the acquired substrate and the process used to achieve the

treated surface using a stone rocket.
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Figure.ll.18. (a) Surface of the obtained substrate and (b) method of obtaining the treated
surface using a stone rocket.

I11.6.2 Application of the repair

After surface preparation, the substrates were allowed to dry for two months to be used as old
concrete (Momayez et al., 2005). Thus, the total duration before casting a repair material was 3

months; this duration for substrates NC corresponds to Tayeh et al. (Tayeh et al., 2012).

Before pouring repair material onto concrete substrates, concrete substrates surfaces were
moistened for 10 min and wiped with a clean cloth (Tayeh, Abu Bakar, & Megat Johari, 2013;
Tayeh, Abu Bakar, Megat Johari, et al., 2013a) as shown in Figure I1. 19a. Next, concrete substrates

samples were placed in molds for pouring concrete substrate onto the prepared surfaces Figure

I1.19b.

(a) (b)
Figure.l1.19. (a) Substrate fixing molds for repair materials, and (b) apply repair
materials to concrete Substrates.
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11.6.3 Curing of composites (NC and LMSC)

The composite specimens NC and LMSC were then placed dry environment until the day of the
test, as shown in Figure 11.20. According to (Kwan et al., 2015), storing modified cement
compounds in a dry and hot environment is more conducive to improving performance. The bi-
surface shear, splitting tensile, and pull-off tests were performed 7, 28, and 90 days after casting
the composites (NC and LMSC).

Figure.IL.20. Storage of composite samples (NC and LMSC).

I1.7 Adhesion tests of composites

IL.7.1. Bi-surface shear test

The bi-surface shear test was performed as a direct shear test to evaluate the bond strength between
the composite materials. The standard followed for testing was ASTM C39 (ASTM, 2012). The
load was applied steadily at arate of 0.5 MPa/s. The splitting prism specimens were 150 mm cubes.
The repair material (LMSC) constitutes one-third (50 mm), and the concrete substrate (NC) is two-

thirds (100 mm) of the specimen, as shown in Fig.I1.21. The bond strength was calculated using
Eq. (IL10).

Where c is the bond strength (MPa), P is the load at failure (N), b is the width of the specimen's

cross-section (mm), and d is the depth of the specimen's cross-section (mm).
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150 mm

S0 mm Sl mm 50 mm

Figure.l1.21. Bi-surface shear test.

I1.7.2. Splitting tensile test

The splitting tensile test was conducted to evaluate the bond strength between the NC substrate
and LMSC as an indirect tensile test according to ASTM C496 (ASTM, 1996). The test was
performed at a loading rate of 0.05 MPa/s. The specimens were 100 mm cubes with 50% repair
material and 50% concrete substrate (NC), as shown in Figure 11.22. The splitting tensile strength
was calculated using Eq. (IL.11).

Where T is the splitting tensile strength (MPa), P is the applied force (N), b 1s the width of the

specimen's cross-section (mm), and d is the depth of the specimen's cross-section (mm).

vye

NC |[LMSC

*Jli

5mm 5mm

Figure 11.22. Splitting tensile test.
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I1.7.3. Pull-off test

The pull-off test method is a tensile test used to evaluate the NC and LMSC composite's adhesion
strength according to standard ASTM D4541 (ASTM, 2009). The composite sample comprised 70
mm thick NC and 10 mm thick LMSC and the overall dimensions of 300 x 300 x 80 mm. A 50
mm diameter hole was drilled into the finished samples starting at the top with a depth of 25 mm
(10 mm in LMSC + 15 mm in NC), as shown in Figure 11.23(a). A 50 mm diameter steel disc was
then attached to the sample using high-strength glue, as shown in Figure 11.23 (b). The pull-off
bond strength (Spo) was calculated using Eq. (I11.12).

Ft
Spo = TF tTTTTTTeTTTTTTINTIeniieieeiiieiieiee I1.12

Where Ft is the tensile (pull-off) force at a failure (N), Af is the area of the fracture surface (mm?).

(b)

Steel disc

Core dnlied in added layer
Cut m added layer

Substrate

/ Insulating sheet
/T

Figure I11.23. Pull-off test.
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11.7.4. Microstructure of the NC-LMSC interface transition zone

This microstructure analysis aimed to study the Interface Transition Zone (ITZ) between the NC
and the LMSC using scanning Electron Microscopy (SEM). Samples were extracted from the ITZ
after 28 days of the age of the repair material. The prepared samples represent the transition zone

of all treated surfaces on the NC substrate.

11.8 Conclusion

This chapter deals with the materials used in concrete production and some of its most important
physical and chemical properties. The different mixtures' composition and production processes
are also identified and explained. Plus in this chapter, the mechanism of several tests to describe

the physical and mechanical performance of concrete is explained and illustrated.

Finally, we have provided a detailed overview of the repair techniques and procedures. We have
explained the approach for each adhesion test performed, with a complete presentation of the

different adhesion shapes and dimensions.
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CHAPTER 11I. RESULTS AND DISCUSSIONS OF THE PROPERTIES OF SAND CONCRETE

I11.1 Introduction

This chapter discusses the results of tests on sand concrete and normal concrete. The results of all

experiments are displayed in the form of tables or graphs.

In the beginning, the aim was to obtain a reference Sand Concrete (SC) for the basic composition
of sand, filler, water ratio and superplasticizer by conducting three tests: compressive strength,
flexural strength and ultrasonic pulse velocity, according to the results of the tests, the ideal
proportions of the basic composition of the sand concrete were determined for the mentioned

components.

The main objective of this chapter is to contribute to improving the properties of reference sand
concrete SC by using additives, sisal fibres and latex, by studying each addition alone, and then
selecting the ideal percentage for each addition and combining them for use as a repair material as
well as study the properties of Normal Concrete (NC) as substrate. The physical and mechanical
properties are studied by performing the following tests: flow, density, compressive strength,
flexural strength, ultrasonic pulse velocity (UPV), modulus of elasticity, water accessible porosity,
water absorption and shrinkage as well as microstructure analysis through scanning electron

microscopy (SEM).

111.2 Effect of the sand mixture and proportion of the filler on the properties of sand concrete

to determine the reference sand concrete (SC).
111.2.1 Determination of the sand mixture

Accordingly, we have determined the ideal proportions of the sand mixture by studying some of
its properties first by conducting three tests: compressive strength, flexural strength and ultrasonic
pulse velocity for five samples, as shown in Table III.1 and the results obtained for tests after 7

and 28 days are shown in Figure II1.1.
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40

35
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Table IIL.1: The results of concrete sand tests according to the proportions of sand after 7 and 28
days.

Compositions Compressive Strength Flexural Strength Ultrasonic Pulse Velocity

(MPa) (MPa) (m/s)
7 days 28 days 7days 28 days 7 days 28 days
100% RS 8.70 11.60 3.05 3.2 2650 2985
40% CS +60% RS 12.41 15.67 3.44 329 3160 3256.7
50% CS +50% RS 12.87 18 3.67 3.83 3160 3410
60% CS +40% RS 14.59 21.15 3.75 4.14 32233 3466.7
70% CS +30% RS 13.4 20.3 3.05 3.88 3190 3270
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(a) Compressive Strength test (b) Flexural Strength test

70% CS+30% RS

60% CS +40% RS

50% CS +50% RS

40% CS +60% RS

100% RS

v] 500 1000 1500 2000 2500 3000 3500 4000
UPV (m/s)

mUPV2B (mfs) ®mUPV7 (mfs)

(c) Ultrasonic Pulse Velocity test

Figure I11.1. Results of sand mixture determination tests.
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Based on the results obtained from the tests, the best result was for the sample 60% CS +40% RS;

therefore, it was considered the ideal ratio of the sand mixture.

The use of sand type in concrete has been the subject of many studies because of the increasing
demand for river sand, as the depletion of river sand has caused several environmental issues (J.
Zhang et al., 2020). The construction industry has identified various alternatives (Jose & Hossiney,
2016; X. Zhang et al., 2019). Crushed sand has been proposed as a partial alternative to river sand,
a type of limestone obtained from quarrying, as it provides continuous particle size distribution in

sand concrete (Gadri & Guettala, 2017a).

According to the study (Gadri & Guettala, 2017a), all the results were good when 100% crushed
sand was used to form sand concrete. This means that river sand can be dispensed with in the
formation of sandy concrete, which gives us prospects for solving an environmental problem
represented in dredging valleys to obtain construction sand, and quarry residues can also be

exploited by grinding them to obtain crushed sand.

111.2.2 Determination of the proportion of the filler (Limestone)

The addition of limestone filler to the basic composition of sand concrete is necessary because of
its importance in improving the structural compactness of the mixture, which leads to an increase
in compressive strength (Gadri, n.d.). Accordingly, we replaced an amount of sand for the mixture
60% CS +40% RS (0%F) with a filler of limestone where six percentages of limestone filler were

studied.

To obtain proper workability, Water and superplasticizer were determined experimentally based

on Concrete workability apparatus according to the following standard NF P18-452.

We have determined the ideal proportions of the limestone filler ratio by studying some of its
properties by conducting three tests: compressive strength, flexural strength and ultrasonic pulse
velocity for five samples, as shown in Table I11.2 and the results obtained for the tests after 7 and

28 days are shown in Figure I11.2.
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Table.IIL.2: The sand concrete compositions' results by the limestone filler and superplasticizer

ratio.

Compositions Compressive Strength Flexural Strength Ultrasonic Pulse Velocity

(MPa) (MPa) (m/s)

7 days 28 days 7 days 28 days 7 days 28 days
0% F 18.68 28.78 4.30 5.44 3583.33 3970
10% F 26.44 33.62 6.25 6.25 3823.33 4055.00
12.5%F 28.99 34.93 523 6.80 3900.00 4136.67
15%F 27.67 32.10 6.02 6.41 3853.33 4053.33
17.5%F 25.36 34.67 5.31 5.70 3736.67 4046.67
20% F 23.30 34.00 5.39 6.33 3793.33 4043.33
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(a) Compressive Strength test (b) Flexural Strength test
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3200 3400 3600 3800 4000 43200
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(c) Ultrasonic Pulse Velocity test

Figure I11.2. Results of proportion of the filler determination tests.
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According to the obtained results, 12.5% F was ideal for limestone filler; accordingly, the sample

12.5% F was adopted as the reference sand concrete (SC).

Adding fillers to sand concrete is suitable for sealing small voids created by sand, thereby
improving its properties (Chauvin & Grimaldi, 1988). Limestone filler results in more significant
stress on the granular structure and therefore has a good effect on most properties (Gadri &
Guettala, 2017a, 2017b). Furthermore, using limestone filler reduces the amount of cement used,
so the cement dosage is similar to that of normal concrete (Gadri & Guettala, 2017a). A study has

found that adding a l[imestone filler material reduced the concrete's shrinkage (Tanabe et al., 2008).

Furthermore, adding a superplasticizer to sand concrete is essential because it improves quality
and workability. Sand concrete requires more Water than regular concrete. Due to the size of the
small particles, a plasticizer was used to reduce the mixing of Water. A plasticizer helped improve
sand concrete's physical and mechanical properties and enhance its workability(Gadri & Guettala,

2017a, 2017b).

111.3 Influence of the incorporation of sisal fibres on physical and mechanical properties of

sand concrete (SC)
I11.3.1 Workability

The workability of all sand concrete samples with sisal fibers was calculated regarding flow time
under vibration and compared with the reference sand concrete (SC). All flow values for the

samples are shown in Figure II1.3.

It was observed that when the percentage of sisal fibres increased, the workability decreased due
to the composition and shape of the fibres that affected workability. (Siva Bala & Vaisakh, 2018)
Showed that workability decreased when sisal fibres were increased in self-compacting concrete.

Several studies show how adding fibre to the cement matrix affects workability (Gencel et al.,

2011; Neville & Brooks, 1987).
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Figure I11.3. Workability of sand concrete with sisal fiber compared to SC.

I11.3.2 Dry density

Density was measured for all mixtures at 28 days. When adding sisal fibres, the results obtained

in Figure I11.4 showed a lower density than the reference sand concrete (SC).

Whereas, the decrease percentages for sisal fibers 0.05%F, 0.10%F, 0.15%F and 0.20%F
respectively 14.03%, 16.74%, 18.10% and 19.46%. Vegetable fibers, including sisal fibers, are
characterized by low density (Campos et al., 2012). Most studies agree that introducing vegetable
fibers into concrete decreases density(Li et al., 2006; Taoukil et al., 2012).
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Figure 111.4. Dry density of sand concrete with sisal fiber compared to SC.
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I11.3.3 Compressive strength

The compressive strength was measured at 7, 28 and 90 d. Figure IILS shows all the results

obtained.

When sisal fibres were added to SC at four different ratios (0.05% F, 0.10% F, 0.15% F and
0.20% F) without any treatment, a general decrease in compressive strength was observed
compared with the reference SC. As the percentage of fibre increased, the compressive strength
decreased. This weakness often occurs when vegetable fibres are added, especially those that have
not been treated. Several studies show that the compressive strength of concrete decreases when
vegetable fibres are added (Ammari et al., 2020; Bederina, Gotteicha, et al., 2012; Zhou et al.,
1995).
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Figure I11.5. Compressive strength of sand concrete with sisal fiber compared to SC.

111.3.4 Flexural strength
Figure 1116 displays all the flexural strength results obtained for all samples at 7, 28, and 120 days.

An improvement in flexural strength was observed when adding unmodified sisal fibers at the
following rates: there was a good improvement in the flexural strength, Especially at 0.10% F as
the optimum ratio of sisal fibers, where the percentage of improvement was at 7, 28 and 90 days,

Compared to the reference sand concrete (SC) respectively (2.38%, 21.89% and 41.62%). Previous
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studies have shown that adding sisal fibers to concrete improves flexural strength (Nilsson, 1975;
Swift & Smith, 1978). In general, the addition of vegetable fibers in concrete and mortar had a role

in increasing tensile and flexural strength (Ammari et al., 2020).
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Figure I11.6. Flexural strength of sand concrete with sisal fiber compared to SC.

111.3.5 Ultrasonic Pulse Velocity (UPV)

UPV is a non-destructive test to find out the mechanical properties of concrete. Figure 111.7 shows

all the UPV values of the studied compounds at 7 and 28 days.

Where it becomes clear to us that when adding sisal fibers to unmodified sand concrete in the four
ratios: 0.05% F, 0.10% F, 0.15% F and 0.20% F, notice a decrease in the Ultrasonic pulse velocity.
The higher the fiber ratio, the lower the UPV. As the decrease was compared to reference sand

concrete SC was as follows (0.31%, 0.80%, 2% and 3.22%).

This decrease in the Ultrasonic pulse velocity propagation when adding untreated sisal fibers is
due to the nature of the cellulosic sisal fibers tissues and also the weak adhesion between the sisal
fibers and the cement matrix, which leads to voids and pores that contribute to reducing UPV,

Which can be observed through the microstructure.
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Figure I11.7. UPV of sand concrete with sisal fiber compared to SC.

111.3.6 Dynamic modulus of elasticity

Figure II1.8 shows the development of the dynamic modulus of the elasticity of the studied
compounds after 28 days.

As there is a clear relationship between elastic modulus and compressive strength, we can observe
that the lower the dynamic modulus of elasticity, the lower the compressive strength and vice

versa.

Figure 14 shows that the modulus of elasticity decreases as the percentage increases of the sisal
fibers. The percentage decrease in the dynamic modulus of elasticity was approximately 16.88%,
21.88%, 27% and 32.38% for samples 0.05% F, 0.10% F, 0.15% F and 0.20% F compared to
reference sand concrete SC, respectively. The weak bond between the matrix and the sisal fibrils

may also have contributed to this decrease, as demonstrated by the microstructure analysis.
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Figure I11.8. Dynamic modulus of elasticity of sand concrete with sisal fiber compared to SC.

111.3.7 Water-accessible porosity and Water absorption

The results of the tests obtained after 28 days of Water accessible porosity, as shown in Figure

I11.9 and Figure I11.10, show the samples' water absorption results.

The addition of sisal fibers in the following proportions 0.05% F, 0.10% F, 0.15% F and 0.20% F.
increased the porosity and absorption to Water of the samples. The higher the percentage of these
fibers in the samples, the greater the porosity and absorption of Water. This increase is due to the
porous network and void resulting from the poor adhesion of sisal fibers to the concrete matrix.
That can be illustrated by the microstructure and the porous network of the sisal fiber structure,
which is easily penetrated, especially since there has not been any treatment for sisal fiber of these
four mentioned ratios. (Soto Izquierdo et al., 2017) The water absorption rate of vegetable fibers
1s high due to weak permeable pores. There are many studies that prove that cement compounds

based on plant residues are characterized by high porosity (Aiqin et al., 1999; Bederina, Bouziani,

etal., 2012).
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Figure I11.9. Water accessible porosity of sand concrete with sisal fiber compared
to SC.
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Figure I11.10. Water absorption of sand concrete with sisal fiber compared to SC.

111.3.8. Shrinkage test

This test aims to monitor the dimensional variations in sample length over time from the moment
the sample is removed from its mould. The shrinkage of the studied samples is measured daily for
120 days, as shown in Figure I1I.11
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Compared with the reference SC, the shrinkage of the studied compounds decreases when sisal
fibres are added in the four ratios. The decrease rates recorded after 120 d, as shown in Fig.I11.12,
are approximately 6.22%, 10.44%, 6.67% and 2.22% at 0.05% F, 0.10% F, 0.15% F and 0.20% F,
respectively. The best percentage obtained from adding sisal fibre was 0.10% F, which gave the
lowest shrinkage value of 10.44% compared with the reference SC. The largest shrinkage was
observed in the first 30 days, followed by a slow shrinkage rate. (Liu et al., 2020) explained that

sisal fibre effectively decreased shrinkage when added to concrete.
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Figure I11.11. Evolution of shrinkage according to time of sand concrete with
sisal fiber compared to SC.
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Figure I11.12. Effect at 120 days- shrinkage of sand concrete with sisal fiber
compared to SC.

111.4 Effect of latex addition on the physical and mechanical properties of sand concrete (SC)
111.4.1 Workability

All flow values of samples are shown in Figure I11.13

When latex was added, the workability slightly decreased. This result agreed with (Barluenga &
Hernandez-Olivares, 2004) that workability decreased when the latex was increased. Based on the
flow values of all mixtures in this study, workability was acceptable according to the NF P 18-452
standard.
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Figure I11.13. Workability of latex-modified sand concrete compared to SC.
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111.4.2 Dry density

Figure I1I.14 shows the results when adding latex to sand concrete compared to SC after 28 days.
When the percentages of latex were increased, the density for 15% L, 25% L and 35% L decreased
by 17.19%, 18.55% and 19.46%, respectively. The density decreased with the increase of latex
because of the lower density of latex about mortar density (Barluenga & Hernandez-Olivares,
2004). (Wang et al., 2005 )also noted that the density decreased when the proportion of the SBR in

the slurry increased.
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Figure 111.14. Dry density of latex-modified sand concrete compared to SC.

111.4.3 Compressive strength

Figure II1.15 shows all the results obtained. The compressive strength of the samples was measured

at 7, 28 and 90 days.

With the addition of latex at three different proportions (15% L, 25% L and 35% L), the
compressive strength decreased when the latex dose was increased. This decrease could be due to
the polymeric nature of latex, which has less mechanical strength than SC components such as
sand, filler and cement. This result is to the finding of (Ukrainczyk & Rogina, 2013) that when latex
was added to the cement matrix, a decrease in compressive strength was observed due to the lower
mechanical capacitance of the SBR polymer compared with the cement matrix. (Barluenga &

Hernandez-Olivares, 2004) Also noted a decrease in compressive strength when latex was added.
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Figure I11.15. Compressive strength of latex-modified sand concrete compared to SC.

111.4.4 Flexural strength

The flexural strength of the samples was measured at 7, 28 and 90 days. Figure I11.16 shows all

the results obtained.

The addition of latex in the percentages of 15% L, 25% L and 35% L had a noticeable effect on
the increase in the flexural strength where the optimum latex ratio was at 35% L. At 7, 28 and 90
d, the improvement rates were compared with those of the reference SC (9.54%, 77.78% and
52.70%). These results are due to the important role of latex in improving the bond between the
sand concrete components, which contributed to the improvement of flexural strength. Ukrainczyk
et al. (Ukrainczyk & Rogina, 2013) added latex to the mortar after 1, 7 and 14 d and found an
improvement in the flexural strength compared with the reference mortar by 18%, 31% and 29%,
respectively. Furthermore, liquid-type SBR has significantly increased tensile and flexural strength
(Barluenga & Hernandez-Olivares, 2004; Ohama, 1987).
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Figure I11.16. Flexural strength of latex-modified sand concrete compared to SC.

111.4.5 Ultrasonic Pulse Velocity (UPV)

UPV is anon-destructive test conducted to determine the mechanical properties of concrete. Figure

I11.17 shows all the UPV values of the studied compounds at 7, 28 and 90 days.

When the latex emulsion was added to sand concrete, ultrasonic pulse velocity were reduced, as
shown in the presented results. The decrease in UPV when adding latex had a different reason than
that in fibre, where the rubbery nature of latex contributes to the reduction of UPV. This result
agrees with the study by Barluenga et al. (Barluenga & Hernandez-Olivares, 2004), who observed

a decrease in the UPV when latex was added to the cement matrix.

As this Ultrasonic Pulse Velocity decrease does not significantly affect the concrete quality,

according to Standard NF EN 12504-4, all samples are of the good concrete class.
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Figure I11.17. UPV of latex-modified sand concrete compared to SC.

111.4.6 Dynamic modulus of elasticity

Figure III.18 shows the development of the dynamic modulus of elasticity of the studied

compounds after 28 days.

The addition of latex affected the decrease of the dynamic modulus of elasticity. As expected, the
modulus of elasticity of the samples decreased with the increase of latex content. The percentage
decrease in the dynamic modulus of elasticity was approximately 32.02%, 43.50% and 53.05% for
compounds 15% L, 25% L and 35% L, respectively, compared with the reference SC. This
decrease in modulus of elasticity can be attributed to the latex polymer's lower hardness concerning
the SC components' hardness. (Ukrainczyk & Rogina, 2013)showed that the decrease in dynamic
modulus with increased latex content was due to a decrease in the polymer stiffness in relation to
the hardness of the mortar. Furthermore, (Grinys et al., 2020) found that adding latex to concrete
did not improve the modulus of elasticity. Many studies prove that the modulus of elasticity tends

to decrease with the increase of latex (Decter, 1997; Diab et al., 2013).
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Figure I11.18. Dynamic modulus of elasticity of latex-modified sand concrete compared to
SC.

111.4.7 Water-accessible porosity and Water absorption

The results of the tests obtained after 28 days of Water accessible porosity, as shown in Figure

I11.19, and Figure I11.20, show the samples' water absorption results.

The addition of latex emulsion at percentages of 15% L, 25% L and 35% L had an important role
in reducing the porosity and absorption to Water compared with the reference SC. For each
increase in the percentage of latex, a significant improvement in sand concrete was observed in
terms of porosity and water absorption, as we obtained the lowest porosity and water absorption
at 35% L. The addition of latex closes the fine cracks in the latex-modified SC by forming polymer
films, which prevent cracks from spreading. (Ohama, 1998) explained that polymer-modified
concrete has minimal water absorption because the pores were filled and sealed with the polymer
film, thereby decreasing the permeability of this type of concrete. Furthermore, several studies
have demonstrated a good reduction in the water absorption and permeability of the latex-modified

cement matrix (Diab et al., 2013; Noyori, 1997; Ukrainczyk & Rogina, 2013; Yang et al., 2009).
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Figure I11.19. Water-accessible porosity of latex-modified sand concrete compared to SC.
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Figure I11.20. Water absorption of latex-modified sand concrete compared to SC.

111.4.8. Shrinkage test

The shrinkage of the studied samples is measured daily for 120 days, as shown in Figure I11.21
This test aims to monitor the dimensional variations in sample length over time from when the

sample is removed from its mould.
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The addition of latex contributed to reducing shrinkage compared with the reference concrete. The
higher the percentage of the emulsion of latex, the greater the decrease in shrinkage, as the ideal
percentage in the sample was 35% L with an improvement of 6.22% compared with SC after 120
days, as shown in Figure I11.22. This improvement can be seen through the microstructure, where
the internal structure of the latex-modified SC has a dense microstructure and few voids that
contribute to shrinkage reduction. Furthermore, the latex helps prevent the water content of the
cement matrix from evaporating. This result is in accordance with several studies showing a

reduction in shrinkage with the addition of latex (Diab et al., 2013; Ohama, 1995).
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Figure 111.21. Evolution of shrinkage according to time of latex modified sand concrete
compared to SC.
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Figure 111.22. Effect at the 120 days- shrinkage of latex modified sand concrete compared to
8.
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I11.5 Study of the properties of the repair material (0.1% F + 35% L) and substrate (NC)
111.5.1 Compressive strength

Figure I11.23 shows the following samples: the ideal ratio of sisal fibers 0.1% F, the ideal ratio of
latex 35% L, latex combined with sisal fibers 0.1% F+35% L, reference sand concrete SC and

normal concrete substrate NC.

For the matrix in which sisal fibers were combined with latex 0.1% F + 35% L, an improvement
in compressive strength was observed compared to the addition of sisal and latex fibers alone. The
obtained value is similar for reference sand concrete at 28 and 90 days. This improvement is related
to the change that occurred. The sisal fibers inside the cement matrix when adding the latex, which
contributed to good adhesion between them, can be observed by microstructure analysis. Kundu
et al. (Kundu et al., 2018) combined jute fibers with latex in concrete paver blocks, resulting in
improved compressive strength estimated at 14.55% after 28 days compared to unmodified jute-
reinforced paver blocks. In addition, the compressive strength obtained for the concrete substrate

is within the required as shown in the obtained results.
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Figure 111.23. Compressive strength of repair material and substrate.
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I11.5.2 Flexural strength
Figure I11.24 shows the results obtained for flexural strength after 7, 28 and 90 days

The most important result from this study is that when the ideal proportions of sisal fibre and latex
were combined (0.1% F + 35% L), it gave better results when compared to 0.1% F and 35% L, an
excellent improvement in flexural strength was observed at 33.94%, 114.31% and 77.03%
compared with the reference SC at 7, 28 and 90 days. This significant improvement in flexural
strength can be explained by microstructure analysis. The adhesion between the fibre and the
cement matrix reduced the gaps and voids when the sisal fibre was combined with the latex. This
result also corresponds to the findings of Kundu et al. (Kundu et al., 2018) when jute fibres were
combined with latex, resulting in increased flexural strength in the cement matrix. Ribs (Rebeiz,
1995, 1996) found that adding polymers to a cement complex containing cellulose fibre would
achieve good strength within a short treatment period.
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Figure 111.24. Flexural strength of repair material and substrate.
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I11.5.3 Ultrasonic Pulse Velocity (UPV)

According to the evaluation of concrete quality according to the standard NF EN 12504-4 used in
this study, the results obtained from the UPV test of all samples were in the good concrete class,

as shown in Figure I11.25.

As (Chahour et al., 2017) explained, the acoustic properties of different materials can be measured
using UPV. Accordingly, the decrease in UPV without affecting the concrete quality is an essential
and positive feature regarding sound insulation. (Cheboub et al., 2020) It also indicated that UPV

values could be used to predict the sound insulation capacity of mortars.
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Figure 111.25. UPV of repair material and substrate.

111.5.4 Dynamic modulus of elasticity (Ed)

Figure II1.26 shows the development of the dynamic modulus of elasticity of the studied

compounds after 28 days.
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Due to a clear relationship between elastic modulus and compressive strength, we can observe that

the lower the dynamic modulus of elasticity, the lower the compressive strength and vice versa.

In general, adding latex and fibers to the cement matrix lowers the dynamic modulus of elasticity,
and according to the results obtained, adding latex and fibers together 0.1% F + 35% L increases
the dynamic modulus of elasticity if it is compared with both 0.1% F and 35% L as the obtained

results show.
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Figure I11.26. Ed of repair material and substrate.

I11.5.5 Water-accessible porosity and Water absorption

The addition of sisal and latex fibres (0.1% F + 35% L) in the same matrix had an important effect
that can be observed from the results, as shown in Figures I11.27 and 111.28. The addition greatly
contributed to reducing the porosity and water absorption in the latex-modified sand concrete with
0.1% F + 35% L compared with the sample added to the same percentage of sisal fibres without
latex 0.1% F.

This condition can also be explained by the microstructure analysis, as the addition of latex had an
effective role in the sand concrete, contributing to the reduction of voids and capillary pores and
also increasing the adhesion between the fibres and cement matrix. These improvements

contributed to reducing the water permeability of sand concrete.
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Figure I11.27. Water-accessible porosity of repair material and substrate.
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Figure I11.28. Water absorption of repair material and substrate.

I11.5.6. Shrinkage test

The shrinkage of the studied samples is measured daily for 120 days, as shown in Figure 111.29
and Figure 11130 Effect of different treatments on 120 days shrinkage.

The best improvement occurred when the same matrix combined sisal fibre and latex (0.1% F +
35% L). The shrinkage decreased by a reasonable rate, as the percentage at 120 days was 21.53%

compared with the reference sand concrete SC.
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This improvement in the latex-modified sand concrete with sisal fibre can be explained by looking
at the microstructure, which exhibited the strength of adhesion between the cement matrix and the
fibre as well as the lack of internal cracks and voids. The sample with 0.1% F + 35% L showed
the best result for most of the physical and mechanical properties obtained in this study, and
therefore, we expected the sample to obtain a low shrinkage value. Son and Yeon (Son & Yeon,
2012) showed that polymer-modified concrete could reduce evaporation, which led to reduced
shrinkage.
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Figure I11.29. Evolution of shrinkage according to time repair material and substrate.
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Figure I11.30. Effect at 120 days- shrinkage of repair material and substrate.
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I11.6 Microstructure analysis

The microstructure of four important samples was studied through SEM after mechanical
shattering tests, where samples were taken from inside the cement matrix to be similar to the
internal structure after 28 days of curing. The samples were as follows: the reference sand concrete
SC, the ideal ratio of sisal fibres (0.1% F) and latex (35% L), and the combination of sisal and
latex fibres (0.1% +35% L).

Fig. 19a shows the microstructure of the reference sand concrete SC. Some voids and interrupted
pores can be observed inside the microstructure. However, when 35% L was added to the cement
matrix, as Figure I11.3 I b shows, it significantly reduced the percentage of voids and the porousness
of the cement paste. This method also contributed to forming a polymer membrane inside the
cement matrix, which increased the bonding among all components. (Noyori, 1997) The latex-
modified concrete had a dense microstructure, fewer pores and a better bond between the granule
and cement matrix than the reference concrete. (Barluenga & Hernandez-Olivares, 2004) In the
binding phase, a modified polymer-cement matrix undergoes a polymer film-forming process. The
SBR contains a rigid styrene group and a flexible butadiene chain that helps to produce the
coherent polymer film and interpenetrating net structure with the cement grain (Jo et al., 2014).
Previous studies have shown that adding latex polymer as a concrete modifier improves the

microstructure (Lewis & Lewis, 1990; Ohama, 1997).

As shown in Figure II1.31c, a gap exists between the sisal fibre and cement matrix, indicating poor
surface-bonding adhesion between them, which increases the capillary porosity and thus
negatively affects some properties of the sand concrete. The most important improvement can be
observed when latex emulsion was added to the cement matrix containing sisal fibres as shown in
Figure I11.31d, where good adhesion occurred between the sisal fibre and the cement matrix, which
led to a reduction in the gaps and pores resulting from the lack of cohesion. This condition also
corresponds to the findings of (Kundu et al., 2018) when combining jute fibres with latex, where
good adhesion was observed between the fibre and the matrix. The fibre interface is important in
evaluating composites' physical and mechanical properties (Zhou et al., 1995). The mechanical
properties of a cement matrix are highly dependent on the microstructure condition (Z. A. Siddiqi,

R. Hameed, M. Saleem, Q. S. Khan, 2013).
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Most of the results obtained in this study of the physical and mechanical properties were the best
for the sample 0.1% F + 35% L. This condition indicates the compatibility between the

microstructure analysis and test results.
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Figure I11.31. SEM analysis of samples.
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111.7 Conclusion

The aim of this chapter, at the beginning, we determined the ideal proportions of the mixture of
crushed sand and river sand, which were as follows: 60% crushed sand + 40% river sand after
studying five different mixtures, followed by determining the ideal ratio to replace part of the sand
with limestone filling, by studying five Different ratios, where the ideal ratio of limestone filler
was 12.5% filler, in addition, the percentage of Water was 227.5 liters and the superplasticizer was
2% of cement in order to obtain the reference sand concrete SC, in order to improve its physical
and mechanical properties by adding sisal fibers and latex emulsion In order to obtain sandy
concrete with good properties to be used as a repair material, Based on the results obtained to
improve the properties of reference sand concrete SC by adding sisal fibres and latex at different
proportions, and then combining the optimal ratio of the two materials as a repair material, the

following conclusions are obtained:

e Adding sisal fibers in different proportions led to a good improvement in bending resistance
and also reduced the shrinkage percentage. Especially at 0.1% F, considered the ideal ratio of sisal
fibers, where the improvement value compared to the reference sand concrete for the flexural
strength was 41.62%, while the improvement rate for reduced shrinkage after 120 days was
10.44%.

e The addition of latex emulsion was instrumental in improving most of the physical and
mechanical properties of sand concrete, which was associated with the increase. The higher the
percentage, the better the most of the results were, as the ideal ratio for adding latex in our study
was 35%L.

e The addition of sisal fibers and the emulsion of latex in different proportions reduced the sand
concrete's density.

e The addition of latex to sand concrete containing sisal fibers is the treatment to improve the
function of the fibers within the cement matrix.

e Significant improvement in flexural strength of latex-modified sand concrete with sisal fibers
compared to reference sand concrete after 28 days reached 114.31%, and this improvement is
considered an important addition to the properties.

e The combination of sisal fibers and latex together 0.1% F + 35% L in the same sample led to a

important improvement in reducing the porosity and absorption to water ratio of the latex-modified
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sand concrete with sisal compared to the same sample without latex 0.1% F where the percentage
of reduced Water accessible porosity was 44.26%, and the percentage of Water absorption decrease
was 58.45%, respectively.

e This combination of latex and sisal fibers also contributed to a decrease in shrinkage compared
to the reference matrix, by about 21.53%.

e Microstructure using optical microscopy and SEM showed that the combination of sisal fibers
and latex together in the same cement matrix had an essential role in contributing to increasing the
adhesion of the fibers in the cement matrix, which contributes to reducing the pores and also
obtaining a more coherent and homogeneous compound between its components. This is in
agreement with the results obtained in our study.

e Aslight decrease in the compressive strength, Ultrasonic pulse velocity and dynamic modulus
of sand concrete with the addition of sisal fibers and latex in different proportions before merging,
but all the results obtained for these results are acceptable and fulfil the requirements.

e Study the physical and mechanical properties of the normal concrete substrate on which the
repair material will be applied.

e Finally, the combination of sisal fibres and latex in the same cement matrix generally improved
all the studied properties, and therefore it can be used as a new repair material. The next chapter

presents and discusses the results obtained using 0.1% F + 35% L (LMSC) as a repair material.
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CHAPTER 1V. EFFECTIVENESS OF BOND STRENGTH BETWEEN SAND CONCRETE AND NORMAL
CONCRETE

IV.1 Introduction

This chapter evaluates the bonding strength between Latex-Modified Sand Concrete reinforced
with sisal fibers (LMSC) as a repair material and Normal Concrete (NC) as a substrate where
different shapes and sizes will be used to assess the adhesion and type of failure mode between

LMSC and NC.

The association of new concrete as a repair material with old concrete results in a composite of
two materials with different mechanical and physical properties (Gadri & Guettala, 2017a). Thus,
the compatibility of the two components drives them to a successful and effective repair of the
concrete structure. The adaptability of the concrete structures' repair materials is an essential

parameter for long-term repair continuity (Gadri & Guettala, 2017a).

The interfacial transition zone (ITZ) between repair material and old concrete is the weakest part
of the repaired concrete complex (Tayeh, Bakar, et al., 2012). The ITZ between the old concrete
to be repaired and the repair material is essential for durability and better resistance to external
penetrations (Santos & Julio, 2011; Tayeh, Abu Bakar, et al., 2013b). The adhesion and bond
strength of the ITZ of the repair structure is essential to the performance and operation of the

structure (Abo Sabah et al., 2019; Farzad et al., 2019).

The main objective of this study is to ascertain the bond strength between LMSC and NC using
four different surfaces: without Surface preparation as Reference (SR), rough surface made with
Hand hammer (HA), Sandblasted (SB), and Grooved (GR). The bi-surface shear, splitting tensile,
and pull-off strength tests evaluated the bond strength. The microstructure of the interfacial

transition zone was also studied using Scanning Electron Microscopy (SEM).
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1V.2 Bi-surface shear strength

Table IV.1 presents values obtained from the bi-surface shear test for the composite specimens
and at different ages of the test. These results are for four various kinds of surfaces. For each tested
specimen, failure load was monitored, and bond strength, standard deviation (STD) and coefficient
of variation (COV) were determined. Four types of failure modes for bi-surface shear test
specimens was identified as shown in Figure IV.1 type A, which denotes pure interface failure;
type B, which stands for interface failure with partial substrate failure; type C, which stands for
interface failure with total substrate failure; and type D, which refers to substratum failure. While
Figure V.2 shows the correlation between the type of studied surfaces and the bond strength for

the bi-surface shear strength test in 7, 28 and 90 days.

For the SR, the mean measured shear Bi-surface strengths were 2.68, 3.74 and 4.69 MPa on days
7, 28, and 90, respectively. Where the interfaces bonding failed for most of the compounds at an
early age of 7 days, as shown in Figure IV.1.type A, but the results generally exhibit a gradual
increase in interfacial bond strength with the age of 28 and 90 days, as the failure mode was the
interface failure with the partial substrate failure shown in Figure IV.1.type B. As for the grooved
surtace, there was an improvement of 21.75% compared to the reference surface after 90 days,

while the failure mode was mixed between type A and type B, as shown in Figure IV.

While it can be said that the most important improvement was for the surface treated with hand
hammer and sandblasting, with an improvement rate of 63.33% and 50.32%, respectively,
compared to the reference surface after 90 days, and also the failure mode of most samples was of
type D as shown in Figure IV, this indicates the importance of roughness to have a good bond

between the NC and LMSC.

The results show that the bonding of the composite samples with rough interfaces is good and
coherent because most of the composite samples failed in the NC substrate. Many studies have
proven that the coarser surfaces of the interface are better in terms of bonding between the repair
material and the NC substrate (Gadri & Guettala, 2017a) get a rough surface best suited by hand
hammer, and (Tayeh et al., 2014) By sandblasting.

Therefore, it can be concluded that surface treatment of the substrate is essential to improve the

bonding strength between NC and LMSC. Also, the surface treated differently contributes to the
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bonding strength and adhesion in a short life compared to the unmodified surface (SR). This is
what the results obtained in this study showed. (Tayeh, Abu Bakar, et al., 2012) Surface

preparation has a strong influence on bond and adhesion.

Far from the importance of the roughness of concrete substrate surfaces in the mechanical bonding
between the composite, the nature of the repair material used has an important role in the chemical
bonding at the transitional region between the composite, it can be called a chemical mechanical
bond (Tayeh, Abu Bakar, et al., 2012). LMSC had an influential role in the bonding at the
transitional zone between the composite because it contains components that reinforced this
bonding, especially polymer latex, as it increased the bonding between the interface and also
contributed well to increasing the cohesion of the components of LMSC together by forming
polymeric networks that connect all components (Ramli et al., 2013). The improvement in
adhesion is mainly attributed to forming of a polymer film between the transition zone as it
contributes to bridging the pores and cracks at this interface (Mansur et al., 2009). This novel idea
of concrete, known as polymer-modified concrete, has greater physical qualities and endurance
than conventional cement concrete. Various polymers, such as latex polymer, increase the
properties of cement as a bonding agent (Jo, 2020) and it was demonstrated that when the latex
percentage in the concrete, the adhesive strength between the modified concrete and the concrete
substrate also increased (Benali & Ghomari, 2017). In addition, it improves the resistance to

external penetrations and increases the durability of cement composite (Yang et al., 2009a).

In addition, LMSC paste had an important role as it contributed to filling minute voids and cracks
by reaching the largest possible depth when touching the face of the concrete substrate due to the
small size of the aggregate as it does not exceed 5 mm in diameter and also because it contains

fine fillers.
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Table IV.1: Bi-surface shear test results.
7 days 28 days 90 days
Surface  Specimen Force Bond  Failure Force Bond  Failure Force Bond  Failure
treatment (KN) strength mode (KN) strength mode (KN) strength mode
(MPa) (MPa) (MPa)
SR SR1 26.1 2.61 A 314 3.14 A 47.7 4.77 B
SR2 25.3 2.53 A 42.6 4.26 B 43.9 4.39 B
SR3 29 2.9 A 38.2 3.82 B 49.1 4.91 B
Mean(MPa) 2.68 Mean(MPa) 3.74 Mean(MPa) 4.69
STD (MPa) 0.19 STD (MPa) 0.56 STD (MPa) 0.27
COV (%) 7.26 COV (%) 15.09 COV (%) 5.74
HA HAI 57.5 5.75 C 69.2 6.92 D 73.3 7.33 D
HA?2 513 5.13 0 64.7 6.47 D 77.1 7.71 D
HA3 60.1 6.01 D 66.3 6.63 D 79.3 7.93 D
Mean(MPa) 5.63 Mean(MPa) 6.67 Mean(MPa) 7.66
STD (MPa) 0.45 STD (MPa) 0.23 STD (MPa) 0.30
COV (%) 8.03 COV (%) 342 COV (%) 3.96
SB SB1 51.8 5.18 D 63 6.3 D 67.8 6.78 D
SB2 42.7 427 C 58.5 5.85 D 70.6 7.06 D
SB3 489 4.89 C 60.1 6.01 D 73.1 7.31 D
Mean(MPa) 478 Mean(MPa) 6.05 Mean(MPa) 7.05
STD (MPa) 046 STD (MPa) 0.23 STD (MPa) 0.27
COV (%) 9.73 COV (%) 3.77 COV (%) 3.76
GR GR1 33.12 331 A 49.6 4.96 C 56.16 5.62 C
GR2 36.26 3.63 B 42.8 4.28 C 59.5 5.95 D
GR3 34.33 343 B 47.22 4.72 € 55.73 5.57 C
Mean(MPa) 346 Mean(MPa) 4.65 Mean(MPa) 5
STD (MPa) 0.16 STD (MPa) 0.35 STD (MPa) 0.21
COV (%) 4.58 COV (%) 741 COV (%) 3.61
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Type C Type D

Figure IV.1. Failure of bi-surface shear specimens.
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IV.3 Splitting tensile strength

This experiment evaluates the bonding using the splitting test applied to cubic composites. Four

types of surface textures were used in this experiment: SR, GR, SB and HR.

The splitting tensile strength results of composite cube specimens are shown in Table IV.2. The
Figure V.3 shows the correlation between surface type and the bond strength of the bond for all
ages. The results showed that the surfaces with high roughness gave excellent results; they are the
surfaces treated with (HR) and (SB), where the average bond strength after 90 days was found to
equal 2.94 and 2.62 MPa, respectively.

A slight standard deviation for composite samples and all studied surfaces, confined between 0.06
and 0.21 MPa; A moderate (COV) between 3.21% and 11.04% was obtained. Also, little dispersion
is observed, showing that the results are accurate. This is consistent with the study by (Gadri &
Guettala, 2017a), who showed that when (COV) is less than 15%, the results are considered
accurate and significant. In general, failures modes are grouped into four types, namely as shown
in Figure IV.3. Type A: separation of the transition region of the composite, Type B: failure of the
transition region, with a thin layer of LMSC with different regions of the substrate, Type C: failure
of the mixed complex with an important layer of LMSC bound to different regions of the NC Type
D: Mixed failure of the composite showing bond and strong adhesion between NC and LMSC. As
evident from Table IV.2 and Figure IV.3, each compound shows a significant improvement in
splitting tensile strength with respect to surface roughness. Compared with (SR) surface, which is
considered a low-roughness surface, one can say that the relative increase in splitting tensile
strength is more significant in the case of high-roughness substrate surfaces. Where the surfaces
can be classified in terms of the bonding strength obtained from the results according to the quality
of the treated surface from the best to the least as follows: hand hammer, sandblasting, grooving
and the untreated reference surface, where the value of bond strength after 90 days was 2.94, 2.67,
2.17 and 1.53 MPa respectively. The percentage of improvement obtained compared to the
reference surface (SR) was as follows: 92.16% for (HA), 74.51% for (SB) and 41.83% for (GR).
Figure 7 shows the development of the splitting tensile strength of the composite cube specimens.
Where previous studies proved that the bond strength obtained from surface treatment by
sandblasting by Splitting tensile test is strong and gave excellent results (A. Garbacz et al., 2005;
Julio et al., 2004; Van Zijl & Stander, 2008), and this confirms the results obtained in this study.
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Several studies showed the effect of substrate surface roughness on bonding, consistent with the
results obtained (Gadri & Guettala, 2017a, 2017b; Tayeh, Abu Bakar, et al., 2013a; Tayeh, Bakar,
et al., 2013, 2012).

During the application of LMSC to concrete substrates, some physical and chemical reactions
occur between its components; after the curing period and the evaporation of the mixed water in
the LMSC, a network structure is obtained, in which the cement hydrate and the latex polymer
overlap to form a joint matrix and polymer film (Almesfer & Ingham, 2014; Anderson et al., 2003)
Improving the adherence of aggregates and sisal fibers to the cement putty. This will improve their
flexural strength, adhesion to various NC substrates, and durability while slowing water
permeability and spreading aggressive species (Khattab, 2014; Sikora et al., 2015).In addition to
the excellent wettability and workability of LMSC, which in turn increased the substrate's contact
surface, contributing to the improvement of the adhesion of LMSC to the NC substrate. Important
that the repair material has good workability that allows it to reach most of the contact surface

represented by the surface of the concrete substrate.(Benali & Ghomari, 2017; Courard et al., 2014)

Type C

Figure IV. 3. Failure of splitting tensile specimens.
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Table IV.2: Splitting tensile strength and failure mode of different composite cube specimens.

7 days 28 days 90 days
Surface  Specimen Force Bond  Failure Force Bond  Failure Force Bond  Failure
treatment (KN) strength mode (KN) strength mode (KN) strength mode
(MPa) (MPa) (MPa)
SR SR1 14.5 0.92 A 22.6 1.44 B 23.1 1.47 B
SR2 16.7 1.06 A 20.11 1.28 A 25.2 1.61 B
SR3 18.1 1.15 A 21.22 1.35 B 23.8 1.52 B
Mean(MPa) 1.05 Mean(MPa) 1.36 Mean(MPa) 1.53
STD (MPa) 0.12 STD (MPa) 0.08 STD (MPa) 0.07
COV (%) 11.04 COV (%) 5.85 COV (%) 4.45
HA HAI 24.2 1.54 C 38.76 2.47 D 44.12 2.81 D
HA2 26.56 1.69 C 36.6 2.33 D 46.43 2.96 D
HA3 27.77 1.77 c 40 2.55 D 47.7 3.04 D
Mean(MPa) 1.67 Mean(MPa) 245 Mean(MPa) 2.94
STD (MPa) 0.12 STD (MPa) 0.11 STD (MPa) 0.12
COV (%) 6.94 COV (%) 447 COV (%) 3.94
SB SB1 22,6 1.44 C 33.5 2.13 D 41.11 2.62 D
SB2 24.56 1.56 c 34.65 2.21 D 45.6 2.90 D
SB3 25.44 1.62 C 36 2.29 D 39 2.48 D
Mean(MPa) 1.54 Mean(MPa) 2.21 Mean(MPa) 2.67
STD (MPa) 0.09 STD (MPa) 0.08 STD (MPa) 0.21
COV (%) 6.01 COV (%) 3.60 COV (%) 8.04
GR GR1 18.7 1.19 B 28.54 1.82 B 31.97 2.04 @
GR2 20.33 1.29 B 30.43 1.94 C 34.35 2.19 C
GR3 21.5 1.37 B 29.6 1.89 C 36.1 2.30 D
Mean(MPa) 1.29 Mean(MPa) 1.88 Mean(MPa) 2.17
STD (MPa) 0.09 STD (MPa) 0.06 STD (MPa) 0.13
COV (%) 6.97 COV (%) 3.21 COV (%) 6.07
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1V 4. Pull off bond strength

Table IV.5 shows all the results obtained for assessing the samples' bond strength and failure
modes form using the pull-off test. For each age group, three samples were tested in addition to
calculating (SD) and (COV). As shown in Figure IV.5, the correlation was obtained between the
different surfaces and pull-off bond strength. Failure modes can be summed up in two types, as

Figure IV.6 shows, and they are:
- A: interfacial failure combined with minor NC substrate cracking or damage.
- B: substrate failure.

Table IV.5. Shows that the surfaces treated with (HR) gave better results for the pull-off bond
strengths compared to all the studied surfaces at all ages. The percentage of improvement obtained
by using the composite surfaces (HR) was better than (SR) in 7, 28, and 90 days by 36.31%,
40.49%, and 27%, respectively. However, the failure mode 1s cohesive for all ages, as shown in

Type B in Figure IV.5.

While, (SB) samples were in terms of bond strength slightly less than (HR) samples and better
than (GR) samples as they improved the bond strength compared to (SR) in 7, 28 and 90 days by
29.3%, 27.8% and 15.19%, respectively. The percentage of improvement for (GR) compared to
(SR) at 7, 28, and 90 days was 7.64%, 23.41% and 10.97%, respectively.

However, in this study, the bond strength obtained in the reference surface condition (SR) is
acceptable for The ACI concrete repair guide, as shown in Table IV.3. The bond strength of the
reference surface (SR) at 7, 28 and 90 days was equal to 1.57, 2.05 and 2.37 MPa, respectively.

Thus, according to the ACI concrete repair guide, sand concrete for all surfaces studied in this
paper can be considered based on the obtained bonding strength as good and satisfies the required
purpose.(Chynoweth et al., 1996; Sprinkel & Ozyildirim, 2000) . Moreover, Table V.4 evaluated
the bond strength of all studied surfaces. These results indicate that the bonding between NC and

the repair material is strong (Bonaldo et al., 2005; Momayez et al., 2005a)

Also, the test method has a role, according to (Naderi & Ghodousian, 2012) that the calculation of

the bond strength between two layers of concrete is greatly affected by choice of the test method.
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The pull-off test provides a more accurate measurement of the bond than other tests to obtain the

bond strength to avoid friction when conducting the test (Momayez et al., 2005b).

As the carboxylic acid interacts with cement hydrates containing calcium ions in the alkaline
environment, it can be argued that the latex polymer particles are attached to a tiny portion of the
acid, resulting in a strong link between the latex-modified cement matrix and the concrete

substrates (Mansur et al., 2009; Yang et al., 2009b).

Table I'V.3: Minimum acceptable bond strength range [ACI concrete repair guide] (Chynoweth et
al., 1996).

Description Days Bond strength (MPa)
1 0.5-1.0
Direct tensile bond 7 1.0-1.7
28 1.7-2.0

Table 1V.4: Quantitative bond quality in terms of bond strength (Sprinkel & Ozyildirim, 2000).

Bond quality  Bond strength, T (MPa)

Excellent =21
Very good 1.7-2.1
Good 1.4-1.7
Fair 0.7-1.4

Poor 0-0.7

Type A Type B
Figure 1V.5. Failure of Pull-off test.
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Table IV.5: Pull-off bond strength and failure modes of composite.
7 days 28 days 90 days
Surface  Specimen Force Bond  Failure Force Bond  Failure Force Bond  Failure
treatment (KN) strength  mode (KN) strength mode (KN) strength mode
(MPa) (MPa) (MPa)
SR SR1 2.83 1.44 A 3.91 1.99 B 4.53 2.31 B
SR2 3.14 1.6 A 4.02 2.05 B 5.14 2.62 B
SR3 3.28 1.67 A 4.12 2.1 B 4.26 0 i/ B
Mean(MPa) L.§¥ Mean(MPa) 2.05 Mean(MPa) 2.37
STD (MPa) 0.12 STD (MPa) 0.06 STD (MPa) 0.23
COV (%) 7.51 COV (%) 2.69 COV (%) 9.73
HA HA1 434 2.21 B 6.32 322 B 6.142625 3.13 B
HA2 4.02 2.05 B 5.44 2.77 B 5.514625 2.81 B
HA3 422 2.15 B 5.18 2.64 B 6.064125 3.09 B
Mean(MPa) 2.14 Mean(MPa) 2.88 Mean(MPa) 3.01
STD (MPa) 0.08 STD (MPa) 0.30 STD (MPa) 0.18
COV (%) 3.78 COV (%) 10.58 COV (%) 5.79
SB SB1 3.83 1.95 B 5.08 2.59 B 5.20 2.65 B
SB2 3.98 2.03 B o (4 2.61 B 5.36 2.73 B
SB3 4.12 2.1 B 5.24 2.67 B 5.515 2.81 B
Mean(MPa) 2.03 Mean(MPa) 2.62 Mean(MPa) 2.73
STD (MPa) 0.08 STD (MPa) 0.04 STD (MPa) 0.08
COV (%) 3.70 COV (%) 1.59 COV (%) 2.93
GR GRI1 3.47 1.77 B 4.82775 2.46 B 5.024 2.56 B
GR2 3.53 1.8 B 5.004375 2.55 B 5.161375 2.63 B
GR3 292 1.49 A 5.06325 2.58 B 5.279125 2.69 B
Mean(MPa) 1.69 Mean(MPa) 2.53 Mean(MPa) 2.63
STD (MPa) 0.17 STD (MPa) 0.06 STD (MPa) 0.07
COV (%) 10.14 COV (%) 247 COV (%) 2.48
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1V.4 Microstructure of the interface between NC and LMSC

Figure IV.7 shows the microstructure of the interface between the NC and the LMSC overlays for
all studied surfaces, namely SR, HA, SB and GR.

Observed that the interface transition area between NC and LMSC for HA and sandblasting
surfaces is dense, strong and clearly uniform as shown in Figures C and D. This is in line with the
results obtained from mechanical experiments, where it was proved that the best bonding strength
was for the surfaces treated with hand hammer and sandblasting. The analysed specimens were
taken from the composite specimens before any test. This is consistent with the study conducted
by (Tayeh et al., 2014) of the sandblasting surface, where the bonding was strong and dense when

studying the microstructure for the transition region of the composite.

While the interfacial transition zone for the GR surface and the reference surface was found, there
is a clear gap between the NC substrate and LMSC of the compound, as shown in Figures A and
B. Which affects the adhesion of the composite and thus reduces the bonding strength, and this has

also been proven in previous experiments.

And the more rough the surface, the larger the area for the interaction of polymer molecules and
cement hydrates in the transition region, thus the extreme adhesion and higher bonding strength.
It can be said that the latex polymer and cement hydrate can seep into the porous network of
concrete substrates and thus adhere firmly to the substrate surfaces (Benali & Ghomari, 2017;
Mansur et al., 2009). This improvement in adhesion is attributed to a chemical reaction between
the surfaces of the polymer molecules, calcium hydroxide (Ca(OH)2), which helps to form a
strongly interconnected network between the cement matrix components and also includes the
adhesion in the concrete substrate surface to improve the bonding strength. Also, the transition
region becomes denser over time due to this chemical reaction. The cement substrate should have
a rough surface to increase the contact surface and obtain good adhesion (Courard et al., 2014;

Andrzej Garbacz et al., 2006; Mirza et al., 2014).

Therefore, it can be concluded from studying the microstructure of the transition zone that the
adhesion between NC and LMSC depends greatly on the surface roughness. The higher the

roughness level, the stronger the bond strength.
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IV.5 Conclusions
Based on the results obtained in this chapter from the study of mechanical properties to assess the
bond strength, the results showed that Latex-Modified Sand Concrete reinforced with sisal fibers

(LMSC) appears to be a promising material for repairing and rehabilitating concrete constructions.

The bond strength of the Hand-hammered (HA) and Sandblasting (SB) surfaces bi-surface shear
test was substantial, as the interface failure occurred after the Normal Concrete (NC) substrate was
damaged. The NC first showed crushing and crushing before interface failure. The surfaces of HA
and SB showed the best bond strength in this test, reaching 7.66 and 7.31 MPa after 90 days,

respectively.

The splitting tensile strength results of composite cube specimens show that the less rough surfaces
have lower bond strength. Higher values recorded with composites on high-roughness surfaces
were observed, where the highest average strength was found to equal 2.94 MPa for the HA
surface. The results of the pull-off test showed that failure occurred in the substrates for most
samples at all test ages and achieved an excellent bonding according to the ACI Concrete Repair
Guide. The results showed that the HA treatment enhanced the bond strengths of the specimens

slightly higher than the SB and GR treatments at 7, 28, and 90 days.

The study of the microstructure using Scanning Electron Microscopy SEM showed the Interfacial
Transition Zone (ITZ) between the NC and LMSC that rough surfaces have strong adhesion and

bonding compared to less rough surfaces.

The results obtained from all mechanical experiments showed that the coarser surfaces had higher
bond strength, and therefore the results were compatible with all tests in terms of better surfaces:

HA, SB, GR and SR. Moreover, the test results showed that the bond strength increased with time.
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GENERAL CONCLUSION

The principal purpose of this study is to improve the properties of sand concrete to obtain an
optimal composition with better mechanical resistance and less shrinkage and use it as a repair
material; The durability of the repair is conditional on the durability of the repair material. The
main objective specified in this thesis relates, on the one hand, to the formulation and study of
sand concrete as a cementations repair material and, on the other hand, to the assessment of its
adaptability in interaction with ordinary concrete. The support and the level of adhesion between

these two materials upon contact all along the interfacial transition zone (IZT).

For the theoretical part, we relied on previous studies, which enabled us to form a state of
knowledge about sand concrete in terms of its history and components, in addition to studying its
physical and mechanical properties for some previous studies (characteristics and behaviour).
Also, some studies dealt with the problems of reforms and the phenomena that sustain them were
reviewed, Furthermore some standards for repair materials and the mechanisms for applying the

reforming material had been given more descriptive attention.

As for the experimental part, it presented the properties of all the materials used and the different
test methods to obtain the properties of the studied concrete. The mechanical and physical
properties of the different compositions of sandy concrete to obtain the appropriate composition
for the repair was studied. The experimental part also dealt with the presentation of experimental
techniques, including the curriculum followed in preparing the surfaces of the substrates and the
treatment mechanism of the combined compounds together, the bond strength between the

concrete substrate and the repair material was studied by conducting various tests.
Conclusions obtained in this study will be summarized as follows:

e Adding sisal fibres and latex emulsion at different proportions had a role in reducing the
density of the Sand Concrete (SC).

e A slight decrease in workability, compressive strength, Ultrasonic Pulse Velocity (UPV)
and dynamic modulus of SC with the addition of sisal fibres and latex was observed at
different proportions before merging. However, all the results obtained are acceptable and

fulfil the required levels of standard recommendations.
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e Adding sisal fibres and latex emulsion improves the flexural strength of SC, especially
when the sisal fibres are combined with the latex in the same cement matrix. A significant
improvement in the flexural strength of the LMSC compared with the reference SC after
28 days reached 114.31%. This improvement is considered an essential added value to the
properties.

e Combining sisal fibres and latex LMSC (0.1% F + 35% L) in the same sample led to an
essential improvement in reducing the porosity and water absorption ratio of the LMSC
compared with the same sample without latex (0.1% F). Where, the percentage of reduced
water-accessible porosity was 44.26%, and the ratio of water absorption decrease was
58.45%.

e Adding sisal fibre and latex contributed to the reduction of the shrinkage rate because a
good reduction was observed in shrinkage (by approximately 21.53%) of LMSC compared
with the reference SC.

e Adding latex to the SC that contained sisal fibres is a necessary treatment to enhance the
fibres role within the cement matrix.

e Studying the microstructure using Scanning Electron Microscopy (SEM) showed that the
combination of sisal fibre and latex in the same cement matrix contributed to the increased
adhesion of the fibres in the cement matrix, thereby reducing the pores and obtaining a
more coherent and homogeneous compound between its components. This confirm and
agreed well with the good results obtained in the present study.

e Combining sisal fibres and latex in the same cement matrix improved all the studied
properties. This result added to the improvement of SC, thereby opening new research
horizons for using the latex emulsion, especially for plant fibres that need treatment to
improve their function in various cement compounds.

e The bond strength of the treatment with hand hammer (HA) and grooved treatment (GR)
surfaces gave better performances, as observed from the bi-surface shear test. The interface
failure occurred after the normal concrete (NC) substrate was damaged. The NC substrate
first showed crushing before interface failure. The best bond strength obtained in this test
was 7.66 and 7.31 MPa after 90 days for HA and SB surfaces, respectively.

e The splitting tensile strength results of composite cube specimens showed that the less

rough surfaces had given lower bond strength. Higher values were recorded with

125



GENERAL CONCLUSION

composites having more rough surfaces, where the highest average strength was equal to
2.94 MPa for the HA surface.

e The results of the pull-off test showed that failure occurred in the substrates for most
samples at all testing ages and achieved perfect bonding according to the ACI concrete
repair guide. The results showed that the HA surface treatment enhanced the bond strengths
of the specimens slightly higher than the SB and GR surface treatment at 7, 28, and 90
days.

e The SEM microstructural study showed that the transition zone between the NC and LMSC
with higher rough surfaces has strong adhesion and bonding compared to less rough
surfaces.

e The results obtained from all mechanical experiments showed that the coarser surfaces had
higher bond strength in such order. HA, SB, GR, and SR, respectively. Moreover, the results
of the tests showed that the bond strength increased with time.

e Finally, based on the results of this study, latex-modified sand concrete reinforced with
sisal fibers (LMSC) is repair material for concrete structures of class R3 Structural

according to standard NF EN 1504-3.
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PERSPECTIVES

On the highlights of the present thesis, multiple perspectives could be drawn for future work:

Study sand concrete's mechanical behaviour (stress-strain, load-deflection, elastic

v

modulus).

Study of the durability in the aggressive environment of sand concrete.

v

Study of the thermo-physical performance of sand concrete.

v

» Study the effect of different surface treatments on the bond strength of LMSC.
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