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ABSTRACT

Fibre reinforced concrete (FRC) presently utilizeda part of special structures subjected to dynéais for example airport
pavements, expressways overlays, bridge decks antine foundations. In most cases, FRC containsjssgle kind of fibre.
The utilization of at least two kinds of fibresam appropriate mix can possibly improve the medatamproperties of concrete
and result in performance synergy. The audit destnates that the blend of fibre allows a more péuleontrol of the dynamic
crack development. This review analyses the compusni®r synergistic impacts that gives directiontba fiber and matrix

choice.

1. INTRODUCTION

Conventional concrete is comprised of cement, agges,
water and with or without admixture and blendingeoéry
one of these materials gives a composite maténahost
of the structure, concrete is used as major coctsbru
material. It is very good in compression but weak o
tension. One vital constraint of conventional cetey even
of good quality, is the presence of micro-craclkmikaries
and micro-capillaries.

Concrete has a quasi-brittle failure; once failisranitiated
the load carrying capacity is completely lost. Huzlition

of steel fibres is a common practice used to improv
concrete performance. Polypropylene fibre is atikelly
new construction material and has been introdueced t
overcome some of the weak points of concrete, @lbec
its low tensile strength, and the cracking thatusseither
due to drying shrinkage, or plastic shrinkage. tfpesk
ductility behaviour is enhanced by fibre in conerdt also
improves pre-crack fatigue and tensile strength farther
eliminates temperature and shrinkage crack.

The term hybrid regularly alludes to composite rand

comprises of material with numerous properties. 0be
more than one fibre helps to eliminate the deficies in

concrete.

The concept of using one or more fibre in concietalled
hybridisation the combination of different mategpabperty

are used to form a composite composition and géyera
termed as a hybrid. The hybrid composites in cdecre
improve the overall performance of concrete.

Hybrid fibre-reinforced concrete (HyFRC) is a catsgof
FRC portrayed by its composition. It comprises Besl
than at least two sorts of fibres of various siztgpes or
geneses. HyFRC is a composite material comprising o
hydraulic cement, sand, coarse aggregate watenrend
than one type of fibres. Hybrid composite fibre cte
has wide applications as secondary reinforcemergdant
years because of their property to resist micrdeatn
case of Polypropylene fibre (PPF) and steel fibres
optimization of mechanical and conductivity propestcan

be realized by amalgamating different types, kinaisd
sizes of fibres.

A mixture of organic and inorganic fibres can biéized in
producing Cement-based composites which can shew th
benefits of bothThe high impact strength resulting from
nylon and polypropylene will allow stability for ng
period of time when normally used. Enhanced peréomce

in bending may be attainable with organic fibres by
refining the transfer of stresses to the fibresulilizing
higher volume fractionNalton & Majumdar, 1975)

It has appeared in the past (Bentur & Mindess, 2006
Mobasher & Li, 1996; Guodong Xu & Hannant, 19923tth
by utilizing the possibility of hybridization withtwo
particular fibers joined in a typical cement matrike
hybrid composite can offer all the more engagingding
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properties in light of the way that the proximitlyame fiber
empowers the more gainful utilization of the latent
properties of the other fiber.

The hybrid composites envisaged by researchers
(Bindiganavile & Banthia, 2001; C. Qian & Stroeven,
2000; C. X. Qian & Stroeven, 2000) were primarigntred
around cement paste or mortar. The mechanical piepe
of hybrid fibre- strengthened concrete at low fibmume
fraction have not been examined beforehand. Duittireg
early phase of this decade research into HyFRCbkas
fairly frequent. By using hybrid fibres in a conrenixture
the similar properties of concrete can be accometisas
those appeared by standard fibre fortified condoetewith

a smaller amount of fibres addition.

2. HYBRID FIBER SYNERGY

“In well-designed hybrid composites, there is aifas
interaction between the fibres and the resultindpriay
performance exceeds the sum of individual fibre
performances”. This phenomenon is often termed
“Synergy” (Balaguru & Shah, 1992; Bentur & Mindess,
2006; G. Xu, Magnani, & Hannant, 1998). Many fibre
combinations may provide ‘Synergy’ with the most
commonly recognized being

»  Hybrids based on fibre constitutive response: One
kind of fibre involved in the Hybrid improves the
primary crack stress and ultimate strength as it is
stronger and stiffer while the other fibre enhartbes
durability and strain limit in the post-crackingreo
as it is more flexible and ductile

»  Hybrids based on fibre dimensions: one kind oféibr
involved in Hybrid is smaller that controls the
development of macro-cracks span while the other
fibre is larger which can capture the spreadingrmac
cracks for enhancing the durability of the compasit

»  Hybrids based on fibre function: One kind of filise
proposed to enhance the fresh and early age
properties, for example, the simplicity of creatammd
plastic shrinkage, while the second fibre leads to
enhanced mechanical properties. In other words,
hybrids based on distinctive durability properties.
The strength and/or toughness retention properties
with age are enhanced by the presence of the @urabl
fibre.

2.1. Researches on Fiber Synergy with Hybrids Based
on Polypropylene Fiber

Early researches in the past are based on thefidatibn

of the fibre combination that produced the maximum
synergy. In one such studgiN. Banthia & Sheng, 1990)
combined/pooled carbon fibres with a low modulus of
elasticity and steel fibres with a high moduluselafsticity.
The prominent improvement was noticed because ®f th
addition of steel fibres while enhanced toughness w

noticed because of carbon fibre. In another s{udysen &
Krenchel, 1991)steel and propylene fibre were added to
the cementitious composite which led to increase in
fracture energy by approximately 40% after 10 yezfrs
outdoor exposurdncrease in compressive strength due to
hybridization of steel and polypropylene fibre itsca
reported (Mette & Aarre, 1990).

In the mid-90’s polypropylene fibre has attracthd tnost
attention among researchers. This was mainly dits tow

cost enhanced resistance to shrinkage cracking and
outstanding toughnessehaviour in concrete fortified with
polypropylene fibre (Alhozaimy, Soroushian, & Mirza
1996)

Mechanical properties of concreteprove in a limited
range when concrete is reinforced with a singlee tgb
fibre, on the contrary, superior properties arei@ad in
case of the FRC where concrete is reinforced wiih or
more types of fibres (Mobasher & Li, 1996). Thehaus
investigated the properties of concrete made wythrids
based on polypropylene fibre, carbon, and alumina.

The problem of crack propagation at different ssage
concrete was well addressed in their work. Loadswgr
crack mouth opening displacement (CMOD) response
showed that there was 75% increase in peak load as
compared to concrete containing only polypropyléimes.

The outcome of the result clearly showed that thera
beneficial interaction between the fibres which keda
better performance at HyFRC as compared to mome-fib
composites.

C.X. Qiana, P. Stroeven (2000) (C. X. Qian & Stewv
2000)investigated the general properties of HyFRC under
static loading. Two types of HyFRC were produced on
which steel fibres was pooled with polypropylenbrdis
and another in which small steel fibres were comdbiwith
larger one. Low fibre volume fraction was used with
polypropylene fibre up to 0.3% and steel fibre woduup

to 1.2%. The study mainly dealt with a proper camakipn

of fibre sizes and proper aggregate gradation with
minimum cement content. The synergy effect showed
significant improvement in case of hybrid fibre quusites

as compared to mono-fibre composites. Large impneve:

in compressive strength was reported with the addiof
small steel fibre as compared to large steel fijyoe.

Wu Yaoa, Jie Lib, Keru Wu (2001) (Yao, Li, & Wu, @B)
studied three different types of hybrid compositesing
fibore combinations of polypropylene (PP) and catbon
carbon and steel, and steel and PP fibres at thme sa
volume fraction (0.5%). The performance of suchctete
was evaluated in terms of compressive, splittimgite and
flexural properties. Test results showed superonmosite
performance in case of HyFRC as compared to their
individual fibre-reinforced concretes. The test ules
indicated improved strength and enhanced toughiress
case of hybrid fibres at low fibre volume fractiofhe
synergy effect of individual fibres showed high rabd
and tensile strength in case of carbon fibre. Slibeés
showed medium elongation as compared to polypropyle
fibre.
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Low modulus and tensile strength were reported for
polypropylene fibre in comparison to steel and oarb
fibre. Few other authors (Arisoy & Wu, 2008; Jolomst
1974; Song & Hwang, 2004) reported that the usstesl—
polyvinyl alcohol (PVA) hybrid fibres can enhancket
workability in concrete mixing and the materialestgth
and deformability as well.

3. SYNERGISTIC EFFECTSIN TERMSOF
FLEXURAL TOUGHNESS

There has been growing interest in HyFRC using éwo
more fibre types. Some of the authors (N. Banthia &
Sheng, 1990; Kobayashi & Cho, 1982) performed
experimental studies to investigate the behavioural
characteristics of steel and carbon HyFRC and stedl
polypropylene HyFRC, respectively. Their resultewad
that the use of HyFRC can enhance both materiglegoties
and structural capacities. The test results of &uthors
(Lawler, Zampini, & Shah, 2002; Weiss & Shah, 2002)
contributed to quantify the crack damage (i.e. tas
shrinkage and restrained shrinkage cracking) angséothe
hybrid fibre reinforcement for the purpose of ciagk
control of concrete structures.

The use of different fibre types with differentiblengths
can increase the tensile strength of concrete @rffdactive
for crack control for both micro-cracks and macraeks
(Lawler et al., 2002; Yao et al., 2003)

The increase in toughness and strain capacity $h grack
zone with enhancement in ultimate strength due to
hybridization of steel and polypropylene fibre lhagn also
reported (Zheng & Feldman, 199%imilar findings have
also been reported in the literature (Kim, Yi, &nii2001;

C. Qian & Stroeven, 2000)

Equivalent modulus and synergistic interaction leemv
steel and carbon fibre resulted in highest strerayid
flexural toughness among the three hybrids comp®sit
(Tablel) (Yao et al., 2003). The results of synesgy
reported by the authors are presented in Tabled?aae
shown graphically in Figure 1 and Figure 2.

Table 1. Properties of Carbon Steel and Polyprowyle
Fiber (Yao et al., 2003)

Carbon Steel PP
Length (mm) 5 30 15
Diamgter (jum) 7 500 100
Density (g/em’) 1.6 78 09
Modulus (GPa) 240 200 8
Elongation at break (%) 14 32 8.1
Tensile strength (MPa) 2500 1500 800

Table 2. Mechanical Properties of FRC (Yao et24Q3)

Batch Fiber volume
no. fraction (%)

f fo MOR  Toughness
(MPa) (MPa) (MPa) index

Carbon Steel PP L Lo Ik
1 - - - 443 436 354 316 589 978
2 0.5 - - 507 521 602 408 748 1482
3 - 0.5 - 478 480 690 415 7.90 22.80
4 - - 0.5 445 414 374 404 626 1676
5 0.2 03 - 582 595 736 423 814 2932
6 0.2 - 03 578 572 730 3.89 6.20 1590
7 - 02 03 453 446 583 340 631 1844
8
Fibes vol. (%)
7 h Carbon Steel PP
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Figure 1. Flexural Strength versus Deflection fRG-
Beams (Yao et al., 2003)
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Figure 2. Flexural Strength versus Deflection fgFRC
(Yao et al., 2003)

Hybridization of steel fibre and polypropylene &br
improves the resistance to both inception and esfeyamg
of cracks, and that such principal fracture teste a
exceptionally helpful in developing high-performanc
hybrid fibre composites (N. Banthia & Nandakum&032).
The presence of hybrid fibres in the concrete aesist
tensile stress in the tensile zone below the nkeaxia as it
incorporates more destructive energy in the hyfilide-
reinforced concrete, as it has more amount of thee f
content in it. In another study (N Banthia, Cangiano,
Cucitore, Plizzari, & Sorelli, 2003) studied the
performance of hybrid micro and macro steel fibreler
static and fatigue test. For this purpose, ten Ilseanmd
cylinders were designed with the same concreteimiatr
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terms of cement content (400 kdjmw/c ratio (0.45) dose
of superplasticizer and grain size of siliceousragates.

The results of static test demonstrated synergistacts in
terms of material toughness for HyFRC with a coration
of different sizes of steel fibres. Increase inkpkead form
bending test and improved post crack strength foalls
crack openings was reported in case of microfib@re
results also showed more effective control of dyigam
crack development. A few experimental results priegbin
the study are shown in Figure 3 and Figure 4 fecspens
containing hybrid fibre.

— Plain
— Macro

-o- HyFRCI
- HyFRC2
- HYFR[B

®)

—
0 200 400 600 800 1000
CTOD [um]

Figure 3. Typical Experimental Results from Stdtists
on Specimens with Hybrid Fibres (Banthia et alQ20
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Figure 4. Typical Experimental Results from Cydliests
on Cylinders with Hybrid Fibres (Banthia et al. 03)

In a similar type of study (N. Banthia & Gupta, 200
Nemkumar Banthia & Soleimani, 2005}he fracture
energy synergy effect on several types of hybriate
based on polypropylene pooled with mesophase carbon
fibre and low modulus isotropic based carbon fiboeled
with high modulus mesophase based carbon fibrdobes
reported. Hybridization causes highest level ofctfree
energy synergy and strength has a major role tg jpla
getting an optimized hybrid composite (N. Banthia &
Gupta, 2004; Nemkumar Banthia & Soleimani, 2005;
Yazici, 2008)

The synergistic effects in terms of first crackesgth,
failure strength and strength reliability of mornbré
composites and hybrid fibre composites have begorted

(Song, Wu, Hwang, & Sheu, 2005). The study revetiat
Hybrid fibre composites showed larger scatter in
percentage increase in the number of post crackshbs
compared to mono-fibre composites. Statistical yaisl
showed improvement in reliabilities of first cradad
failure strength in case of hybrid fibre reinforceshcrete
when compared to steel fibre reinforced concrete.

N. Banthia, M. Sappakittipakorn (N. Banthia &
Sappakittipakorn, 200Hybridized large diameter crimped
steel fibre with small diameter crimped steel fibi@
investigate the toughness characteristics of sugtrich
fibre composites. Workability and fibre dispensipilvas
maintained in the fresh state. The results dematestrthat
there was a significant improvement in toughnesd an
hence concluding that such hybridization indeedais
promising concept in the future. The tests werdopered

in accordance with the ASTM C1018; the curves were
evaluated as per the recommendations the Japaet$o€i
Civil Engineers (JSCE SF4) procedure. The flexural
toughness factowb) as per the JSCE method is given by:

. Tb L
=5 \ox2 @)

The test results are depicted in Table 3 and aedtegural
load-deflection curves for hybrid fibres at a lowlwme
fraction of 0.75% are shown in Figure 5.

Table 3. Flexural Test Results (Banthia &
Sappakittipakorn, 2007)

Mix Crimped steel fiber (%) Peak Deflection Post-  JSCE
load atpeak  crack  flexural

080 mm Od5mm ddmm 0 (AR ougmss

at Lim=a

2mm  §=2mm
(MPs)  (MPa)
1 075 12,68 0.032 2870 2859
2050 1267 0.034 2719 2710
3 0.75 1325 0.035 4078 4049
4 0.50 13.04 0.033 3284 3265
5 025 0.25 10,70 0.033 2494 2486
6 0350 0.25 11.88 0.031 3103 3.086
7 0.75 1272 0.039 4172 4138
8 0.50 1287 0.032 2939 2926
9 025 025 1196 0.034 2866  2.851
10 050 025 10.85 0.034 3558 3532
11 025 0.50 1267 0.033 3537 3513
12025 0.50 11.89 0.040 3295 3274
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Figure 5. a. Average flexural load-deflection cuenize Post
crack strength of the single and hybrid fibre
(Banthia & Sappakittipakorn, 2007)

Skazlic et.al 200§Marijan Skazl¢, 2009) in their study
categorized FRC depending on the amount of fibdefed

to concrete. In one category fibre volume fracimFRC is
less than 2% and in another category fibre voluraetibn

is > 2%. The study progressed with an assumption that b
addition of 30kg/n? fibre in FRC the durability properties
namely toughness, absorption energy, resistance to
dynamic load improves. They outlined some basicltes
of the investigation in terms of the flexural beiloav of
hybrid fibre reinforced concrete containing 30kg/steel
fibre. For these purpose 12 FRC mixtures with 16, mm
aggregate size was prepared. Three types of dtwelsf
namely hooked end, sickle-shaped and wave-shapesl we
used with different fibre length and aspect ratiqptepare
hybrid steel fibre.

The experimental findings demonstrated that hooked
steel fibre of 30 mm length and 60 mm length in a
combination of 50% each gave the optimum synergetic
effect. The synergistic effect in terms of flexubahaviour
was graphically represented and is shown in Figuead
Figure 7. In their study, they established thatriuyisteel
fibre composites with different length result inhanced
concrete durability as compared to single long efibr
reinforced concrete.

-
5 »
bt
2 Mixture 3000,6 mm 60/L,0 mm
S Ml 100% -
» M2 - 100%
Ms 30% 0%
M6 40% 60%
5 M7 50% 50%
0 T T T T T T T
0 05 1 15 2 25 3 35 4
Displacement (mm)
Figure 6. Flexural strength diagram
(Skazlt & Bjegovi¢, 2009)
350
250 -
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]
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504 M6 0.5 % 6/0,15 mm; 0,25 % 350,55 mm
M5 0,25 % 6/0,15 mm; 0,5 % 35/0,55 mm
0,0 T T T T
0,0 1,0 20 30 40 50

Displacement (mm)

Figure 7. Flexural toughness diagrams for HyFRC
(Skazlt & Bjegovi¢, 2009)

Few authors (Plizzari, Cangiano, & Alleruzzo, 1997
Slowik, Plizzari, & Saouma, 1996) studied the fumet
mechanism in concrete when subjected to cyclic doad
They observed that concrete damage mainly occutben
micro- cracked zone which was termed a Fractured3
Zone (FPZ) (Figure 8). They also commented thahéf
presence of FPZ is taken into account beforehaed the
behaviour of concrete structural elements subjeictddw-
cycle fatigue can be assessed correctly.
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Figure 8. Stress Distribution along the FracturecBss
Zone in Concrete Specimens under Cyclic Loading
(Hillerborg, Modéer, & Petersson, 1976)

Strength Modeling of 60 MPa High-Strength Concrete
(HSC) with Hybrid Fibre Reinforcement by combining
steel and polyolefin fibre at different volume fiiaa has
been reported (Ravichandran, Suguna, & Ragunatif)20
Comparison of the strength properties was done dmw
high strength concrete without fibres with highesgth

concrete and hybrid fibre reinforced concrete. The
experimental result presented in Table 4, demaestra
enhanced strength effectiveness in case of HSC with
Hybrid Fibre Reinforcement and HyFRC as compared to
HSC.

The result further indicated that modulus of ruptof all
fibrous concrete was higher as compared to HSCteBet
performance in terms of flexural toughness was iveskin
case of HYFRC as compared to another concrete citepo

3.1. Synergistic Effects in Terms of Permeability
Resistance

Durability directly relates to permeability and istage of
concrete. If the ability of concrete to resist skage and
cracking is enhanced then impermeability can imerov
Reinforcing concrete with mono-fiber is helpfulregsisting
shrinkage but the effect is limiteHlybrid fibres of various
sizes and sorts may assume critical parts in negist
shrinkage and cracking at various scales to acdempl
superior performance.

Sun et al. 2001(Sun, Chen, Luo, & Qian, 2001)
investigated the effect of hybrid fibres and/or axgive
agent on the shrinkage and water permeation piepest
high-performance concrete and observed superior
improvement for shrinkage resistance and impernigabi
of HPC than a mono amalgamation of hybrid fibres or
expansive agent.

Table 4. Mechanical Properties of Fiber Reinfor€eghcrete (Ravichandran et al., 2009)

Fibre volume (%) Compressive strength (MPa} Splitting tensile strength (MPa) ~ Modulus of rupture (MPa)
Measured  Strength Measured  Strength Measured Strength

Steel PO Total value effectiveness (%)  value effectiveness (%) value effectiveness (%)
0.0 0.0 0.0 6l.2 0.00 4.86 0.00 7.30 0.00
0.3 00 03 3.5 376 7.67 §1.82 9.60 3151
0.4 0l 0.3 62.2 1.63 7.90 62.55 9.72 3318
0.3 02 05 6L.6 0.65 7.39 5206 9.35 2808
10 00 10 67.1 9.64 9.90 10370 11.80 61.64
0.8 02 10 66.3 8.33 10.00 10576 1200 64.38
0.6 04 10 3.1 310 8.90 83.13 11.25 5411
L3 0.0 13 69.9 14.20 11.26 131.69 12.89 76,38
L2 03 L3 67.3 1030 1145 135.60 13.00 7808
0.9 0.6 L3 65.2 6.54 10.80 122.22 12.54 7178
2.0 00 2.0 69.8 1410 11.70 140.74 13.10 7945
16 04 2.0 69.2 1310 1230 157.20 13.80 §9.04
1.2 038 20 68.8 1240 11.64 139.51 1316 8027

Strength effectiveness =

HSFRC (or) HYFRC strength-HSC value strength

%100 %

HSC strength

Lawler et al. 2002 (Lawler et al., 2002) and Weissl
Shah (Weiss & Shah, 2002) also performed extensive

research to investigate the permeability and tlaeking
characteristics of hybrid fibre reinforced mort&imilarly,
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the author (Lawler et al., 2002)emonstrated increased
resistance to water penetration. Permeability tesder
tensile loading condition was conducted on the H3FR
specimens. In another study (Marijan Sk&zIR2009)
investigated gas permeability and water absorption
evaluate the durability performance of the différkybrid
fibre composites such as hooked-end steel fibresnga
aspect ratio: 64 and 45, straight steel fibres rigaaspect
ratio 40 and fibrillated polypropylene fibres. Tdifferent
concrete mixtures were prepared with wi/c ratio .gflGand
having equivalent workability in a fresh state. Tosv
volume fraction of fibre composites ranging frori®% to
1.15% was used.

The study was based on the fact that the effeatestain
properties of fresh and hardened fibres reinformancrete
made with steel fibres of different lengths areilsinto that
of concrete made with aggregates of different gsiie.
The results of the study demonstrated enhancedanizt
and durability performance in case of HyFRC hylznédi
with steel and polypropylene fibre than those asariibre
reinforced concrete. Further analysis of test tesul
demonstrated that because of low modulus of eigsB®F
are effective in reducing crack propagation in Ygun
concrete while hardened concrete behaviour getareeial
due to addition steel fibre.

To know the absorption of water by capillary, Sovipt
test was carried out for durability studyayaprakasan &
Divya, 2015). Improvement in Compressive strength,
Tensile strength and Flexural strength of HyFRC as
compared to conventional concrete has been reported

The impact strength of the HyFRC specimen directly
depends on the percentage of fibre added to it. béurof
blows for testing the impact strength of HyFRC eases
with increase in percentage fibres added. Sorptivias
reported more as the percentage of fibres addition
increases.

3.2. Recent Researches on HyFRC

When the composition of fibre hybrid composites is
altered, it proportionally generates the synergeffects.
But some properties remain constant if the comjposis
altered irrespective of the fact that how many dtbare
added for hybridization. In one study (He, Wu, &,Ji
2017) the mechanical properties of HyFRC hybridingith
high elastic modulus and low elastic modulus fibnese
investigated. Polypropylene fibre was used as Itagtie
modulus fibre whereas steel, basalt, polyvinyl htio
fibres were incorporated as high elastic modulbeefi The
test outcome and investigation exhibit that sofitibre
and hybrid fibre will enhance the reliability ofetttoncrete
at failure. Brilliant mechanical properties of higbrsteel
fibre-polypropylene fibre reinforced concrete aceaunted
for.

Improvement in modulus of rupture and toughnes2%t
hooked end steel fibre volume fraction as compared
plain concrete in case of HyFRC has been reportetia
literature (Eswari, Raghunath, & Kothandaraman, 1301
the increase in above parameter was significantnwhe

compared to mono-fibre composite and plain concrete
Regression equations were developed to evaluate the
strength and toughness of HyFRC. HyFRC was made wit
hooked end steel and polyolefin fibres.

A close agreement has been acquired between tetecd
and experimental results. In another study (Hon@&bi,
2012) a direct tension test was performed to ingat the
nonlinear material behaviour of a HyFRC showingsiua
brittle behaviour. Based on the experimental olstems,
a fictitious crack model, simulating a tensile strecrack-
opening relationship, was developed. In the devety of
the crack model, the fracture mechanism of HyFR€Cthe
effects of varying steel and carbon content in HyERC
were addressed. The developed crack model wasedbrif
by comparing predictions with test results. Foreea$
application of the crack model in structure analyand
design, simplified equations for predicting and lesting
the tensile strength and fracture energy were dpeel.
Positive hybrid effects of HyFRC has also been regb
(Mei, Xu, Li, & Chi, 2012)when steel fibre volume ratio
was less than 1% and polypropylene fibre volume less
than 0.1%.

The results of the synergetic effect in term $ciack load,
flexural strength, flexural rigidity was evaluatéthdhav &
Koli, 2013) the test result showed Significant imyEment

in flexural performance of HyFRCwhen steel and
polypropylene fibre where hybridized. In a simitgpe of
study (Selina Ruby, Geethanjali, Varghese, & Pr3@il4)
used crimped steel and polypropylene fibre with rt@o
S0.25+P0.75, S0.5+P0.5, S0.75+P0.25, (p-polyprogyle
S-steel) for M40 concrete. The strength test result
demonstrated improvement in strength effectivenass
compared to plain concrete. It was reported thme§ limit
the initiation and propagation of cracks in the
microstructure of concrete under axial load.

Increase in peak tensile strength due to stee filhile the
increase in residual strength post-peak response tdu
polypropylene fibre has been reported in one s{udyu,
Huang, Chi, & Mei, 2016).

Variables used in the study were different fibrdumee
fraction and aspect ratio. Furthermore, improvenierhe
range between 20% and 80% in the case of tensdpgth
was observed in comparison to that of plain coecrét
predictive equation for shear strain relation aedstle
strength was developed.The authors also proposed a
simple elliptical cap model in the tension regiohich
represented three-dimensional strength criterioms f
predicting multi-axial stress in tension region-f~RC.

High strength concrete designed with proportiorsebeon

a percentage of 0%, 75% steel fibre hybridized 296
PPF, 75%steel fibre and 25% PPF for fibre voluraetfon

of 1.5% demonstrated improved structural stiffniessase

of HyFRC beam as compared to others (Amizah, Jusoh,
Ibrahim, Rahman, & Sam, 2017).

The best performance for flexural capacity was iolethin
case of HyFRC beam. The bridging action of stdaie§
retarded the crack propagation due to higher elasti
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modulus and tensile strength. The hooked end ef §tee
delayed the growth of macrocrack while PPF arresited
microcrack propagation due to the low elastic madul

As of late synergetic effects have been accourtted vide
assortment of properties, running from tensile ngte
(Jayaprakasan & Divya, 2015; Wisnom et al., 2016),
flexural strength (Dong, Sudarisman, & Davies, 2013
Jayaprakasan & Divya, 2015), impact resistance [[Syo
Geboes, Gorbatikh, & Pinho, 2017), fatigue (Shahi&o,
2002; Wu, Wang, lwashita, Sasaki, & Hamaguchi, 2010
Excellent resistance to air blast loading for hgbfibre
composite as compared to normal reinforced condeete
also reported (Yusof et al., 2013 this study plastic,
explosive P-E4 was used to air blast the concrateelp
made of hybrid steel fibres. Parameters measure@ we
blast load and mode of failure under static loading
Furthermore, there is very limited research avéglakith
regard to durability properties like electricalistigity and
water absorption of fibre reinforced concrete. Réce
studies on electrical resistivity and water abgorpteport
contradictory results. One of the studies (Afrowdiet &
Ozbakkaloglu, 2015)evealed thatwith the incorporation
of fibres, the result of electrical resistivity ansdater
absorption test showed reducing trend as comparpthin
concrete.

4. CONCLUDING REMARKS

On review of the researches, the advantages ofj stael
and polypropylene fibre in the concrete matrix das
summarised as there is a significant impact on the
properties of hybrid reinforced concrete. A fibravimg
high durability increases toughness while fibrehwlibw
durability enhances the short-term performanceooteete.
Further fibre which is flexible and ductile develop
toughness and strain in post cracking zone whianger
and stiff enhances the stresses at first crack aled
enhances the ultimate strength. Moreover, fibreghvhare
small in size arrest the microcracks whereas fiite large
size helps in arresting the macrocracks. Togeti&yr help

in controlling the propagation of micro and macems.
The hybrid composite in concrete improves the dlera
performance of concrete.

Fibre-hybridisation offers an inimitable prospect t
mitigate some of the negatives of one fibre typadging a
second fibre type. Hybrid fibre reinforcement ofhcrete
composites is quickly rising as an imaginative and
promising method for enhancing the mechanical
performance and durability of cement-based material
While hybrid fibre reinforced cement composites are
promising yet at the same time, there is signifilgafiurther
research expected to build up the science andigasidon
important for their enhancement.
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