g5 = pole de
oo Olies pudige
WA Jle 0 o less ‘rﬂm ISYH

(ECC) (wwign (Siloww 0Ty 90l p199 g (Sl (0195 (L)

s sogb 35 " les Hheo o

u)’\nf OKA:@.\) 4@.@ GM‘) gu\jw cjjf )l?ju.‘.) —\

Q)’\S OK.;J.\J cd‘Jaﬁ w.«\».@ﬁ ..L.::)\ JALV.::)LS —Y

*sadrmomtazi@yahoo.com

[V iy

[0/ A/ 4T3l 53 sy 6

o>

S S5 edish G — S ) s el Vo (gl S 5 i3S Caslin b e 035513 o5 (BCC) sl ige lons Zu5ulS

o3l & e 53l o g oS 34 0 e O ol ol Ao Sl et 5 (ES lask lesl 1 53 03 28 5 s (SlaS 5 sl 4 sdae
Olge 4 (s3k eSbe /538 al sl ) ides osle 53 (55l ECC ko slalshova plss 5 (SSKe ol oIS (2ass cnl 53 ol 0 O 5
sy ool Sl (gl ol gl oS sls LS @Lﬁ Ldd bl (labts g, / pmdken asle) FHECCO R Olaww 35 3l 250 u:'}<:'l"
S by 4l o 0dipd S = 255 015 550 00 VL2 Shes e 5 BB 5k sl (ol slabgliie baslis o Sl SO cuslis
s St s S AL (S S ek s Caslia IS O edd S 358 plas o lal il S3ECC (slab s 3 Shae isls 0L 35
ECC slab gl odits (528 Coaglis dloms (sl 25 nl 53 35 (3L Sl o)l Soppo 0 oS Blod 5 03 S5 opllas (6 Ko ot
P SialesT 5 slgidy O Kinss daws 4 0l oalind gladis Kos 4 Cons (Soglite andin) Lk Jibe

plsil IS l 4l el ool G S gladle

[1,2] el 4 §
S gl iy g5 BCC) add wtige Jloww (slacy sl
b b (sl 48 At il g S sl (slay 5 5elS
ijb)?dj)ekﬁw&;)b)}.ybﬁ&;
DS b bl (g SoenS 5 S5 S a3 Sl B s
/0 U /V a)j.bu: )) LJQ\ /V L5Q'>"'> )‘-'L‘;" A"".’.“:’*t‘." L' (PVA>

(.s_BL“.” 4 CL«A L;)Lw:w 6@%)}:}&5 L [3 ,4] k;Mﬂ\ ol ‘jﬁ)\;

135

250 VLTIV B0 iy Jde 2 S o Jle b 0 (5,80 3100

ol o (Sl ol ek pdige o a5 1 SIS OB 319

Ao -
S o 5355 LS by a4 Ol 8 e o cind sdes
U85 S Ol a0 (SSa J, 58 o)l b gy S35
el 3 (Y 5 s el Sl el e 3 Shee sl
Slawal 5 el dlys 4 by oK 51 (ol
G oy 5 o hns s Ses @ Ole b s
53315 i oS by 4 b s ollasls Sk, 5 BASL e


mailto:*sadrmomtazi@yahoo.com

ol e s ke s Je

e Ploe S50 el 5 SO ol oL

S o Ul 4y s 2l Sl i plS Siled 5 ) S

Multiple-
HPFRCC Ccracking
N Fiber ittt i g
T Intensive
3 B 1 = — o
strain - hardening S4 E | erac]
(Multiple-cracking) Wi Al i
Opc pm====== A m -
Gle \

‘ =. £
N [Fiber concete | .
Opening crack

Fig. 1 Schematic behavior of fiber reinforced cementitious
composites under direct tension [9]
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Fig. 2 Curve of strain hardening behavior of composites o (lighting
area: energy supplementation [J'b] and dark shadow area show:
crack a tip bear [Jsp]) [5].
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Table 2. ECC mixture design
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FA-SS 535 2.87
FA-RS 515 35
SL-SS 480 -
SL-RS 470

Table 3: Results of ECC mixtures slump and Tsq
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Compressive strength Deflection corresponding to different
. (MPa) Flexural strength (MP2) stages of loading (mm) Ener_gy Toughness

Mix ID - - KN-)failure .

7 days 28 days 7 days 28 days First Ultimate Rupture (mm index

crack strength

FA-SS 274 55.3 10.2 12.3 042 5.46 36 495 39
FA-RS 245 495 8.8 11.25 044 445 5.27 374 29.6
SL-SS 30.7 738 131 151 0.46 12 2 19.8 74
SL-RS 265 635 10.8 135 0.56 16 22 16.5 13

Table. 4. Summarizes results of mechanical properties
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Abstract:

One major weakness of concrete is the brittle fracture behavior in tension, with low tensile strength and ductility.
This brittleness has been recognized as a bottleneck hindering structural performances in terms of safety, durability
and sustainability. The lack of structural ductility is due to brittle nature of concrete in tension which may lead to loss
of structural integrity. Many infrastructure deterioration problems and failures can be traced back to the cracking and
brittle nature of concrete. Many attempts have been made in recent years to overcome these problems. To effectively
solve these severe problems in recent decades, a new type of composite, called Engineered Cementitious Composites
(ECC), reducing the brittle behavior of concrete, has been developed. ECC with its flexible processing has emerged
from laboratory testing to field applications leading to speedy construction, reduced maintenance and a longer life
span for structures. Micromechanical design allows optimization of ECC for high performance, resulting in extreme
tensile strain capacity, while minimizing the amount of reinforcing fibers typically to less than 2% of volume.
Tensile strain capacity exceeding 5% has been demonstrated on ECC reinforced with polyethylene and polyvinyl
alcohol (PVA) fibers. Unlike ordinary cement-based materials, ECC strain hardens after first cracking, similar to a
ductile metal, and demonstrates a strain capacity 350 to 550 times greater than normal concrete. Even at large
imposed deformation, crack widths of ECC remain small, i.e. less than 80 um. With intrinsically tight crack width
and high tensile ductility, ECC represents a new generation of high performance concrete (HPC) material that offers
significant potential to naturally resolving the durability problem of reinforced concrete structures. In the past few
decades, substitution of mineral admixtures, such as fly ash (FA) and Ground Blast-Furnace Slag (GBFS), has been
of great interest and gradually applied to practical applications of ECC. It has been found that incorporating high
amount of FA can reduce the matrix toughness and improve the robustness of ECC in terms of tensile ductility.
Additionally, Unhydrated FA particles with small particle size and smooth spherical shape serve as filler particles
resulting in higher compactness of the fiber/matrix interface transition zone that leads to a higher frictional bonding.
This aids in reducing the steady-state crack width beneficial for long-term durability of the structure. In this study,
the workability, mechanical properties and durability of ECC different mixtures contains two mineral materials (slag
/ fly ash) as to replace part of the cement weight and two types aggregate (Silica/ River sand) were evaluated. The
results showed that mixtures containing fly ash, despite their lower mechanical strength compared to mixtures
containing slag, have significantly higher performance in strain-hardening behavior at post-cracking portion. ECC
mixtures performance was appropriate in the durability test (Rapid chloride penetration, Electrical Specific
Resistivity, Drying Shrinkage and Accelerated Reinforcement Corrosion) and formed slag fly ash. In this study, in
order to calculate the direct tensile strength of ECC mixtures, a new model with different geometry -compared to
other models used by previous researchers- ws proposed and tested. Results showed that the tensile strength,
measured in the new model, was 10% to 17% higher compared to the previous models

Keywords: Engineered cementitious composites, Mechanical properties, durability
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