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2 Engineered cementitious composite
3 Fiber reinforced concrete
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Fig. 1. Schematic uniaxial tensile stress vs. deformation curves of plain concrete, FRCC, and ECC |2]

bglsee o] Juols 48 ol oss Glas! laailseas 5 50,8 IECC )
b5 lade [V] Cunl Jsomo (5o b duslie oyt Sleww dlge jlade b
Foe 42 g sl QLB e S8 cage ECC s Sloww dlge
g odigd Cous (1,5 )18 jor (slp comizmed 5 35die0 ol 53 Sl
2 VT sl ygpe Sl ol ) Slopw s (Sojix Sl
aldje) oSy olse b Mo b plows yrad I 58 5 BCC Slge g8l
24 Sl o st 1 3 p S s BAT (o] g e 5
@ ey loges e Sl (g2 BB pobo 4 ¢ Jgame (yu b dvulie
2 e S350, 5l (S ol s [A] G ol s T 93 Lawgio b
et polaite & (Jameluns ) (9000 QI 9 W sanjp il
loidlo Cato ) Slaww Cojorls g8 ol ) odlatul juiy 4> o
03 3l i il Olgis 4 (eyies 3 9 (Vois pdlas I eslitl
[F1o9800 lsie Oloww
5 "ol S uSle ¢ Same (53438 Dlge 5l ALBIS gamd ai>
Oloss 0jg 3 e iSile plgie 4 TS ol g0y g0yl
ool Sloww (slmodyglyd g oy p Cute BT g Llje il L &
dxgi 3y50 0 BCC jo slgo opl 5l eolaiwl pud] sla Juo 5o .ol oids
5 6oL S b ploss I (odsu (03Kl sl 48515 | Kimggy

Cato Sl AT JLd 41 5 Glog By (2alS el 6518 pal g0,y

1 Flyash (FA)
2 Blast furnace slag (BFS)

Cojels g5 cnl il odlatwl & (g5 o0 ECC (slod )5 (2 iotee S|
o g 4 peiily spladlo (o gladly (ileg) calo > SU
1o b glojlo slalell cils ;3 ECC 1 oolitl 5,8 0, laojls
ECC (slojlo (slas )8y ogMe ams jzalS | byl slol w195 o (o3L;
st 4 4oyl slaojl (sl Ll saY (lsis & ol 1 i
Ored 38 odlatul 35 Wad,She (53,65 | oS ele g plgs (Al
()PS5 plp Vb Caglie 9 ECC (VL (55l o 4 a257 L
[F] 558 oslial o3l 53 (551 Ol el lgie 4 o 51 lgiee

o3zl p ST jolaie ) (ECC ond (pwdine (Sloww Cujosels pb
18] sl 008 5 cbglie )b 5] 3 pasilSio 5550 Jgo! ]
Jgse s & JSU g (L GUI 51 Jgeme 5k 4 ECC il
56 sremeljpe o pollae g o odlitul ] YL (satiumin
CanSi Sy p il g aded el lygnily SWI ) eslinl
1 oasude dlle oyl 55 1058 adllas U1 loge (slacy ool
5 gliza slaled 5 hogmisl GUI sols Sloms (slacy jomels’ &5
s Slom glocyjoels & Cuns (g Culd 5 SO olss
2ol b pgllae g 500 )8 (e (O] ditas Jl3)05 5 SUI Lo
SYI Slosw (lacyjonls Sl 580 slayiall 5 cnsls (olgs
5 Aoy ¥ U GUI poes ioljal as” oy lis ylogy b SUI gl
0l 9 Cunss Lolss dge el o ke VY B SUI Job 238!
{719,5 o0 (BN Slows sl jopels SilSog S

Yy



ot Halo g 3y sl ol 4 as g b @l gb ol 485 )8
PO PRPVI | I VoS POV SR Y] KESI SN P PENR ] J AR PES
5 wdlbied el e 2 Sl S g gl o5 il g
o 39U L 1pSB odd )55 4 @l 5 Elgl e ]
w4 o Slas oyl cad oS Wb o Db 1y Al les 5,8l culild
38des )l (St s )3 $U (raw sy Sy 9 JSS w0k
DF 5 W] Sl le Sl jed 50 @l)d ol &5, s

sl i NVoi (iSly (b 53 chun Gl melS g -l
el oyl b (Sly o)lB b Wlgie TS s (Y5
35 oo b5 yte Sliaes Sl padS 55 4 LSy )0

Ly gl 0fles b I Ggpuliin (iSTy dsugi 0
oo 41 9 (€M g VT d) Sl okl waw 59y 2 (5353
g 03d Gloww O aw 15 S b 4 e Jlb g YU ofy v
> Wlgi o (gmalyied £958 1 G gl Sl p3 polal (e
aim il ) O g lasms 0l LiiSTy bsgs s0dg5 Y guamo

Wlg¥ o 0y sl Ald sl o 4 lyd bz SaiS p 9U Sl-0
Ol el jolad (gl yden CYgame (gyiegl 78 9 S5 )0
Aol oS ) ol ial33l 4 8oyl ol 5l g 15,5 )5 lyan

Slosws et ) cawlie mjei b @) gl gyl Ay Jyus -
Ogeliden i1y (b 53 oad g slaysh (e )3 5 g9y 2 Wl oo
sy §) pe csliysly 2 yltd sl g 5 (glalas sl | g 4, 15
el 55 ol byl e

of bole 4 e $U (39531 45T S i e 40X ol 4
SS9y Jobmo b o (Vb ogasie g S & 45 23,50 sl
Sl SS9 93,5 S5 o g Ble )3 39250 Sl s
9 Glow ed HlBLw 1515 el cules 0 g les Wi Jglomols S
Sbul 4 ot b Shg (nl 235 o Cunglio Gl g (e (ialS
ORIl s (IS g (et g (65liS Cunglie ialjSl alex I placy o
S5 ok (Ol S pddel drgs BB lS il plp 3 o Ceeglie
33,5 i S & @ e (alend Slge ol 5 g o IS (15 35 ]

8y b (S Slos lacajonels J > g9 gl ol 5
e Sl aals jolate 4 )] )3 a8 ol o 1)) i3S Sgbcsu
Wle Gloww n3Kle (SYoie dlge I iglosw Sl oolital aoecin

5 Calcium silicate hydrate (C3S2H3)
6 Silicon dioxide (Si02)
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7  Cohesive stress
8  Aggregate bridging action
9  Fracture Process Zone (FPZ)
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Polypropylene (PP)
Polyvinyl alcohol (PVA)
Xu and Reinhardt

Initial cracking

Stable crack propagation
Unstable crack propagation
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Fig. 2. Graphical representation of points on the P-CMOD or P-6 curve in the double -k model
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7  Photo elastic coating

8  Laser interferometry

9 X-Ray Diffraction (XRD)

10 Scanning Electron Microscope (SEM)
11 Amorphous
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Fig. 3. The XRD pattern of nano-silica
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Table 1. The physical properties of cement and GGBFS
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Table 2. Chemical properties of cement, GGBFS, nano-silica, and limestone powder
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Table 3. The properties of polypropylene fibers
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Table 4. Properties of superplasticizer manufactured by ABAPLAST company called SRT-2912

gy sloged o

sl IS

VA
3,
5 -0
bt e
WY

(gr/em3) gegaro )39
A os
PH
Jldl az 50
Slozxil 4z yo

055 S Cums 1 LSl o S 53 Tlan (439 (Wl 0 e U Dgliso Lo (1,15 (AU Sloww Cojaals baldeo = ,b .0 Jouo

Table 5. Mixtures of fiber-reinforced cementitious composites containing different amounts of nano-silica (material
weight per 1m3 of composite)
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Ultra Sonication
Surfactant
5  Ultrasonic Homogenizer
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Fig. 5. Mixing water and nano-silica using an ultrasonic homogenizer
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Fig. 6. The flow slump test of fiber-reinforced cementitious composite at the fresh state
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Fig.7. The pattern of random points on the beam's surface

Fig. 8. The four-point bending test setup and the camera for taking consecutive pictures
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Fig. 9. The amount of crack opening displacement due to specific loading
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Table 6. The results of Slump flow test for the mixtures containing different percentages of nano-silica
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Fig. 10. The amounts of compressive strength in samples with different percentages of nano-silica
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Fig. 11. The failure modes of compressive samples
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Fig. 12. The load vs displacement curves of specimens containing different percentages of nano-silica
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Table 7. the amounts of maximum load and flexural strength in the mixtures containing different percentages
of nano-silica
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Fig. 13. The amounts of maximum loads in the four-point bending tests on samples containing different
percentages of nano-silica
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Fig. 14. The amounts of flexural strength in the four-point bending tests on samples contaning different percentages
of nano-silica
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Fig. 15. monitoring the crack initiation and the growing stages of crack growth using the digital image correlation
(DIC) technique
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Table 8. The amounts of the first cracking load, the maximum load, and their corresponding crack mouth
opening displacement
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Fig. 16. The amounts of unstable fracture toughness, initial fracture toughness, and cohesive toughness in
specimens containing different amounts of nano-silica
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Table 9. The amounts of fracture properties of fiber-reinforced cementitious composites using the double-K
fracture model
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Fig. 17. Dimensionless brittleness number of specimens containing different percentages of nano-silica
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